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Vaccine 1 6 FEB 200k This invention relates to novel vaccine fornul ations,
nmet hods for preparing themand their use in therapy. In particular the
present invention relates to novel rotavirus vaccine fornmulations. 5 Acute,
i nfectious diarrhoea is a | eading cause of disease and death in nmany areas
of the world. In developing countries, the inpact of diarrhoeal disease is
staggering. For Asia, Africa and Latin Anerica, it has been estimted that
there are between 3-4 billion casesvaimdi arrhoea each yeap Fdiliof those
cases about 5-10 million result in death (Walsh, J.A et al.: N Engl. J.
Med., 301:967-974 10 (1979)). Rotaviruses have been recogni sed as one of

chi {JF oS B iR b TR 4 DGR e Porias e AR BER 1 o1 ogy.
Third ?9 9% arﬁt‘;IJIarr p@éeﬁ'@eﬂﬁorﬁblaﬁb‘s 16 nd@@l"r@ﬁwﬁ@bbéc%fé%rﬁwla%ﬂs' adel phi a,

1996) . t| mated that rotavirus 15 di sease is responsible for over
onedm | | | on deat hs annual | y. Rotavirus-induced illness nost comonly
affects children bet
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transm om per'son o person by t faecCal -oral route with an
i ncubatAmenqaﬁthasdbemf estimeted dtiabtherelare bewbeiuﬁ-ti Billgngases ohiliamwer gachoepiandi n t he
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encgu @g_g I n young children, nost adults are protected as a result of
preV| ou avi rus infection so nost adult infections are mld or
asynptomatic (Offit, P.A et al. Conp. Thera, 8(8):21-26, 1982). 25
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the douﬁIaﬁts%h@géLﬁg cﬁiﬂFb’ﬁ' Eisted, MIR! RbRviflseSaridothaly | Ré%II%athﬁ FieMs ¥roledy, Thiraer
protein_shel ore at contains the genone enone of a rotavirus

i s conpditardedited h)leelngIEaht Bawen Rublisbes. Bhiledaiphiz IW lI\Ifﬁl estimalad harolgviuseast 11

nct, viral rot e _Vir as VP4 and
VP7EE\ a'ﬁ?arsﬁﬁd Fffe?éo‘éexp'%er W@}Qn e@ﬁ@""&ﬁ@bl@ iﬁiqc?@@h%gﬁo?g structure.
The i nnegdm@eHAsatdcto EhiliRA beMledN E/aH8 20 FRAME bageNéhdicdieak Previlbhceivf the t he
rotavirus protein designated VP6. The rel atlve | nportance of these three

part i cutliagase genevally atcuts duripg the gogerogihs in temperate climates, and year-round in
tropical areas. Rotaviruses are typically transmitted from person to person by the fagcal-oral route
with an incubation period of from about 1 to about 3 days. Unlike infection in the 6-month to 24-
20  month age group, neonates are generally asymptomatic or have only mild disease. in contrast o
the severe disease normally encountered in young children, most adults are protected as a result
of previous rotavirus infection so most adult infections are mild or asymptomatic (Offit, P.A. et al.
Comp. Ther., 8(8):21-26, 1982).

25  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 designated as VP4 and VP7 are arranged on the exterior of the double-

30  shelled capsid structure. The inner capsid of the rotavirus presents one protein, which is the

rotavirus protein designated VP8. The relative importance of these three particular rotaviral



proteins in eliciting the i nmune response that follows rotavirus infection
Is not yet clear. Nevertheless, the VP6 protein determ nes the group and
subgroup antigen, and VP4 and VP7 proteins are the determ nants of
serotype specificity. 5 VP7 protein is a 38,000 MN gl ycoprotein (34,000 MV
when non-gl ycosyl ated) which is the translational produgg fef ggnom c
segnent 7, 8 or 9, depending on the strain. This protein stinul at es

formati r rus i nfection.
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i s the iNeserthelats dmaMPerMeimdetemmnesgmqgmup:arsiesgbgmm antigdthiasd pPéard WPRI SO
stinul ate neutral Si n ant i bof foll o ng rotavirus infection. 10 Since
VP4 and %fh@ld:%?”ﬁ' anls ¢f serp %gppe&fg ei ns agai nst which neutralising
anti bodies are directed, they are believed to be prinme candi dates for
devel opment of rotavirus vaccines, affording protection against rotavirus

i || ngss VP prdkeit isra:08,000 MW plyeoprataif esatmbmvwwhemgm@;cbs'ylalétl)Micﬁ@theS known to
elicit protective immunity, Alive gl\ttenuated rotavirus vaccine is thus
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studied and had m xed or disappointing results. Mire recent efforts have

f ocused 98FPHERITEAN. YIS Arelais §l§Pt5Hﬁ¥[§t35 E‘Wé[ﬁ“sﬂlﬁ\?étlwé frlipwing réameeinikction. A
rothl rus strain known as 89-12 has been described by Ward; see US Patent

Nunber 5,474,773 25 and Bernstein, D.L. et al, Vaccine, 16 (4), 381-387,

1998. Tisinc8 ¥PA ané VPAproteind ard tho bied! ﬁ:dtefnscagaamtwhmblnetamsing@mb@méd geted froma
14 nonth-old child wth natural rotavirus illness in 1988. According to US

Pat ent Kifpatec they areetievad fahe prime caodidatestforsuelonmant o ratevius/agaings, affording

cul ture- ﬁﬂ%ﬂ es in primary African G een Mnkey Kidney
(AGWK) &8 &%rjﬂ?%“%gg@gﬁ@g&‘l n MA-104 cells as described by Ward in J.

Cin. Mcrobiol., 19 748 753, 1984. It was then plaque purified 3 tinmes 30
in MA-104 cells (to passage 9) and grown after 2 additional passages in

t hede cdatugal ratpdrusintegtionpunnaorsly sbilgheqddnknowp saelish erolastiveimawnithassage 12) for
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deposite rarn s known as
vaccine, as this is the natural route of infection of the virus.

Early vaccine development for preventing rotavirus infections began in the 1970s after the
20  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
25  and Bernstein, D.L. et &, Vaccine, 16 {4), 381-387, 1998. The 89-12 strain was isolated from a

stoot specimen collected from a 14 month-old child with natural rotavirus ifiness in 1988. According

to US Patent Number 5,474,773 the HRY 89-12 human rotavirus was then culture-adapted by 2

passages in primary African Green Monkey Kidney (AGMK) cells and 4 passages in MA-104 celis

as described by Ward in J. Clin. Microbiol., 19, 748-753, 1984. it was then plaque purified 3 times
30 in MA-104 cells (to passage 9) and grown after 2 additional passages in these cells. One



The 1998 paper in Vaccine by Bernstein et al is referred to below as the
Vacci ne (1998) paper. 5 The paper describes the safety and i mmunogenicity
of an orally adm nistered |live human rotavirus vaccine candidate. This
vacci ne was obtained fromstrain 89-12, attenuated by pasiﬁgﬂﬂgpwmout

pl ague purification 26 tines in primary AGW cells and th er 7 times
in an established AGW cell line (33 passages in total). 10 Hereinafter

t he af oresaj.d terial i n seri.all as d 26, times.wll be
ot er r o S0adtel PisSge S MHE batiple A0 ak it i BRETREMAE b fiulleq 35
times w InhmbBer ATESCVR B2t Thé@gepBsidd stritn isd@BWA 8d 89-1Z8avi rus derived by

passaging 89-12 ntinmes will be referred to as Pn. In the exanpl es which

follow the P33 material was passaged a further 5 times on Vero cells. This

15 i f t P38. . The P26 and P33 i sol at i bed j.n the Vacci
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P26 popul ati'on describedin t Iterature conprises a
m xt ur e ofccingaandidete . ThEhiascitearastobianed Somistrsis 88 d 2 afteyeatext bycpasbemingatithoits at i on
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product i QMK clRELiNSads@hs inBhgmi | arly, P33 conprises a mixture of variants
and is not re éinaﬁﬂ/ %congelcsstendtmfor t he production of vaccine lots, 25 It

has been found that the P26 naterial is a mxture of at |east three VP4
gene, yariants. P33 and . P38 are sim]arly.a mxtur f twg varjants. These
o Al e e/ i alega WEICT e BranisEr D PEssbdr Z6dmes Yt D4 TElenPAeI a5 e
epi t opes pobkand e nfrdRhichies Bidh ARNNDhisalecd3 R vill FaPHAl N9 the
neutrali zi ngnant in%?)edny titers of ser@ﬁ’?roﬁ?({anf éﬁr??s 'v%cc:;gfléﬂg?é wiatshtlrLSS

agai nst tgheeral, mtavirusrdesved Dyipssseging 8912 t limst wihbe tbférredfd gpPfe 3. 3 1 6 FEB 2304
Furthernore it has been found that when the P33 material is admnistered to
infants, two identified variants are replicated and excreted. O 100

vacci nat gghnk Rkandiss withlfoliod 1S3 85teH0RSs HfssAR8 bidthe e iREd §d’ Verd génst This

rotavirus infection, while 20% of a pl acebo "group were 1 nfecte These
fi ndithgs is referrgeintastA3at the identified variants are associated with
protection fromrotavirus disease. 5 The present invention provides a
met hod of separating rotavirus variants and an inproved live

The P26 and P33 isolates described in the Vaccine (1998) paper were not deposited in a culture

collection, nor were they analysed to establish their genetic characterisation.

20 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.

25 _

It has been found that the P26 material is a mixture of at least three VP4 gene variants. P33 and
P38 are similarly a mixture of two variants. These variants appear to be antigenically different, in
terms of neutralising epitopes, to the 89-12C2 strain deposited at the ATCC when evaluating the
neutralizing antibody titers of sera from infants vaccinated with P33 against these variants. This is

30 illustrated in Figure 3.



attenuated rotavirus vaccine derived froma cloned (honbogeneous) human
rotavirus strain. Accordingly, according to a first aspect the present
i nvention provides an attenuated rotavirus population (isolate),

characterised in that it conprises a single variant or squi @@Lly a
single 10 variant, said variant defined by the nucleotide encodi ng

at |least one of the major viral proteins designated as VP4 and VP7.
Pr ef er alflustharhere itdis beéandsunddipat when tha P33 catedalng administeesd toinfamts, two identiiedc| oned

(T nore. v SRR P I3 0SSR S oG SR B4, b *
e L Ahef e BIGRRS FeABh Yot 207 P2 Baco 3o TRAS iniekleh] ShetlpHgd@op, Lhan 1
| e | popul a e

% of a rent” variant or varrlants. rus I ons can purified to

hOWDgenGlJ?gestQhatmb@énaﬁﬁd\ahad‘f&)aregsamiateylvmypnﬁaﬁiagircm ravirgsidibedske cel | types
or bg pertormng a _ series of ﬁne or nore claoning steps. 20 An advant age of
the Pnvdhepesent Bveniige Prviges ARG pf seBRraingdpiaYrus variants end\aarimpraved;iive nor e
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may al so be associated with enhanced efficacy in the prevention of
rotavirus infection, 25 In one preferred aspect, the single or
subst antAceArdingls perprding Aa Rifissh esnert thherepast lBvaNtioR Piowiges 2n atisAu@ed rokirusi nvent i on

s a varji ] [\C - : PLI ' : uence
conpri sipﬁgj@? h Fseo‘g;%), &g‘ﬁ%ﬁg%@ﬁ%gﬁﬂgﬁ}@dﬁ#ﬁﬁﬁ%@\é@éﬁe oﬁ'gh%sg% '3'%3?@% position
788,10an vaskpn s#ie viranedefited tthoaridotidysedGehcanrcodg tahigastdfe BRRE majb) vidl
position 501 fromthe start codon. 30 4 1 6 FEB mu In a further aspect the

si ngl e @foiMAesianatedds YP4&IgPd. vari ant in the popul ation of the invention
Is a variant in which the VP7 gene conprises a nucl eotide sequence
conprising at |east one of the following: a thymne (T) at position 605,

an adeniPpeferbfly tharotpiras populatiBPaccomingao the &ventidn (s clededp@garti on 897 fromthe
start codon. Preferably at position 897 there is an adenine (A). 51n a
preferred aspect the single variant in the popul ati on according to the

I nvepti ) a%ﬁulﬁﬁn @&ﬁﬁﬂsﬁhﬁ a single variant, or substantially a single variant, is meant a rotavirus
population which does not contain more than 10%, and preferably less than 5% and most
preferably less than 1% of a different variant or variants. Virus populations ¢an be purified to
homogeneity or substantial homogeneity by passaging on suitable cell types or by performing a
series of ane or more cloning steps.

20
An advantage of the invention is that a population comprising a single variant is more suitable for
the formulation of a consistent vaccine lot. Particular variants defined by nucleotide sequences
encoding the major viral protein may also be associated with enhanced efficacy in the prevention of
rotavirus infection.

25
In one preferred aspect, the single or substantially single variant in the rotavirus population of the
invention is a variant in which the VP4 gene comprises a nucleotide sequence comprising 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.

30



(A) at positions 788 and 802 and a thymine (T) at position 501 fromthe
start codon in the VP4 gene sequence. 10 In another preferred aspect the
single variant in the population according to the invention has a thym ne
- (T) at position 605 and an adeni ne/ guanine (A/G at position 897 fromthe
start codon in the VP7 sequence. Mbst preferably in thel ¥PFggmguence there
Is an adenine (A) at position 897. In a particularly preferred aspect the

Sden me Battier Shefttfe AR LALAERSHAE Pabis b RS IMERM RDnMRen 8350 ¢ (1
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and an adeni ne/ guani ne G at position 897 fromthe start codon in the
VP7 sequielioneng: Btistminer(€) & pasilion 6G0b, anradeNire (4 atjpesitior 8% h er 2guanined@) algesiione ( A)

at posit] 897. 20 I p another aspect single varignt conprises a
nucl eot i %Q%r}%ﬁﬂéﬁ@ﬂc Eogf‘-ﬁﬂaqy %’Iﬂgs'ﬁﬁ”béﬁﬁhere A9EHNE K& nucl eoti de sequence
Is ax shown in Figure 1, and/or a nucl eotide sequence encoding a VP7
protel n wherein the nucl eotide sequence is as shown in Figure 2. The

present inrveeltirehaspes thesingle vdeant & thepdpaltition aqowlihgdo theg invention &e$ eusdenine

| at i I Si 5 {. ' | y. Si lant, . th d
Conpr 1 s1 thyt FRGREAtAgna SO AnA e 1 3Lt Pb AT FPr e SR e S LRIV pe:
opti onal b%[&gj%&%éng honobgeneous culture using the steps of either: a)
limt difution;

0 or b) individual plaque isolation; and 30 checking for the
presence of a substantially single variant by carrying out a sequence

determ nati on of an ropriate region of the VP4 and/or VP7 gene sequence.
5 1 ¥ FEB 208" FRETELRSRRA Y SRR It g RoREoL ascoieo e ap IR Bur' by a
quant i t a it \d A do¥Rine/BudalnedAED et SRBitHR I Be Staftitod i | Ot

bl ot hyb?hmﬁgg)i% g'PHg?SQ%’Liﬁhdfgr?%Qﬁt iegﬁQS lSlgjraliatferab! y tﬁe sefectled

vari ant the Vie7\saqueaca. Mdst pleferablyrie hei VP tsequennel thesecs an adkning &) at pesiton&PT.i ng

rotavirus preparation is adm nistered to a human subject, in particular a
child. The resulting cloned virus population resulting fromthe nmethod

23??;3: gﬂacag ;ﬁnﬁu{ﬁ{%ﬁ% 'Eﬂéf%géd Sdpebite Siyle RIMBALIA the Bofiatioh BEddRIingRe BiedMieRinPEs &
15 an adenine (A) at positions 788 and 802 and a thymine (T) at position 501 from the start codon in
the VP4 gene sequence, and a thymine {T) at position 605 and an adenine/guanine (A/G) at
position 897 from the start codon in the VP7 sequence. Most preferably in the VP7 sequence there

is an adenine (A} at position 897.

20 Inanother aspect the single vaniant comprises a nucleotide sequence encoding a VP4 protein
wherein the nuclectide sequence is as shown in Figure 1, andfor a nucleotide sequence encoding

a VP7 protein wherein the nucleotide sequence is as shown in Figure 2.

The present invention atso provides a method of producing a rotavirus population comprising a
25  substantially single variant, the method comprising:
passaging a rotavirus preparation on a suitable cell type;
optionally selecting homogeneous culture using the steps of either:
a) limit ditution; or
b) individual plaque isolation; and
30 checking for the presence of a substantially single variant by carrying out a sequence
determination of an appropriate region of the VP4 andfor VP7 gene sequence.



Suitable cell types for passaging the rotavirus population in the above

nmet hod i nclude African green nonkey kidney (AGWK) cells, which may be
established cell lines or primary AGW cells. Suitable AGW cell lines

i nclude for exanple Vero (ATCC CCL-81), DBS-FRhL-2 (ATCC CL-160), BSC1
(ECACC 85011422) and CV-1 (ATCC CCL-70). Also suitable aT&F&Bim@4 (rhesus
nonkey) 15 and MRC-5 (human - ATCC CCL-171) cell lines. Vero cells are
particularly preferred for anplification purposes. Passaging on Vero cells
gives a high virus yield. Techniques for checking whether there is a single

vari ant The sequenceidetpropndtian inaysuiteisiyibé targed dLOBY b h@antit’ﬁﬁ@é‘&@em@@%gﬁtgﬁve

determ ning the nature of that single variant involve stand sedquenci ng
or 20 h;’ﬁ’lbﬁ@?%'% {eshnigHesEEHaR 2 bl@hﬁ%ﬁdiﬁa{loﬂ neplaque hybritlisatien. descr i bed
hereinbelow. In a preferred aspect the nethod of the invention is carried
out using an appropriate rotavirus, particularly rotavirus having the

char gt efrefetablysnaelddal VaRard & averiait Whigh istpiRa B SRAGRRAIRIS ] d5ynd DT OF
) |

25 A particularly preferred single variant population s h was
obt ai nedCRVBIHPEPIrationisiagministeses toladuman subjest iin pestigulas a ajls 33 times in
culture on appropriate cell types) by a series of end dilution cloning
steps followed by passaging the cloned material on Vero cells for
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Labor at cmp/iiad iy further pagseging eiosuialde ¢elldive.vi ce, Centre for Applied 6 5 1 6
FEB1%004 M cr obi ol ogy and Research, Porton Down, Salisbury, WIltshire, SP4
QJG "United Kingdomon 13 August 1999 under the deposition nunber
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public availabillt.a/lst e sinplest netho obtarnin rotavirus
5 P43, i%eandnaRkey kifiney GAGMK) cellsubish mal de establispedudei bhes o barmaryiAGMIGEiand

hoce orette RERRIANHR e BF Bt verd B2 CHEER, BB Rn g (BHe6 Britiauch
funct i orBg0-Y (EOATS 8801 1422) and ClentATED coary hfsﬁ%ﬁﬁlg%ga‘?% gﬁ{.‘@:@ﬁ%ﬁg é‘ﬁﬁ@‘%\ﬁ nd

bi ol ogi cal M{Cequi val ent_to the human rotavirus
t her'af ora8d HRE-human —ATECHel7d) calidngse Visto caieammarieutsrly prefesed fopn. |t wi l |

t her ef or. : d : | hyention enconpasses rotavirus
popul at ia?r?gﬁiw}ﬂ%@%ggt ﬁéﬁgﬂggﬁé@ F@FWES% 'QEH@)SFV 'vari ant as described
her ei n.
Techniques for checking whether there is a single variant in a virus population resulting from the
method, and for determining the nature of that single variant involve standard sequencing or
20 hybridisation procedures known in the art and are described hereinbelow.

In a preferred aspect the method of the invention is carried out using an appropriate rotavirus,

particularly rotavirus having the characteristics of the 89-12 strain or of 3 passaged derivative
thereof.

25
A particularly preferred single variant poputation is P43, which was obtained from P33 (an isotated
human rotavirus passages 33 times in culture on appropriate cell types) by a series of end dilution

cloning steps followed by passaging the cloned material on Vero celis for amplification.

30 A P43 population was deposited at the European Collection of Animal Cell Cuttures (ECACC),
Vaccine Research and Production Laboratory, Public Health Laboratory Service, Centre for Applied



It wll also be understood that the invention enconpasses materials derived
fromthe deposited P43 ECACC 99081301 by subjecting it to further
processing such as by propagating it by further passaging, cIonlng,

ot her procedures using the live virus or by nodifying P43 in any way 15

i ncluding by genetic engineering techniques or reassortaftfppegpni ques. Such
steps and techniques are well known in the art. Materials derived fronlthe
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genetic I Nterest’'are reassor Vi rus s whi ch
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exanpl e reassortants which conprise a virulent strain of rotavirus in

whi ch one or part of one of the 11 genone segnents has been replaced by the
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PA3 sggnemy, itQg nmné eﬂkr:&@mor ;mmnéb@wnatlswémnd fmfcnmn)t &%tantl%ﬂlzﬁfﬁ%ﬂfcblam
rot avi ruses and techni ques prepari ng them are wel known oster

H and \niaviruses might bg prodieced ay/ﬁlremr other meihadssm ww&f the teaahlng;wf&m mmtnen dr iJg

| uat 8 f. I
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| mrunol ogjeGakdaki rcﬁmruymactﬁItmsva@envmnawa@fo@%%@wm e EHeRd B&fe bf PEYD %rserYt" th
the P43 virus, particularly 30 antigens of the virus, which are capab e of

eliciti ngwemlon mirwildhareferp b vedersiend tha theemﬂiian@nawass&s rotRg s populationtien
I nje edlnt hao 16F I.Ln adapting the rotavirus to
an aﬁ)roﬂ?‘f"}& E@r?&q”al%%%ﬂ% Iaé%%‘:r“ﬁ i%qrq:l it may be necessary to

treat the virus so as to get rid of any potentlal cont am nant such as any

adventitious agents that may be present and which woul d otherw se cause
cont am n#miloaiso herunderstoecibat tief invanfien ensempass ¢s/matgrizitidesived frdmothe depoesite®B43 t hi s

venti of CAPCSPRAE ol SBRHIR Mo Aol PREEAIEN B REN Wit ing M5 48R 00t ona
step in piRagNg cRhing, P bIPEGotRBurEOUsIRRPSIVRIVRGS &by AddBMEF480h biyMgay Ot avi rus

or vaccine fornul at ed therewith. Also wthin the scope of the I nfvention are
admi 3& ur wsluding bygengtic engiveerg techbiauasonsagsartprtriechniqees: Such grpmanddeabniques

cl oned vayi or Wit.h other viruses in particular other attenuated
| B R WowrD g . i atten

Vi ruses. are useful in the vaccines of the invention which
are descri bed herei nbel ow. The present invention also provides a live

attenuated rotavirus vaccine which conprises a
Materials derived from the deposited P43 which are covered by the invention include protein and

genetic material. Of particular interest are reassortant rotaviruses which comprise at least one

20 antigen or at least one segment of P43, for example reassortants which comprise a virulent strain
of rotavirus in which one or part of one of the 11 genome segments has been replaced by the
genome segment or part thereof of P43. Specifically, a rotavirus reassortant in which the segment
or partial segment coding for NSP4 is a P43 segment or partial segment, may have useful
properties. Reassortant rotaviruses and techniques for preparing them are well known (Foster, R.

25 H. and Wagstaff, A. J. Tetravalent Rotavirus Vaccine, a review. ADIS drug evaluation, BioDrugs,
Gev, 8 (2), 155-178, 1998).

Materials of particular interest are progeny of P43 and immunologically active derivatives of P43.
Immunologically active derivatives means materials obtained from or with the P43 virus, particularly
30  antigens of the virus, which are capable of eliciting an immune response that is reactive against

Rotavirus when injected into a host animal.



substantially single variant popul ation adm xed with a suitable adjuvant or
a pharmaceutical carrier. 15 Preferably, the rotavirus vaccine according to
the invention is a nonoval ent rotavirus vaccine containing a single
rotavirus strain. The present invention is particularly advantageous in

providing a live rotavirus vaccine in which the 20 live aLE Eﬁzﬂfd
rotavirus is a human rotavirus and does not cause intussus 3 ? Suitable

pharmaceutical carriers for use in the vaccine according to the invention
for oral admnistration,

i ncl ude those,. in . th bei i t abl
espec: ol 1Y EEBinaiRE b AR aRirbe B BT RS F Hirle ferd BRrib oy Phneaasanio
car bohy drhtase vie by 84 BB amdm_ﬁalfdoﬁkﬁmin%h&g&mésl%rﬁgl;segéy@%d)}fagg%é Fﬁggnesi um

hydr oxi de, hydroxyapatite, talc, titanium oxide, nesi um
st ear at e maydbaptessntard whitiveduldibtbereise logubearytpmnptdniiztthy taseldf ethessansitive

m crogrystal |.i ne cel |l ul.ose | atin, vegetal ept.one, xant hane,

car aghen&HEN @Pﬁﬂﬂ@eﬁﬂ?‘ﬁm?@%&%ﬂ@%‘?w Imefh as SWWW@F?'@G@M’- phevresed a
process fRbnth Fl icREBY bff ' 30 drying
Phe vi r uaterie 83116 @ cRipi bf ofn WG leahent X ar SRR SRR AREWHL Vi r Lo
accor di ngracedurder obtaiging aroatteniidtéd live sotavirabbevaadhiafomnilated tHeRaitrrceut i cal
carrier. 8 16FEB2004 It may al so be advantageous to fornulate the virus of
the invention in |ipid-based vehicles such as virosonmes or |iposones, in

oil in i | M ' bl L5 1l 1vel [ in
addi ti O‘g@{sﬁwﬁmﬁgﬂeﬁh arﬁ?{se '@SE@”?@?%@%@%’%‘ “lﬁtﬁ ¥ Ogévt%% erag\éaf%r vacci nes
may B2 i exdmpieahdrolonébvabiadte ramuitaothervirusisimparionanoted afienaaes viluasd, Usleh
bacterial .toxins, rticul arl cho.leratoxinéCT) in the formof the
hol ot oxi fM lﬁ?&?f?ést‘%ﬂ & VaoFings ofthedneenienavhichoaie descales) hasipbalove 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 WD
96/ 06627 Tha/Dega! in@Mich alswproiies, aliBe attdated Eotdvires Veeting whieh @smhprises ant s whi ch

may advantageously be included are.saponin derivatives such as 21 and
Tonophos SHBEFAIY Fisee vatant soPghan Bdiias Wib auisbis afiouent ar asheRGBISBR caren | pi d
A (3MPL). Purified saponins as oral adjuvants are described in WO

98/ 56415. Saponi ns and nonophosphoryl |lipid A may be enpl oyed separately or

i n combi Reefarably, {he.rofavini®vanihe Giajingsta the inmentidnds & aonoiaisne thtavitu@ekicgmant
systens together .w.th ot her agents. 3D-MPL is a well-known 15 adjuvant
nmanuf actEﬂ'&y”W $R9lE IOl RYBRem Montana and its manufacture is described
in CB
The present invention is particularly advantageous in providing a live rotavirus vaccine in which the
20 live attenuated rotavirus is a human rotavirus and does not cause intussusception.

Suitable pharmaceutical carriers for use in the vaccine according to the invention include those
known in the art as being suitable for oral administration, especially to infants. Such carriers
include and are not iimited to carbohydrates, polyalcohols, amino acids, aluminium hydroxide,

25 magnesium hydroxide, hydroxyapatite, talc, titanium oxide, iron hydroxide, magnesium stearate,
carboxymethylcellutose, hydroxypropylmethyliceliulose, microcrystalling cellulose, gelatin, vegetal
peptone, xanthane, caraghenane, arabic gum, R-cyciodextrin.

The invention also provides a process for preparing a rotavirus vaccine, for example by freeze
30 drying the virus in the presence of suitable stabilisers or admixing the virus according to the
invention with a suitable adjuvant or pharmaceutical carrier.



2122204. A general discussion of vehicles and adjuvants for oral

I mruni sation can be found in Vaccine Design, The Subunit and Adjuvant
Approach, edited by Powell and Newran, Plenum Press, New 20 York, 1995.
The invention al so provides a nethod for vaccinati ng human subj ects,
especially infants, by admnistering to a subject in needgpgggpf an

ef fective anobunt of a vaccine conposition according to the invention.
Preferably the live attenuated vaccine is adni nistered by oral

adm nistration. 25 In a preferred aspect the vacci ne conposition of the

i nvent i indysalso®ersdlatadosits formdlatgnieadrusiofitoe inmemiomirsipidibaeed vehigles ouchak t he
vaccine by ‘acid in the stomach. Suitable antacid conponents include
i nor ganivigosemea ol lipesamss, ie Rhiprater 8MUIFORS orWiyaFrsk Pericley. (ARG T agnesi um

hyd i de My(.OH) 2, . ial il i.ds.. whi . itable f
0 O Mo SRR ke RV AV A B R i i ©
al unkni WhnDEEr0 SRR infNMoSTRARAS ikdhdaldEtesd dins Toxettelady ehdlers RkILE i the wat er
and are given in suspension. 9 1 6 FEB 2004 Al um ni um hydroxide is a

part i culfemlof therhelotexindenticomplesue or e BEhaiasrly el Bang 8¢ herbabilgeslerimxingit o t he

2l avandacoioheMEgRe LT g8, Matn FBIte MRS EEEA L bR A R el e of
the i nvent ioQReatiBedif YANOAOGRDT, AV US/18202NaYS HTEPIBYC aci d carboxyl ate salts.
A preferred antacid in the vaccine conmposition of the invention contains

an organic acid carboxylate salt, preferably a salt of citric acid such as

¢ hat Oy uoe R ostRRES SRl Bl RasohPl Be REfbod de ShocioleMatl 3o s, 2L
the i nsqigmlaag mﬁéﬁagﬁrféryﬂwcm i SdridulafTB-ga e Rited! rﬁ@@@ﬁ%}ancﬂﬂmga AqBE-MPD).

carbonate is able to associate with the rotavirus and the rotavirus
acti vi t Puriiedreapertinsi asede! adjuvanty arhdesahed én WO 8/P641%.t Beronias 82d ci um car bonat e.

7 scous TRsgR ISP T Aty 38 e ool L R A PROMARA L Wi Satrahiahd Vi <o
agent s trﬁh@ﬂbeﬁ&?huié%d%ﬁ!hﬁaﬁl%?ﬂdﬂs paetistaiihadHer 8gets:i BDMFLSs 2 AelPRRUAOp! astic

solution i's defined as a_solution having higher viscosity on standing
conpar eddjugant menvipgwed by Ribiumawnochem, Montana and its manufacture is described in GB

2122204.

A general discussion of vehicles and adjuvants for oral immunisation can be found in Vaccine
Design, The Subunit and Adjuvant Approach, edited by Powell and Newman, Plenum Press, New
20 York, 1995.

The invention also provides a method for vaccinating human subjects, especially infants, by
administering to a subject in need thereof an effective amount of a vaccine composition according
to the invention. Preferably the live attenuated vaccine is administered by oral administration.
25
In a preferred aspect the vaccine composition of 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)s and magnesium hydroxide Mg(OH)».
Commercially available antacids which are suitable for use in the invention include Mylanta (trade
30 mark) which contains aluminium hydroxide and magnesium hydroxide. These are insolubte in

water and are given in suspension.



20 agitation. Excipients of this type are natural polyners such as arabic
gum adragante gum agar- agar, alginates, pectines or sem -synthetic

pol ymers for exanple: carboxynethylcellul ose (Tyloses C(r)),

met hyl cel | ul ose (Methocels A(r), Viscotrans MZ(r), Tylose MHO and MB(r)),
hydr oxypr opyl cel | ul ose (Kl ucel s(r)), and hydroxypropyl net hy bjfel | ul ose
(Met hocels E(r) and K(r), Viscontrans MPHC(r)). In genera]l

pseudopl asti c excipients are used together with thixotropic 25 agent S.

Al ternative viscous agents that nay be used are pseudopl astic excipients
with | omldnhlmummgdromq)aaelpﬂglrcula'rltyqs@‘ermd gonmorm,nt ofta vacging ¢dnipositibn sormmatts at i on,
give rise to a structural arrane resulting in a high viscosity
sol ut i ofeAYENHY! qdeaPIpERMdﬁd‘oE azaqn;,ac@ fitQH'cﬁlsr?ga” afjuventetipnefigetant i ty of
energy needs to be given to the systemto allow flowi ng and transfer.
External energies (agitation) are needed to destroy tenporarily the

st r ugt urddo stitablecforuiseaas @ataeids initie vaccies oftiie inkehtidmara ofghbic dneeibsisichs 30
Exanpl es of such polynmers are rbopol s(r) and. xanthane gum 10 16FEB2004
Thi xot r GfaBicagid .Cﬁ@ﬁ%y tetenA PEiefed aﬁtaﬁldtﬂtt ¥acsiie sermpasitien Ofuhe inventionder

;e SauAt ¢ RAT B by cBRat o S i b B SRR R RD LT B0

m crocrpen‘aad;mm girateel | ul ose and 11% Car boxynet hyl cel I ul ose Na). 5 The
vacci ne conposition of the present invention preferably conprises a viscous
agent selected from xanthane gum or starch. Thus the vaccine corrposition

of e npr f I on

cal o i OaRE ) BEEREA aflaqd Bty etab i VAR ol 86 BB b0 ¢ 1 on
used i nirvletion ivas inselobls inbtgahit yall, caitivrd earborgty (€aC0x). Txae@biem aehAsH and/ or
| act ose.  The vacci ne conposition according to the invention may contain
addi ti oRbE Qe aspdae Wit thefeipyiess 4ad the sotavius é“g'é{'ﬁmﬁ aafntaingd during)ibe @psaciatiaul ar | y
for an %tﬁ"the‘é@ﬁﬁhﬂﬁ%boﬁﬁ'tg bacteriostatic agents. Different presentations of
t he vaccine conposition according to the invention are envisaged. in one
preferred enbodi nent, the vaccine is administered as a liquid formtation.
Pref ra t he 20I| 0gforrmlatlonlsreconstltuted prior to

|y
adnithi st P&fﬁ‘V@’H S¢¢'@ﬁmatﬂon| salelun garbenate Giinge dillag stemmyisaeustagents aye priferbly
CONMPoNeRfechitln thé fhafgamPonent .

Possible viscous agents that may be used include pseudoplastic excipients. A pseudoplastic
solution is defined as a solution having higher viscasity on standing compared to its viscosity under
20 agitation. Excipients of this type are natural polymers such as arabic gum, adragante gum, agar-
agar, alginates, pectines or semi-synthetic potymers for example: carboxymethylcellulose (Tyloses
C®), methyleellulose (Methocels A®, Viscotrans MC®, Tylose MH® and MB®),
hydroxypropylcellulose (Klucels®), and hydroxypropyimethylceliuiose (Methocels E® and K@,
Viscontrans MPHC®). In general those pseudoplastic excipients are used fogether with thixotropic
25  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.
30 Examples of such polymers are Carbopols® and xanthane gum.

10




In this enbodi nent, the virus conmponent and the |iquid conponent are
normal |y present is 25 separate containers, which may conveniently be
separate conpartnents of a single vessel, or separate vessels which can be
. connected in such a way that the final vaccine conposition is

reconstituted wi thout exposing it to the air. Prior to reﬁgnéﬁtd(iﬂutlon
virus may be in a dry formor a liquid form Preferably t

aubous TR EPIHEPRSSCPDL BRI rg@tiﬁ@ﬁ'F%éd'vivﬁi%e@é%@%%'tf?eaté%ﬁﬂ%queth‘Zd' n

using a Phtﬁ)‘d' %xgﬂ@é‘&bf%&%weéxddléﬂ& a%"ﬁ \ﬂéé@ﬁ“@ﬁﬂa@néﬁutﬁ-aﬁmﬁnﬁ\ 5!1(:%@%11(:' iquid

vacci ne fornul ternativel l i"sed virus nmay be
r econst iAigél REGMabbut 8eYemicroarystaiine eeluoss ehdt i% Barbbxymatiiyickl|utoss dla). he
| yophi | i sed virus conposition preferably contains an antacid conponent. 5
Preferably, t he vaccine fornul ation conprlses a virus conponent fornul ated

wi t h cal %&%@B?&ﬁfoﬁgﬂﬁg%@ﬁi ReMEoBtEletaBly 2B iy ﬁéé%@fs&&ﬂ% eft'selttE el and

thIS is er or aqueou utlon pres In the second
conpartm@m&aﬁmawggmm%rgdmm anot her preferred enbodlnent the vaCC|ne

conposition is a solid formulation, preferably a 10 Iyophlllsed cake which
is suitable for immedi ate dlssolutlon when placed in the nmouth. Lyophilised

f or mul atg g “@sﬁg‘%w%?@&‘@”b the B AYLA6Ss S&é%rsiﬁ%foﬂﬁtﬂ%t% whPELSH i 2

phar mac anot er as e I nvention provi

rot avi r ypcal@eh ciBoriate gdaecafﬁtmnmgoﬁq a quick dissolving tablet for oral
adm ni stration. 15 In another aspect the invention provides a conposition

compPising a live attenuated rotavirus strain, in particular a hunman

o e ol SRERER o Sun e Moasiosabecanat o

d| ssol V|sngogea@1de;tr|a@m@rdl ng to the i nvent| on dissolves in the nouth of the
subject sufficiently quickly to prevent swallow ng of the undissolved
tablet. This approach is particularly advantageous for paedl atric

rotavir i f i &’Wﬁ H

r ot avi rﬁemﬁﬁ%g’p?gﬁkﬁ&?&w (?yt o&l{%‘?nv\éhﬁo:dﬁ% %g.ﬂlaih a}@g d sucﬂ as cal cium
car henatig exalple fisvoatmyspaieiatly ugmoralyvascined blaﬂmcgmostam agemts.her aspect of the
present invention is to provide a |yophilised fornulation wherein the virus

Different presentations of the vaccine composition according to the invention are envisaged.

In one preferred embodiment, the vaccine is administered as a fiquid formulation. Preferably the
20  liquid formulation is reconstituted prior to administration from at feast the following two components:
i) virus c_:omponent

i) fiquid component.

In this embodiment, the virus component and the liquid component are normaity present is
25  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

30  component is lyophilised. Lyophilised virus is more stable than virus in an aqueous solution. The

lyophilised virus may be suitably reconstituted using a liquid antacid composition to produce a

11



conponent is any rotavirus strain which is fornulated with cal ci um
carbonate and xanthane gum 30 12 1 6 FEB 2004 Vacci nes of the invention
may be formul ated and adm ni stered by known techniques, using a suitable
anount of live virus to provide effective protection against rotavirus
infection without significant adverse side effects in {§pER4QN), vacci nees. A
sui tabl e amount of live virus will normally be between 104 and 107 flu per
dose. A jjRiviRined@ffiafn. VeI TY lyssHTBEd s hG-b O&ohstinREd wiloRSer & and may
be given in several doses over a period of tinme, for exanple in two doses
gi ven wi aduesus solatirgrinvhich icasecthe yophilBe sifusicempestidnpraierably ibentaibs an amtacidy
havi ng nore than 2 doses, for exanple a 3 or 4 dose reginen, particularly
in devel ®FPRBENountri es. The interval between doses may be nore or |ess
than two nonths |ong, An optimal anmount of live virus for a single dose or
for a nmnultiple dose reginmen, and optimal timng for the doses, can be
ascers ai Preférddly, the sautime tbratiatbnesmphsdsawiliviongpoabrs dormalatediwithfcakitin body titres
and other responses in subjects. The vaccine of the invention may al so
conpr i seCasoAe 384 ¥ANHIINLIYT NePNGiCPTaRMEnber v5EeH ard thisds regenskisted withwater or

di seases E&Us sSﬁSFdW&%eﬂ% {“%\éieﬁhgﬁﬁ%rﬁ@@w“\égd other suitable live virus

. aqu i
vacci nes tor ora mnistra givéen in a separate dose but on
t he sane occasion as the rotavirus vaccine 15 conposition according to the

i nvention. Fi guregque%end for Fi %ure 3 Sera fromtwelve 4 to 6 nonth old
i nfants a8 Reirefiemiodimentps VaRHNe CPRPOSHEN i walid emulatiory prferatily #/acci ne
(19 : ed L i : a - 12C2.
The PhngioishiZafe MiFtE pulsble ireale e ion el Bhcor e it S \Rpfilheli
P33, P38oamdhtitiinayTdoavenizhih besproviddd im thelformios tabletsis apharsiagaitichiciister stick f er ence
in the overall neutralization titers against all three viruses. This
suggests that the conformational and non-conformational neutralization

epi t opes ; I i . ti-P33
sera of Iggéot@ggﬁgwggg?rﬁp gﬁﬁs}&%ﬂmo S g%,[r\]/a i"ﬁ)enf[’ﬁgﬁ]%“é‘ﬁﬁddﬁéih@gi%b t hat
t he neutfoedralzdiningtratiepi t opes revealed in this in vitro assay were not

al tered between P33, P38 and P43. The range of neutralization titers of

P89-P2C2 however si gnificantly differs from P33, P38 and P43. 30 This

ot ol | ot SSRE e bEHhio) BBAR MREAPInAR 2 SBRL AR
recogni zstinbipt pattieularathumBs Btsdusstedin, RE&rematwogonaiosition is a iyophilised solid capabte

of immediate dissolution when placed in the mouth.

20 Preferably the quick dissolving tablet according to the invention dissolves in the mouth of the
subject sufficiently quickly to prevent swallowing of the undissclved tablet. This approach is

particularly advantageous for paediatric rotavirus vaccines.

Preferbaly the virus is a live attenuated human rotavirus which is formulated with an inorganic

25  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.

30
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131 6 F EB 2004 infants. This observation indirectly suggests that the
neutralization epitopes revealed in this in vitro assay were altered
bet ween 89-12 02 and P33, P38 and P43. The follow ng exanples illustrate
the invention. 5 EXAVPLES Exanpl e 1: Denopnstration that i%r[__%lﬂ?z 89-12 at

passage 26 (P26) is a mxture of variants 10 Sequenci ng Wand vP7
genes fromdifferent passage |ots Sequencing of VP4 and VP7 genes from

passage %@cufeebf YerfiGag 8k IothuiatB@ 8 SRemifred bFRAGH heltifled ASingpPOsed to
Al ety g

pri mary) 1 ne), passage P4l passagé P43 was ' per med. Tot al
RNA ext ramtabierammamofIe:eefrrsaetotprcandseﬁedﬂe&jpratechoarnghﬁlradwtdsnm:fe[gnbn Witkut n one 15

t ube/ t d. Rot 29bis anplified th t VP4

one o sBhifta; &G 5o R @@P%ﬁ@%@@ega%Pw'&ab@@wet'cé'meq Vs Y PORatEDe The

PCR mat efLike AR JRESH rRGEHERECH 1 nes@'b Va8t haptd f§1é§—eﬁJ6ﬁJ 'as 20
bas

The passage P26 sequence diftere romt e passage sequence es
(at pbsi andmey Bdiven i7 Seeahdos@®avep periomiof tihe, fot axmpledn Mm)ddsesgﬁéﬁv&md by

t hree bases in @ﬁ@él@% 605 nd 897 b ,f m the start codon). 25 The

passage - D¥&MY sfie may We%ltf‘f’do Saving mﬁ[ﬁ‘ﬁ@%@%d%&lf@r%ﬁ@me he

pr esence ,0fo 4 3g.. BARSA nPaén RRLERAR %éunﬁ!e ATHO U berl PUPadsbs KOS Seen
Be regimeR! tarcttan i eVeltofng e e betyetdcses eV bes 5

t hat passage Xt ur east vari an

sequence nReBeTess mmt\hmnmolgbmbngs Armp‘tlﬁé[ andntod ties oge Iflﬂ@@gfem‘osé/ﬁ’rﬂor(é ee 30
Table 2). 14 ? 6FEB2Q Passage P320§der| ved from passage 33) was passaged
5 times GWIUNROESERIMEN. A4 OEW’B I“W‘B feedosesa pan Besasceital yStrndypetudieguences

as Pa§sagRoling obsefMont bhtidoby Rres aldUfert B bisedarsubfctal O

The vaccine of the invention may also comprise other suitable five viruses for protection against

other diseases, for example poliovirus. Alternatively other suitable live virus vaccines for oral

administration may be given in a separate dose but on the same occasion as the rotavirus vaccine
15 composition according to the invention.

Figure Legend for Figure 3

Sera from twelve 4 to 6 month old infants vaccinated with the P33 material as described in the
20 Vaccine (1998) paper were tested for neutralization of P33, P38, P43 and 89-12C2.

The range of neutralization titers of all the tested sera is similar 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 conformationat and non-conformational neutralization epitopes of

25 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.

30 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
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change in popul ati ons between P33 and P38. 5 TABLE 1: Qi gonucl eoti des used
for RT-PCR and sequenci hg nanmesequenceposition VP7Rota 1GGC TTT AAA AGA GAG
AAT TTC CGT CTG G 49 to -22 Rota 1 bisGGI TAG CTC CIT TTA ATG TAT GGI A-16
to 10 Rota 2bi sGGT CAC ATC GAA CAA TTC TAA TCT AAGL014-98 CAA GTA
CTC AAA TCA ATG ATG &66-287 Rota 12TGI TGA TTT TTC TGT lc372- 394
Rota 46GGT TGC TGA GAA TGA GAA ATT AGC TAT651-682 AGI GG Rota 18CCA CTA TAG
CTA ATT MGntsCRYs qSErvaiBiadirectylsughestsQia! iRdfialraiz AEEEpIGHES RR6aI6AT T H WifbA GAC
A2-23 Rota 6ATT TCG GAC T -859 Rota 5bi sTGG CTT CAC TCA TTT
ATA eac 19eB PR B as Yo Cane BT IRAIOTAR GCT ACB78. 656 Rota 25GCA GTA
GTA TAT GAA AGT ACA AAT AAT268-296 AG Rota 26CTA TTA TTT GIA CTT TCA TAT
ACT ACT CC296- 268 Rot aTCG ATA CAG TAT AAG AGA GCA CAA Gr21-745 27bis Rota
28TTC ATTheAolowing@xaieleT dTstGEThARRenids/53- 727 Rota 31GTA TAT GTA GAC TAT TGG
GAT Gl048-1070 Rota 32CAT CCC AAT AGT CTA CAT ATA C1070-1048 Rota 45TGT AAC
TCC AAA ATG CAA CGl205-1227 Rota 53CGI TGC ATT TTG CCG GAG TTA

CA1227- 1205 Rota 54GTA AGA CAA GAT TTA GAG CGC CAl1465-1487 Rota 55TGG CGC
TCT AAA TCT TGT CTT AC1487- 1465 Rota 40CTT GAT GCT GAT GAA GCA GCA TCT
G1703- 1727 Rota 39CAG ATG CTG CTT CAXAMPLESAT CAA GL727-1703

Example 1: Demonstration that strain 83-12 at passage 26 (P26) is a mixture of variants
10

Sequencing of VP4 and VPT7 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 ling), passage P41 and passage P43 was

performed. Total RNA extraction was reverse transcribed and amplified through PCR in one
15 tubefone 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).

20
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).

25  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
30 Table 2).
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Rota 33CGA TCA TAT CGA ATA TTA AAG GAT (2008-2032 Rota 34CAT CCT TTA ATA
TTC GAT ATG ATC (032-2008 Rot aAGC GIT CAC ACA ATT TAC ATT GIA (&335-2311

29bi s TABLE 2: oligonucl eotides used in hybridizati on name seqguence
position 15 1 6 F E B 2004 VP7Rota 41AGT ATT TTA TAC TAT ﬁg &GA TTA TAT
TAA882-913 TC Rota 42AGI ATT TTA TAC TAT GGI' AGA TTA TAT é 813 TC
VP4Rot a 15ATC CCC ATT ATA CTG CAT TCC TTT C807-783 Rota 16ATC CCT ATT ATA
CTG CAT TTC TTT C807-783 Rota 35ATC CCC AU ATA CTG CAT TTC TTT C807-783
Rot a 36ATEs@ay PAG tderven fiompagsege PeovasrrsEa0s¢ Stigws vh¥etvastssandidisplayediheol d

type In

VP7. 5 T&%ﬁ%g%l %f

bp788 bp@

s
P26 AG AG AACI TA

5  TABLE 1: Oligonucleotides used for RT-PCR and sequencing

name sequence position
VP7 | Rota i GGC TTT AAAAGA GAGAATTTCCGTCTG G | 4910 -22
Rota 1bis | GGT TAG CTC CTT TTAATG TATGGTA -16 10 10
Rota 2bis | GGT CAC ATC GAA CAATTC TAATCT AAG 1014-988
Rota 7 CAAGTACTC AAATCAATGATG G 266-287
Rota12 | TGTTGATTT TTC TGT CGA TCC AC 372-3%4
Rota 46 GGT TGC TGA GAA TGA GAA ATT AGC TAT | 651-882
AGT GG
Rota 18 CCACTATAG CTAATT TCT CAT TCT CAG 682-651
CAACC
VP4 | Rota5 TGG CTT CGC CAT TTTATAGAC A 2-23
Rota 6 ATTTCG GAC CAT TTATAACC 878-859
Rota 5bis | TGG CTT CAC TCATIT 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 CTATTATIT GTACTT TCA TAT ACT ACT CC | 296-268
Rota TCG ATA CAG TAT AAG AGA GCACAAG 721-745
27bis
Rota28 { TTCATTAACTIGTGCTCT CTTATACTG 753-727
Rota 31 GTATAT GTAGAC TATTGG GAT G 1048-1070
Rota32 | CATCCC AAT AGT CTACATATAC 1070-1048
Rota45 | TGT AAC TCC GGC AAA ATG CAA CG 1205-1227
Rota 53 CGTTGCATTTTGCCG GAGTTACA 1227-1205
Rota 54 GTA AGA CAA GAT TTA GAG CGC CA 1465-1487
Rota55 | TGGCGC TCTAAATCT TGT CTT AC 1487-1465
Rota 40 CTT GAT GCT GAT GAAGCAGCATCT G 1703-1727
Rota 39 CAG ATG CTG CTT CAT CAG CATCAAG 1727-1703
Rota 33 CGATCATAT CGAATATTAAAG GATG 2008-2032
Rota 34 CAT CCT TTAATATTC GAT ATGATC G 2032-2008
Rota AGC GTT CACACAATT TACATT GTAG 2335-2311
29bis

TABLE 2: oligonucleotides used in hybridization

f d

QoEald e sohfehch sl sacernsTREMERER neR Th B heR el it
ulBieR e8P PIDandIFER. as263 as268 as36 as202 as299 as

GWK P33TAAGQ AT/ CA/ G AGWK

| name

| sequence

| position

}
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P38TAAA/ GTA A VERO P43TAAATA (VERO 10 N.B. In a second clone fromthe 3

cl ones which were devel oped to the | evel of production |ot, the VP7 897 bp
position nucleotide is G rather than A as in the P43 selected clone. This
results in a nethionine in place of an isoleucine in thimm@aci d--

sequence. Variants corresponding to both the selected and the
clone inwhich there is a Gin VP7 at 897 bp fromthe start codon, 15 were

excret ed YRV t heRstaddl s of iMHMﬁWdNWTQ@@DA@ﬁWh%WWI”BE}ms“
material{. In Table 3.1, wherme there are two alternative bases] at” a
particulfar pos|Rp@ the fijn e Al t basle, %

appears [in a mpj or popul ati %ITAWS'T'TEG secgn%gfé%?ﬁgkgrﬁgm%n' h88 e gears I n
a mnor otatEon——=ivajor HReF—varant—populations_are_jlidged by} t he
strengt H 2hRPd s gnal {5&&{% c‘ﬁ CTG 6AT T6CHAER ©004 3. 3 804887 501
bp788 bg802 bplB@taHEGOS bpzséfc A7 AAGTS 68DEBCATTE as202 s&ty%as

P26Leud|y/ A ud §etAB§Ar gThr %@ICIC@ ARG CTE BRAAECUAT gAr g/ Ar g Tl ile/ Met

(AGWK) P38Phed Betaghr g/ Ar g MATGECTIATE ATERTGPEAPTeCTIAAr gMet | '@7\@@ Tabl e
3.2 shows the am no acid changes resulting fromthe nucleoti riences
bet ween the variants.

The bases shown in bold type in Table 2 are the sites of specific sequence variation in VP4 and

VP7.
5
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 CI/T A
(AGMK)
P33 T A A G /A T/C
(AGMK) A1G
P38 T A A AlG T
(VERO) o/
P43 T A A A T A
(VERO)
10

N.B. In a second clone from the 3 clanes which were developed to the level of production lot, the

VPT 897 bp position nucleotide is G, rather than A as in the P43 selected clone. This resultsin 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,
15 were excreted in the stools of infants who had been vaccinated with the P33 material.

In Tabie 3.1, where there are two alternative bases at a particular position, the first of the two
represents the base which appears in a2 major population and the second is the base which

appears in a minor population. Major and minor variant populations are judged by the strength of
20 the signal in sequencing.
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TABLE 4 VP4 ( 788 -802 positions)VP7 ( 897 position) G GA-AA- GG AAG
ProbesRota 15Rota 16Rota 35Rota 36Rota 41Rota 42 Passages P26+++ndnd P33++

++ P38- +- +++ P43+- - +-

sl ot bl ot hybridization.
RT/ PCR were hybridized with oligonucl eotide probes specific for each

10 Sl ot blot hybridization The change in popul ations
bet ween passages P26 to P33 on AGW cel ls has been furthe
The VP4 and the VP7 gene fragrrents

med by

§ R e by

vari ant éfee Table 3.1 and 3.2). In 15 contrast to P26 which hybridi zed
with Ro ; —w+h—Re-t—a—ﬁa—(—he—¥P4—FCR
fragne of the P33 nat¥d at hﬂQIflﬂrlQ 738 and 8 7h\/ ridizedlonly with
Rota 16 and not | wb@bpei | héB8 Bt & B8626p Rot 83 of B kp 36. BBR&Be [esults
est abl ijshed the pré&lesce| o6hsa | easdbB83a VarBdets § n202&k (seedFabl ¢ 4). 20
For the POECR ragénent OGidIe 3% erfi-al porgPOs| tTipMeB9T hyfy 1 diized with
Rota 41 a taj 4 hese resul ts estalyli shg the presence of at{ | east
two var fahts—+n hc P33 vetet+eat1—17 16F B200A—FExan 2 L.an and
char actler i Za8i on| of Piéhe P43 ong 5 Pf IﬁgggrgPSS BWBnPn?
honogeneolSMY us oopul ation thiee pnri rnl nt dillitions of P33/ Ar on
Vero cel | sP3ere perPle mefd afdlt hé re¥al tijngveiraus| wadetised tMetllaf ect Vero
cells. PosJERO)E el ls were selectled using two criteria: giowh denpnstrated
by the [argggl nunbpfe of | Togg)y det eqqrgd In t wel | sMend fhe post | sol at ed
positive WFP@) oh the plhates, as|is donejclassically. After 10 3 end
di | uti orpassages—Tm 96— wett—TmcrotTter prares, 10 posSitIVE Wells re
anplifie essi vel Ver grB d Based
on vyi el d‘fj bfe?géhq{qsd%émo%?%d ﬁ'@{}%q% séjgmgﬂ gisezﬂé@g&%g&kﬁeg J},Sq;@&eé@ on | ot.
variants
?
TABLE 4
VP4 ( 788 -802 positions ) VP7 ( 897 position )
G-G A-A A-G G-A A G
Probes | Rota 15 Rota 16 Rota 35 Rota 36 Rota 41 Rota 42
Passages
P26 + + + nd nd
P33 + ++ +
P38 + . + ++
P43 - + - - + -
10
Slot blot hybridization
The change in populations between passages P26 to P33 on AGMK cells has been further
confirmed by siot biot 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
15 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 resuits established the presence of at least 3
variants in P26 {see Table 4).
20 Forthe VP7 PCR fragment of the P33 material, position 897 hybridized with Rota 41 and Rota 42.

These results established the presence of at least two variants in the P33 material.
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| mmunor ecogni ti on by pol ycl onal anti bodi es was shown to be simlar both
between the three 15 cl ones and between the clones and P33. Honopgeneity of
the cl ones was_assessed by slot blot hybridization. The final selection of
a single clone was based on yield and sequence. The sel ected cl one was
anplified by successive passages on Vero cells to generah@FEBNM$ter seed,
a Wrking seed and finally production lots. 20 The sel ected cl one was
genetically characterized at different 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 materials. The sequence of the VP4

and VP7 Beingse 2f IsohtioP43d BRdresteddation Bfwlb‘PQ@cldn@ Figures 1 and 2
respectively and are identical to P41 5 Honmogeneity of the selected clone

was assessed by a selective hybrldlzatlon using oligonucleotide probes
di sc e es in VP4 and/or VP7 regions for each
vari z-’islnt f"déﬂ@???g@ ﬁrﬂﬁasg ﬂﬂ%ﬂ?ﬁ?% Vs WB(BB‘?W HEgaendamat dsdienstatbl e 4) . 30

The VP4 B33AQmmO 35
Rota 36. Fr’18 1 GB?E%@%%Z@%W\%@E%%&% b@%?’é\ge%ggwpﬁh%\?%{%i’ Sand ot

with Rota 42. These results confi rrred that P43 is a honogeneous popul ati on.
5 Exarrpl - Renoval oten advent tious virus Ether was added to P33
(AW oriasilye VERZER et BB cronteh 6roroth Sempnsyeted e Imgnesmumber i een

bubbl ed detéctediid the WaIis 6 tROm&St Boi t 3 sepd vas
observed. 10 Exanple 4: For nul Fati Pgﬁb%@%f%”e hgteb atéér?uéf'é@%ﬁﬁﬁsﬁéﬁm{‘@af

pr odict iendidiution passegesie 86 welbmisratiteeplbtes, 0lpasithet Wells weredmsided %Eéﬁfvél?n to

i nfants 15 fo od. 1. Lyophilised virus Standard

t echni qL?BX/eth%ellﬁg%ev]a Ptegnﬂ’égﬁﬂyﬁ -virus doses. Frozen purified viral bulk
is thawed and 20 diluted with appropriate medi um conposition, in this case

Dul becco's nodified eagle Medium up to
Based on yield, three clones were developed to passage level of production lot,

immunorecognition by polyclonal antibodies was shown to be similar both between the three
15 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.

20
The selected clone was genetically characterized at different passage levels by sequencing of VP4
and VP7 (identity) and by specific siot blot hybridization of the VP4 and VP7 (homogeneity) of the
PCR amplified materials. The sequence of the VP4 and VP7 genes of the P43 material are given
in Figures 1 and 2 respectively and are identical to P41,

25

Homogeneity of the selected clone was assessed by a selective hybridization using oligonuclectide
probes discriminating nuclectide changes in VP4 and/or VP7 regions for each variant identified
during sequencing of P26/primary AGMK (see Table 4).

30 The VP4 fragment hybridized with Rota 16 and not with Rota 13, Rota 35 or Rota 36.
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a desired standard viral concentration, in this case 106.2 ffu/m . The
diluted virus is then further diluted with Iyophilisation 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 conmposition are aseptically transferred to 3 m vibbSEBEMEN vial is
then partially closed wth a rubber stopper, the 25 sanple is freeze dried
under a VagVBMNfragrient hybatizedswithtiRote 4 LaddnotWitsRdadR@d an al umi nium cap is
crinped in place around the vial to keep the stopper in place. For use, the
virus is reconstituted using one of the follow ng antacid reconstituents:

virus i | usi ng one of the fol l owing antacid reconsti
ter il 2ot F R P s OB RLE Boidon, T, 2371 T T econet |t uent

containers in 1.5 nl anmounts at a concentration of 544 ng Na3Citrate.2H20
per 1.5ml 19 1 6 F E B 2004 dose. The reconstituent containers nmay be for
exampbe 3 nl vials, or 4 m vials, or 2 m syringes, or soft plastic

squeezabl ul r.¢oral . 1, 0 jon. As an alternative to

mai nt ai niﬁ@ﬁ@?éf |q%§’ongloq{%8ﬁhﬂﬂggh%§¢°h§w&?$I e conditions, the final

cont ai ner can be autoclaved. 5 (b) Al (OH)3 reconstituent An aseptic

al um ni um hydr oxi de suspension (Mylanta -trademark) is aseptically diluted

i n steri [E&er was added Bt AGMKIgrown) toasiinat soseentretianeaf 8B%tiort Iuwn Etheowasdherer s (f or

arount o 2uBeoRh VP Bmi ok wheliyfe iU PBE RS IRIE ng” Steriie
conpement s under sterile conditions is to y irradiate the alum nium

hydr oxi de suspension 10 (preferably at a diluted stage). Standard
ingredients are included to prevent the suspension fromsettling. Such

standardg,l di i NC f . ragnesi um st ear at e,
car boxyngf(é]r@ﬂégr IFS’P%@%{,'% ﬁ?ﬂﬁ%ﬁ%’?‘%%ﬁﬁ | cel lul ose, mcrocrystalline

cel lul ose, and silicone polyners. Bacteriostatic 15 agents for exanple
but yl par aben, propyl paraben or other standard bacterjiostatic agents used in
food, andhg Pragkstien fatydesqrged aoweangdomyiateddereral admingtaasian fo infents by fhes wi t h

Al ( 3 i L O ornmul ati on 20 Standard techni ques are used for preparing
vi r@do@%&h@rﬁgﬁjﬁi purified viral bulk is thawed and diluted with
appropriate nedi um conposition, in this case Dul becco's nodified eagle

Medium up to . .a desired standard viral concentration, in this case 106. 2
ffu/ m. il roxi de suspension is

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is thawed and
20 diluted with appropriate medium composition, in this case Dulbecco's modified eagle Medium, up to
a desired standard viral concentration, in this case 1082 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 1056 ffu/dose. 0.5 m! aliquots of stabilised virus composition are
aseptically transferred to 3 mi vials. Each vial is then partially closed with a rubber stopper, the
25  sample is freeze dried under a vacuum, the vial is then fully closed and an aluminium cap is

crimped in place around the vial fo keep the stopper in place.
For use, the virus is reconstituted using one of the following antacid reconstituents:

30 (&) Citrate reconstituent

Sodium citrate is dissolved in water, sterilized by filtration and aseptically transferred into

reconstituent containers in 1.5 ml amounts at a concentration of 544 mg NasCitrate.2H,0 per 1.5ml
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added to reach a final quantity of 48 ng/dose and the virus conposition is
diluted with Iyophilisation stabiliser (sucrose 4% dextran 8% sorbitol
6% amno-acid 4% up to the target viral titre, in this 25 case 105.6
ffu/dose. 0.5 m aliquots of stabilised virus conposition are aseptically
transferred to 3 m vials. Lyophilisation and closing of the vials is then
carried out as described in part 1. 3. Lyophilised virus mgthgagp{O)3 for
bl i ster goses&ne eeronstitus® containerameiytbe ddnekampes3 mi dalsioed nfl oials porairsyfgey  us
doses. Frozgn urified viral bulk is t,ha&d and diluted with appropriate
modi um CHRBREREICRUSEZAVIE FaSuies 6 Ol FIRBEHIEN. AscTalemeiade BRNENTBREED (o 20
16FEBC%Q,§B,6 | ; Iaal i Ln this case 106. 2
ffum. A umnﬁ}%mglﬁ?noli?@gﬁgﬁg;t)ﬁeén@laigﬁﬁtlg@&%ggggém cgavre g‘ach a final quantity
of 48 ny/dose and the virus conposition is diluted with |yophilisation

stabili SEE l@l gh mag_be sucrose, dextran or am no-acid 4% or gelatin, or
vege15al [fe L hane up to the target viral titre of 1056 fl u/dose.
An asept hiid 4 90 o Tl t . of 0.5 m or
T A R i e e L N e S T v
the bl i swater, sseplidalleBarsfenes aakeshstivert betaas g@akarige 2 apwr;ag@d, bys&tgp?daﬁ@r d

e

I ngredients are included to prevent the alum nium hydroxi suspension from
set t | i ngaueRzable seravleskia 2imi gmednts pach comtaining 48 merABkismAneitemativeds usingst ear at e,

10 carb I . ; | met.hyl cel l.ul ose I crocrystalline
col | ul 0SB bEF B Sat YR L RE BFath e Smla Blernie nidbensin.

Examgl e (brefdriftiatiarditey stagd). titration for various fornulations 15

5. 1: Conpari son between | actose and sucrose based fornulations: Viral titer

before Viral titer after Batch nFonulation
Cp s BRI AR AR bR AR SR S anisnt s 26
ingredients include for example magnesium stearate, carboxymethylcellulose,
hydroxypropylmethylcellutose, microcrystalline cellulose, and silicone polymers. Bacteriostatic -
15 agents for example butylparaben, propylparaben or other standard bacteriostatic agents used in
food, and flavourings, may also be included.

2. Lyophilised virus with Al(OH}s in liquid formulation

20 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 1052 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 8%, sorbitol 6%, amino-acid 4%) up to the target viral titre, in this

25 case 1055 ffu/dose. 0.5 ml aliquots of stabilised virus composition are aseptically transferred to 3

mi vials. Lyophilisation and closing of the vials is then carried out as described in part 1.

3. _Lyophilised virus with Al{QH)s for blister presentation

30 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

20



- 9BA06103Sucrose: 2% 10 5.281 0 4.92 Dextran: 4% Sorbitol:3% Am noAcids: 2%
20 P43 rotavirus was formul ated either wth sucrose or with | actose as
shown in the table above. Viral titration before |Iyophilisation is the
viral titre in the conpleted fornulated liquid (containi n% sucrose dextran

sorbitol am noacids) and without the |yophilisation step A5f EBoltt resul ts
are those in which a <O0. 5 Iog decrease at the |yophilisation step and <0.5

hobi eved 7S Habdbh §3beonderREN P s e 1ORTER AD Rl hyR e stspeions gﬂﬁd
+ or - 0. é’ddb@ﬁb rea'éh% ﬂn@ﬁdﬂaﬁtﬁy bfm@'nfgﬁ’dc@e bitRthe GiHG OB SosTRY istifiutds Sln ly@ﬁ’ﬁh@ﬁﬁt

| act ose. fect of arginine and repl acenent of sorbitol
Bat ch noFsiabmsbawm:mmmWsnose daxﬁan@r aming-ecid 4%, mrugmtnmpevegmat pépumetcer after

f | h' | 37C 98|16/ 01L 2% 10
2 810 4 ghepioans apiohy R el G b S Riors alf GieoBo 6 cpeRbR B e iRI0g 10
4. 810251 0 4%1% ﬁ&eggj’ 3 4[@ f?é?érabgrgi?esﬁg‘b%?é“cbﬂﬁesZ%ebﬁc%ﬂbblﬁéh is §ibhilised, and

981-1 tose: xtran
the blister cavities are sealed by thermic sealing.

Optionally standard ingredients are included to prevent the aluminium hydroxide suspension from
seftling. Such standard ingredients include for example magnesium stearate,
10 carboxymethylcellulose, hydroxypropyimethylcellulose, microcrystalline cellulose, and silicone

polymers. Flavourings may also be included.

Example 5: Rotavirus viral titration for various formulations

15
5.1:Comparison between lactose and sucrose based formulations:
Batch n°® Fomulation composition | Viral titer before Viral titer after
tyophilisation lyophitisation and 1
week at 37°C
98G06/01 Lactose:2%; 10 52 10 467
Dextran:4%;
Sorbitol:3%:;
AminoAcids: 2%
98G06/03 Sucrose.2%; 10528 10482
Dextran:4%:
Sorbitol:3%;
AminoAcids:2%
20

P43 rotavirus was formulated either with sucrose or with lactose as shown in the table above.
Viral titration before lyophilisation is the viral titre in the completed formulated liquid (containing

sucrose dextran sorbitol aminoacids) and without the Iyophilisation step.

25 Good results are those in which a <0.5 log decrease at the lyophilisation step and <0.5 log
decrease during the “1 week at 37°C" {accelerated stability test) are achieved.
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Maltitol : 3% Am noAcids: 2% Ar inine: 3% 10 The results denonstrate that the
addition of arginine (which is known to inprove the stability of the virus
during lyophilisation and al so provides a basic nmediumin order to
conpensate for the stonmach acidity) maintains the viral titer. Sorbitol
tends to decrease the glass transition tenperature of they FRBBN | i sed cake
by too great a 15 degree. This can be overcone by using nmaltitol instead

of sorbi'[mlpr@gioﬁmm vidl avationischrdung +\or @2 jod.iter is still maintained. 5.3:
Various formul ati on conpositions 20 This experinent denonstrates that a

nunber of fornulations are possible. 22 1 6 F E B 2004 Bat ch noFonuf ati on

conposi tyonViral t] I r._lyophilisationlyophilisation
and 1 we r5§uft§$@E@§%%i%%g%@gg@%bs;%tr&sgerag%%%s% 07 Dextran: 4%o;
Sorbitol:3% Am noAcids: 2% 99C1l 1102Sucrose: 2% 10 5. 0910 4. 92 Dextran: 4%y;
Mal tigt ol : 3% Am noAci ds: 2% | 99C11104Dextran: 4% 104. 89105. 06 Maltitol : 3%;

Am noAci ds: 2% Bat ch noFonuf ati on conpositionViral titer at time = zeroViral

titer affproatt cr LuoplL|ald ARhySRBH TS} hdlednd 1

Batch n® Fomulation composition | Viral titer at time = zero | Viral titer after

after lyophilisation lyopjhilisation and 1
week at 37°C
98L.16/01 Lactose:2%; 10 48 1048

Dextran:4%,
Sorbitol:3%;
AminoAcids: 2%
98L16/02 Lactose:2%; 1048 1049
Dextran:4%,;
Sorbitol:3%;
AminoAcids:2%
Arginine: 3%
98L16/04 Lactose:2%; 1047 105
Dextran:4%;
Maltito!:3%:;
AminoAcids:2%
Arginine. 3%

10 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.

Sorbitol tends to decrease the glass transition temperature of the lyophilised cake by too great a
15 degree. This can be overcome by using maltitol instead of sorbitol as shown above and the viral

titer is still maintained.

5.3: Various formulation compositions
20

This experiment demonstrates that a number of formulations are possible.
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week at 370 99C17101Sucrose: 2% 10 5.4010 5.41 Dextran: 4%; Sorbitol:3%

Am noAci ds: 2% 99017/ 02Sucr ose: 2% 10 5. 30104. 93 Dextran: 4% Sorbitol:1.5%
Am noAci ds: 2% 99C17/ 03Sucr ose: 2%; 105. 31105. 24 Dextran: 4% Am noAci ds: 2%
99C17/ 04Sucrose: 2% 104. 42104. 45 Dextran: 4% Maltitol: 3% Anm noAcids: 2%
99017/ 05Sucr ose: 2% 10 4.39104.40 Dextran: 4% Maltitol: 1.194E0MhoAci ds: 2%
99C17106Sucr ose- 2% 105. 44104-97 Dextran: 4% Sorbitol: 399;

99C1710 €: 2% 10 5 an: TRIF01 © 1. 5Va, 1 p FEB—2604
5. 4. ASS(:)BcﬁE%h?i&on bet ween E%ﬁjg?/ti%?ﬁgﬁgdﬁﬁﬁﬁl ?@Eﬁ%ﬁégi d: m"'r‘m.";e*?ﬁ”

Rot avi r usAl (OH) 3H2CCont agt ti meCentri f uggti1 onSupér nat ant Pelleggﬁ'g?ﬁ,n and 1
89C11/01 Sucrose:2%; 10 524 10 507
Dextran:4%,;
Sorbitol:3%;
AminoAcids:2%
99C11/02 Sucrose:2%; 10508 10 492
Dextran:4%;
Maltitol:3%;
AminoAcids:2%
99C11/04 Dextran:4%; 10 49 10 506
Mattitol:3%;
AminoAcids:2%

Batch n® Fomutation composition | Viral titer at time = zero | Viral titer after
after lyophilisation lyophilisation and 1
week at 37°
8aC17/1 Sucrose:2%; 10 540 10 541
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
99C17/02 Sucrose.2%,; 1) 5:30 10483
Dextran:4%;
Sorbitol:1.5%:;
AminoAcids:2%
99C17/03 Sucrose:2%: 1033 10524
Dextran:4%;
AminoAcids:2%
99C17/04 Sucrose:2%; 1) 442 10 445
Dextran:4%;
Maltitol:3%:;

/ AminoAcids:2%
99C17/05 Sucrose:2%; 1043 10 440
Dextran:4%;
Maltitol: 1.5%:
AminoAcids: 2%
99C17/06 Sucrose:2%; 10 5.4 10 497
Dextran:4%:
Sorbitol:3%:
99C17/07 Sucrose:2%; 105m 10 4.88
Dextran:4%;
Sorbitol:1.5%;




at roonviral titer inviral titer in tenperatureffulmffulm 210 56 ffu/m 48
ng in0.76 m 30 m n8000rpm 10 3-6b 0.240mM 10 min 10 5.6 ffu/mM 0.48 ng in0.76
m 30 m n8000r pm 10 4.41 0.240m.10 min 10 5.6 ffu/mM 1 m 30 m n8000r pm 10
5-68 10 mn Rotavirus inl2 ng inl.380mM30 m n8000r pm Bel q\g’n?@cﬁ@‘t ionl0 4.7
Lyophi | i sed0. 120nL10 m n1l Cakel- 5 AI(OH)3 is used as an Thi s
shows that Rotavirus is associated with the insoluble inorganic salt

(Al (OH) 8): Adsbsiation b&webn Rbtagieds ampAKOH): amatild: t he Al (OH) 3 (decrease of viral
activity in the supernatant). 10 5.5 Dissolution of A (OH3 antacid by
SodiunCitrate before viral t|trat|on Viral

I

sanpl esbrsseluti-enrCondtti-ansy 998] ||\.| —5ntt
Na3Ci t rgl FaB3n gt M(P@u C11 faﬁ ey Etk Ee“l)fu?guéhlet e ,rh%ig z%)"ut II i sat/i on;
105. 43/ 99B10104: | yophi | i zed1. emw 3G {rate24h at 5805 43t enn
rature rer-Ret-av—+tis uwatcu h—tre—A T “ussib'eto
“T703 >V :
| yophi TO sﬁ’ T Fzggmﬁfg (I Q‘\?&ml.lld g ™ he AEO?% 'Pd:fw I yoph| lisation, jit is
possi bt th tHs—y d 17g H”‘")S HA—TSediurc- at e.
Thi s stgl_ps 'H‘{% roﬁwgéi’mge t"he %@%vi cub PR of o hIOYS activi ty aftef this
di ssol pigrpprter =024y 30 min BOGOrpm. 10568
10 min
Rotavirus in 12 mg in 1.380mi | 30 min 8000rpm, Below detection | 1047
Lyophilised 0.120ml 10 min
Cake
S

Al(OH); 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 Al(OH); {decrease of viral activity in the

supermatant).

10
5.5: Dissolution of Al{OH): antacid by SodiumCitrate before viral titration

Viral samples Dissolution Conditions Viral titers ffu/m|
99B10/06 liquid 1.5ml Na;Citrate 24h at room 10518

formulation before temperature

tyophilisation;

10 543

99810/06:lyophilized 1.5ml NasCitrate 24h at room 10 453

1054 temperature |

15 When Rotavirus is associated with the Al{OH)s, it is possible to yophilise everything (including the
Al{OH)s). After lyophilisation, it is possible to recover the Rotavirus by dissolving A[{OH)3 in
SodiumCitrate. This step does not damage the Rotavirus and retains its activity after this
dissoiution step.

20
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1 6 FEB 2004 5.6: Infectivity of Rotavirus after |iberation of the

Al (OH) 3- Rot avi rus associ ation: The nechani smof virus |iberation (by

di ssolution of the carrier) may very well occur in vivo. Indeed below pH

6, al uni ni um hydr oxi de beconmes conpl etely sol ubl e, and t hdshEpRegavirus wil
be liberated 5 in the stomach. AA(OH)3 + 3 H ----?2 Al... (water soluble)

+ 3 H20 In the stomach, Al*" ions are not absorbed ( J.J. Powell,

R Juadaokel ok ot T e e WRMERMA LRI o,
Society (1999), 58, 147-153). In the intestine, due to the-increase of pH,

i nsoluble fornms of alum niumare precipitated (AI(OH)3 or Al PX), and
el i m nat &oe mpchanemmémms;kberw (by gisgostiom thevaarn enaryeferym@ on@mywvroohm

Rot av! b AHE: B ols: Bt Beiinss oo @Rk e a5 T8 Jeflfs o Be thdted ' ©

Al ( OH) 3- Rk ¥tbimbh. assom at ion itself. Liberation of Rot avirus fromthe
Al (OH) 3- Rot avi rus associ ati on by other nechanisns is also possible.
Lysi ne, for exanpl e interferes with the viral adsorption on Al (OH)3. 20

Gt her anions |i e, 2 n nd phosphate are known to be
specifically ad‘g ﬁ‘h "'%I hlm ka‘f"zﬂ @@O)maé ﬁiﬁ thus, theoretically, it
shoul d be possible to di spl ace (by conpetition for the adsorption site)

Rotavirus fromthe Al (OH)3-Rotavirus association. 25 1 6 ~ E B 2004
DRVCO03AHghe &tﬁmag\ AII(*dnﬂ)s:arei mot ebsot@difl).J. Powelh R.JugdaohsingteandiR B$0 Thompddd) 30

mn {%Oomrhe regge P ation of zriat! ét?sorptfon m%éo gas&omtestmaf track, Proceedings of the Nutrition
Society (1999), 58, 147-153).
In the intestine, due to the increase of pH, insoluble forms of aluminium are precipitated (Al{OH); or
AIPQq), and eliminated by the natural way.
It is unknown whether the newly formed Al{OH)s (or AIPQ4) precipitate will be able to re-associate
15 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 exampie, interferes with the viral adsorption on Al{OH)s.

20 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)s-Rotavirus association.
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Cul ot Supernatant dissolution in Ctrate bel ow detection 3.8 Thus,
Rotavirus may be liberated fromthe Rotavirus - Al (OH)3 association and the
i berated Rotavirus remains active. 5 This liberation can be done either
by dissolving AI(OH)3 (by HCl in the stomach, or by Na3Citrate in vitro)
or by displacing Rotavirus by a basic amno acid (lysi Ad)kEBIYS. 7:
Infectivity of the Al (CH)3-Rotavirus association A single dose of

| yophi | i sed Rotavirus was reconstitutegmiichhzgt er and divided into two
parts. The first part, considered as the reference, received an additional
vol une of water. The second part recei1 ed ?@ of Al (OH) 3 suspended in
0.240 m of water (Preclinical viral ti%(F‘&Q Hg% 26 1 6 E 7 1 04 DRVCO03A4
6 1.5 M H20 0.750 m0.750 m ++ 0.240 ADKOR H20A (OH)3 in 0.240 M 1
hour1 hour 5.55 6.22 5 Wen AI(OH)3 is predent, Rotavirus is active and the
viral titration value is higher conparé&dngplysihie reference sanple. This
experinent was repeated w thout dividi Ng@sdheH2Qophilised dose, and by

adding 12 nmg AI(OH)3 10 or 24 ng Al(OH) 3. +

30 min Room T.
+

Centrifugation
8000rpm 10 min

™

Culot Supermatant
+
dissolution
in Citrate
below detection 3.8

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

5  This liberation can be done either by dissolving Al{OH); (by HCl in the stomach, or by NasCitrate in
vitro) or by displacing Rotavirus by a basic amino acid (lysine).

10 5.7: Infectivity of the Al(OH)s-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)3 suspended in 0.240 ml of water (Preclinical vira! titrations).
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Here the reference sanple was the one reconstituted with a
Citrate-Bicarbonate buffer. Thus, the wviral titer is again higher in the
presence of AI(OCH)3. 27 161 E8 2004 DRVCO03A46DRVO003A46DRVCO03A46 +++ 1.5
m W.12 ng24 ng buffer Al(OH) 3A1(OH)3 in 0.120nmLlin 0.240m 5.34 5.32 + +
1.380n] H20 1.260nml H20 6.24 6.05 5.95 6.26 As in thel &xappije above,

Rot avi rus associates with the AlI(OH) 3 particles, since the virus can be 5
di scarded by centrifugati on. DRVCOO3A46 is a |yophilised fornul ated

Rot avirus (Sucrose: 2% Dextran: 4% Sorbitol:3% Am no-acids:2%.
DRVCO03A46 12 ng AI(OH)3 in O. 12@R‘U‘¢003M380 m H20 Centrifugation
8000rpm 10 mn Culot Supernatant 1.5 m SDSAA 5.78 <1.44 5.96 <1.44 10
SDSAA= Sucrose 2% Dextran 4% Sor bi tal 3% Amno-Acid 2%

15 mlH20
0.750 mi 0.750 ml
+ +
0.240 ml 24 mg
H20 A{OH)3
in 0.240 ml
1 hour
1 hour
w 5.55 6.22

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

This experiment was repeated without dividing the lyophilised dose, and by adding 12 mg Al(OH}a
10 or 24 mg A{OH)a.

Here the reference sample was the one reconstituted with a Citrate-Bicarbonate buffer. Thus, the
viral titer is again higher in the presence of A{OH);.
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28 DRVCO03A46 24 ng AI(OH)3 in 0.240 mM 1.260 mM H20 Centrifugation

8000rpm 10 m n Cul ot Supernatant 1.5 m SDSAA 5.92 6.11 <1.44 <1.44 7 6

F E 8 2004 According to the viral titration carried out on the supernatant,

the quantity of Al (OH) 3 needed to adsorb Rotavirus seenms to be | ow

(starting wwth one |yophilised dose 5.7 | og) scaling QFEW@‘ titration):
12

Al (OH) 3Adsorption tineTiter in supernatant 12 ngl hour 4 ngl hour
RT3.4 48 ngyl hour RT3 hour ngl  hQu, ow detection 12
ngOvernight 2. 7 24 m%ﬂ?@?@%l ow dgﬁggg?%%%g rrg@g\égiﬁggﬁ% 2.5

1.5 ml WL 12 mg 24 mg
buifer Al(OH)3 Al(OH)3
in 0.120ml in 0.240m|
+ +
1.380m! H20 1.260ml H20
5.34 6.24 6.05
5.32 5.95 6.26

As in the example above, Rotavirus associates with the A{OH); particles, since the virus can be
5  discarded by centrifugation. DRVC003A46 is a lyophilised formulated Rotavirus {Sucrose:2%;
Dextran: 4%,Sorbitol:3%; Amino-acids:2%).

DRVCO03A46 DRVC003A46
+ +
12 mg Al{OH)3 24 mg A(OH)3
in 0.120 mi in 0.240 m!
+ +
1.380 ml H20 1.260 ml H20
+ +
Centrifugatioq Centrifugation
8000rpm 10 min 8000rpm 10 min
Culot Supematant Culot Supematant
+ +
1.5mi 1.5ml
SDSAA SDSAA
3.78 <1.44 3.92 <1.44
5.96 <1.44 6.11 <1.44

10 SDSAA= Sucrose 2%, Dextran 4%, Sorbitol 3%, Amino-Acid 2%.
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12 ngl medi at eBel ow det ecti on 24 nygl medi at e2. 0 48 ngl medi at eBel ow
detection 10 Tine needed to adsorb Rotavirus on Al (OH) 3 seens to be short:
One dose of |yophilised Rotavirus was reconstituted in priﬁence of 24 ny
Al (OH) 3, and centrifuged after 0, 15, 60 nin and 24 hour 0 FER&@lficul ot "
were resuspended in SDSAA before viral titration: TinmeCul ot Supernatant O
m n5. 263. 17 15 m nb5. 34<1. 44 60 m n5. 96<1. 44 24 hours6.13<1.44 5.8: Using

g?(mqi) gsﬂx\xgrgﬁiﬁibqg%ggll @g/a‘ﬂéﬂ%[rriédooufﬁrgf‘g? a@e@&#kﬁ@g@ﬁmﬁﬁ& ﬁ\((t%@ﬁalcd,;é t{ae ant aci d

her nic sa cal cium

car bonatz@iorb Rb@vinkeeenendeobe Btarird wih the BashliSeddmse paried) sediing Op virmse
described for AI(OH)3: - Association of Rotavirus with the inorganic salt;
29 1 6 Hitrgliog):2004 - Mai nt ai nance of Rotavirus activity when associated with
the inorganic salt; - Possibility of liberation of Rotavirus fromthe
associ gt-on—by—-di-sselgtor—ot—the—+norgaftce—hase—by—arf—acte: Possibility
of co- RS sat i on ADSREPtS HEE and |tesIR SUPEIIAtARY 30 land
Rot avi rjus association!ln_a first trial, livophilised Rotavirus (lviral titer
5.7) wgsjarpgonsti t ut ed IVAdulp R suspension |[&f7CaC38 in_ 10 water j(50nmg in
1.5ml) ;3@ Then Centriffyge®T and the viraatiter of the supernatant
corrparecjlgtrggthe Tut UL.lmywdAétb DRVCOUFGE + T

72 mg 1 hour RT 2.0

96 mg 1 hour RT Below detection

12 mg Ovemnight 2.7

24 mg QOvemnight Below detection

48 mg QOvernight 2.5

12 mg Immediate Below detection

24 mg Imumediate 2.0

48 mg Immediate Below detection

5

Time needed to adsorb Rotavirus on Al{OH)s seems {o be short:

One dose of lyophilised Rotavirus was reconstituted in presence of 24 mg Al(OH)s, and centrifuged

after 0, 15, 60 min and 24 hours. The “culot” were resuspended in SDSAA before viral titration:

10

Time Culot Supernatant

0 min 5.26 3.17

15 min 5.34 <1.44

60 min 5.96 <].44

24 hours 6.13 <].44

5.8: Using CaC0a as antacid

15 Inorder to avoid aluminium in the vaccine, the antacid Al{OH); was replaced by another insoluble
inorganic sait: CaCOs (calcium carbonate).
The phenomena observed with CaCOs are parallet to those described for A{OH):
- Association of Rotavirus with the inorganic salt;
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50ng CaC03 50 ng CaCB inin 1.5 mM HO1.5nmM HO+ + Centrifugation

Centrifugation 8000rpm 10 8000rpm 10 mn mn / ~\x X' \4 Cul ot Supernata

Cul ot Supemata + nt + nt 1.5 M 1.5 nl SOSA Na AQtrat?_E'SSF@:: 4.46 5. 88
[

4.33 15 This indicates that nore that 90% of the Rotavirus Wi at ed
wi th CaCO3. 30 ?6rt82004 Al so, when the virus was associated, it was
possible to realise the titration and to recover the original viral

quantities. AMaRtainghteadf Rolabiersacruitg whbh ghsbdiatedivightee inohghictshese obt ai ned
wi t hout CaCO3. 5 DRVO003A46 DRVCO03A46 + + 1.5 m HZO 1.5 ml + WL Buffer

Cent ri f ugat i ofosdbdityrqd HeetdiopphRetavires frem thegprsiatien Bindissolution 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 CaC0Os in
10 water (50mg in 1.5ml); and then centrifuged, and the viral titer of the supematant compared to the

culot.

DRVC003A46 DRVC003A46
+ +
50mg CaCO3 50 mg CaCO3
in in
1.5mlH20 1.5 mi H20
+ +
Centrifugation Centrifugation
8000rpm 10 8000rpm 10
min min
Culot Supernata Culot Supemata
+ nt + nt
1.5ml 1.5ml
SDSA Na
A Citrate
5.83 4.46 5.88 4.33

15

This indicates that more that 90% of the Rotavirus is associated with CaC0Os.
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4.99 5.03 5.35 10Quantity of CaCO3 and Rotavirus association Lyophilised
Rot avirus was reconstituted with a CaC03 suspension in wa ter (1.5nl): 10
ng 50 ny 15100 ng and then centrifuged, and the viral titer ({gzhdl
supernat ant conpared to the culot. CaCO3Extenpo + Centri.1 Hour Centri
Cul ot s Supernat ant Cul ot s Supernatant 100ng4.573.014.79 3.09

50ng4. 174.154. 22 3.86 10ny3.174.773.67 4.87 31 1l6rtdaw 5 10 Thus, clearly,

o CaCHe TR R 1058 e T i) Sl expect o

a total gf m'éhﬁraﬁduahﬁ@ﬂ or even 5.8 as obtained earlier - see above).

CaCCs Prot ection of Rotavirus during Baby Rossett-Rice antacid titration
Usi ng 10Alsin&isal titers arg olightly highed trRbthess ablened BRWTO038@6) and 50ngy of CaC03, two
types of baby Rossett-Rice titration were carried out: In a classic
Rossett-Rice titration, the antacid is mxed with Rotavirus and HCl is
poured into this medium In the "inverse" baby Rossett-Ri ce, the situation
is the reverse: antacid is dropped into the HO pool 15 (as it occurs in
vivo). O assical baby Rossett-Rice titration Lyophi. Rota

DRVCO03A46 DRVCO03A46
+ +
1.5 ml H20 1.5ml
+ W.L Buffer
Centrifugation
8000rpm 10 min

Y\

“Culot” Supernatant

499 5.03 5.35

10 Quantity of CaCO; and Rotavirus association

Lyophilised Rotavirus was reconstituted with a CaCOs suspension in water (1.5ml);
10 mg
50 mg
15 100 mg

and then centrifuged, and the viral titer of the supematant compared to the culot.

CaC03 Extempo + Centri, 1 Hour + Centri
Culots | Surpernatant Culots Surpernatant
100mg 4.57 3.01 4.79 3.09
50mg 4.17 4.15 4.22 3.86
10mg 317 477 387 | 487
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Buf f er Theoreti cal Measured stored atViral TiterViral Titer 4C60 CaC035. 34. 6
-80C60 ng CaC035.34.6 4C24 Al (OH)35.4<2.9 -80C24 nmg Al (OH 35.4<2.9 Inverse
baby Rossett-Rice titration Lyophi. Rota BufferTheoreti callcé\)/gasured stored

atViral TiterViral Titer 4' C60 ny CaCOB5.34.6 -80C60 ny CAOOBE dlli 6 4c24
Al (OH) 35.4<2.9 -80C24 mA[ OH 35.4<2.9 Thus, in this in vitro experinent,
cal cium carbonate is able to protect about 20% of Rotavirus from 20 the
presence of HCI, while al um nium hydroxide is not able to. 5.9:
Lyophi li_sation of Rotavirus in presence of CaCO3 antacid: Batch n
Conposi tliheh Clgpiyamos; GaliOaapd morfevinds iseassnciatid; and igspdpiund isdbe supemiataal. tit er

A : o0
atter | YoapRld Habl aReqfbt boriderth ot Rpdtfiks Bl o153 ANRPL USSR 2740

obtained earlier — see above).

5
CaCO0. Protection of Rotavirus during Baby Rossett-Rice antacid titration
Using 10 doses of Iyophilised Rotavirus (DRVC003A46) and 50mg of CaCOs, two types of baby
Rossett-Rice titration were carried out:
10

In a classic Rossett-Rice titration, the antacid is mixed with Rotavirus and HC! is poured into this

medium.

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

15 (as it occurs in vivo),

Classical baby Rossett-Rice titration

Lyophi. Rota Buffer Theoretical Measured

stored at: Viral Titer Viral Titer
4°C 60 mg CaCO3 53 4.5
-80°C £0 mg CaCQ3 5.3 4.6
4°C 24 mg A{OH)J 54 <29
-80°C 24 mg AI{OHI3 54 <29

Inverse baby Rossett-Rice titration

Lyophi. Rota Buffer Theoretical Measured

stored at: Viral Titer Viral Titer
4*C 60 mg CaCO3 5.3 4.6
-80°C 80 mg CaC03 53 4.6
4°C 24 mg AOH)3 5.4 <29
-80°C 24 mg AI{OH)3 5.4 <29

Thus, in this in vitro experiment, calcium carbonate is able to protect about 20% of Rotavirus from
20 the presence of HCI, while aluminium hydroxide is not able to.

5.9: Lyophiiisation of Rotavirus in presence of CaC0; antacid:

Batch n® Composition Viral titer at time = zero | Viral titer after
after lyophilisation lyopjhilisation and 1
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Sorbitol: 3% Am Acids: 2% CaCO3: 50 m 99K08102Sucr ose: 29%105. 16105. 15
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCO3: 60 ng 00C24101Sucr ose:

294.05. 0710 4.69 Dextran: 4% Sorbitol: 3% Am Acids: 2% CaC03: 60 ngy

Xant hane 0. 3% 00C24/ 03Sucr ose: 2%105. 0710 4.85 Dextr an: 4%@3({3?%0' ;3% Am

Acids: 2% CaCO3: 60 ng Xant hane 0. 3% OOE09125Sucrose: 2% 4.91
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaC03: 60 ng Xant hane 0.25%
OOEQ9/ 30Sucrose—29405- 0110487 Dextran:; 49 Sorbitol: 3% Nk AGHgsT 2% |

99K08/01 Sucrose: 2% 10 3.28 10310
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC0;: 50 mg
g9K08/02 Sucrose: 2% 10 536 10515
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO03. 60 mg
00C24/01 Sucrose: 2% 10507 10 489
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO;: 60 mg
Xanthane 0.3%
00C24/03 Sucrose: 2% 10 507 10485
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO0s: 60 mg
Xanthane 0.3%
00E09/25 Sucrose: 2% 10503 10 49
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC0,: 60 mg

: Xanthane 0.25%
00E09/30 Sucrose: 2% 10 501 10 487
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs: 60 mg
Xanthane 0.30%
00F26/06 Sucrose: 2% 10450 10 470
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO0s: 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 CaCOj during the filling step, viscous agents are needed. Examples of
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CaC3: 60 ng Xant hane 0.30% 00F26106Sucr ose:
Sorbitol: 3% Am Acids:

2% CaCCB3: 60 ng Starch:

29404. 50104. 70 Dext ran:

- lyophilisation of Rotavirus and antacid (CaC03) toget
vial. To prevent sedinentation of CaC03 during the fil

Xant hane gum and Starch. The Rotavirus activity is maintained even

pr esence sodh visaoistegoets (e Nantiinargain. ang. SldBcH-YWRbtbwﬁQdcttvﬁMs @ﬁa&tin‘?éd &¥Hh CK

di si ntegrati on when
denonst r 4t18¢ pigeenee 9@@“”@6?19%@
| yophil i sed cake in the nouth. Viral

gh s,

titer

pl aced in thgﬁnnuth 5 The follow ng f
nd qui ck dissolution of the
before Viral

titer after

ormul ati ons

noFonul ati on conpositionl yophilisationlyopjhilisation and 1 week at 370
99B10106S51101L. Gﬁlll%Qal‘iletﬂdJQﬁmﬂ(’dzﬁﬁfbgmﬂoﬂMHeﬁlimIc@d3ntT‘l%anuﬂg‘D 3 48ny

99C11112W\al tit ol

3°/<104 1810 3.79 Al (
cel | u? osdhe fpligwing fermulalieasdamanstrie @snlps@rs cenc

titer af yﬁﬁhltégﬁ Qak@f:r{ﬁé |n%9m hilisation and

g&vl;rt%drox ypropyl met hyl -

s, glietedisselution ofghe-Vi r al

Batchn®

Fomulation composition

Viral titer before
lyophilisation

Viral titer after
lyopjhilisation and 1
week at 37°

89810/06

Sucrose 4%
Sodium glutamate 3.7%
Al(OH)3 48mg

1051

10 453

99C11/12

Maltitol 3%

Al{OH) 48mg
Hydroxypropylmethyi-
cellulose: 1%

10 4.16

| 10 379

Batch n®

Fomulation composition

Viral titer at time =
zero after
lyophifisation

Viral titer after
Iyopjhilisation and
1 week at 37°

00C24/05

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

10 5.02

10454

00C24/06

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC0s: 60 mg
Xanthane 0.3%

10 486

10 456

00F26/11

Sucrose: 1%
Dextran: 2%
Sorbitol: 1.5%
Am. Acids: 1%
CaC0s: 60 mg
Starch: 2%

10 470

10 44c

10 in the “lyoc concept” both Xanthane and Starch can be used (maintaining the quick dissolution

properties of the lyophilised cake).
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| o hilisationl week at 37 00C24105Sucrose: 2940 5.02104.54 Dextran: 4%
Sorbitol: 3% Am Acids: 2% CaCO3: 60 ng Xant hane 0. 3% 00C24106Sucrose: 29%0
4.86104.56 Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCCB: 68 Xant hane

0. 3% 00F26/ 11Sucrose: 1 %.04.7010 4.40 Dextran: 2% Sorbitb :FEE.Z%% Am
Acids: 1 % CaCO3: 60 ng Starch: 2% 10 In the "lyoc concept” both Xant hane
and Starch can be used (maintaining the quick dissolution properties of

the lyop ,i(l ' Fﬁe(i%ﬁtogg?lgﬁﬁ gbﬁnﬁﬁo? &%Qﬂta@&thg Rtavifag VQ&:UF?A %@]tlon

Car bonat avirus vaccine conp
suspensi on of CaC33 in water is used as the antacid for Rot aV| rus there S
a problemthat the calciumcarbonate particles sedinent rapidly

pl aced i Whemeesuspensieneofiaé Op dier itised iat hesnigei {8 P@}@Mﬂ@a&m@ azvr@ﬂ%u!at he
average particle t. 1
i ncreasi ﬁﬁ C?‘ﬁ'&"b@ﬁ?l‘?e‘s pgrgé?ﬁi@dgnu%gﬁlﬂ@ﬁﬂgfﬁ@%?d%%ﬁpﬁﬁg ?Eea@“ﬁgﬁﬁﬂg&
Vi SCOSI t yq 1 adriShcRasr 7 ©amithe BveiRIRI paficle size is 30pm.
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

10 4 keeping particles away from each other

6.1 Increasing density of the surrounding medium:

When the CaCO;-Water suspension (when placed in the syringe) is placed on the lyophilised cake
(containing sucrose 2%, dextran 4%; sorbitol 3%; amino-acids 2%) the density of the surrounding
15 medium is increased, but the speed of CaCO; sedimeniation is not very much different from the

CaCOa-Water suspension.

6.2 Increasing the viscosity of the surounding medium:

20  Pseudoplastic excipents
A pseudoplastic solution is defined as a solution having higher viscosity on standing compared to
its viscosity under agiiation.
Usual excipients of this type are:
natural polymers for example:

25 arabic gum
adraganie gum
agar-agar
alginates
pectines

30

semi-synthetic polymers for example:
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3 reducing the particles size 10 4 keeping particles away from each ot her
6.1: Increasina density of the surroundi ng nedium Wen the CaC03-Wter
suspensi on (when placed in the syringe) is placed on the |yophilised cake
(containing sucrose 2% dextran 4% sorbitol 3% anino-aci dd fAdlfine
density of the surrounding 15 mediumis increased, but the speed of CaCO3
sedinmentation is not very nuch different fromthe CaCO3-Water suspension.
6. 2 | ncr easi ngatbogymethylceliilasg (Bfloseh&®sur r oundi ng medi um 20 Pseudopl astic

Vi scosity on' <abehipe iR AG VG MAEESe ARSI Ton Coual

| pi ent f | : I I f le: 25 bi
excipients o W?g?ﬁ%@‘g‘?"@b@?g‘.'%@ al polyners for exanple arabi ¢ gum

adragante gum a nat e pectines 30 sem -synthetic Pol yners
for exanple: 3Jfydibx@rdpRBedRdivae MethooeisiEE and K@) Vissentiahy MPHE®) C( 1) )

met hyl cel | ul ose (Methocels A0, Viscotrans MZ(r), Tylose MH(r) and MB(r))
hydr @xypr opyl cel | ul ose (Kiucel s(r)) hydroxypropyl net hyl cel | ul ose (Met hocel s

. Lo & : | i
exci pi en Sorral MoSERLARRR GO byl IERE it ARARBIARBHACE) 251 1 ¢

excipients wwth [ow fl owi ng capacity Those pol yners, at a sufficient

concentration, (}:ﬂ ve rise to a structural, fluid arrangenent resulting in
Pseudoplastic excipients with low flowing capacity

Those polymers, at a sufficient concentration, give rise to a structura! fluid arrangement resuliing in

10 ahigh 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.

15
Thixotropic excipents
With these excipents, on standing, a gel structure is obtained; while under agitation a fiuid solution
i5 obtained.

20 Examples of thixotropic excipients are: Veegum ®&Magnesium-aluminium sificate) and Avicel RC®
(about 89% micracrystalline cellulose and 11% Caboxymethyicellulose Na).

6.3 Reducing the particles size

A reduction in the CaCOs particle size resulted in a decrease in the antacid capacity of the
25  compound.

6.4 Keeping particles away from each other

This is the case in Veegum® and Avicel® for which insoluble particles smailer (about 1 pm) than

the CaCOs particles, are placed between CaCOs particles in order to prevent aggregation.
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10 a high viscosity solution having |ow flow ng capacity on standing. A
certain quantity of energy needs to be given to the systemto allow

flow ng and transfer. External energies (agitation) are needed to destroy
tenporarily the structural fluid arrangenent in order to)ﬂp\: 'm@ fluid
sol ution. Exanples of such polynmers are Carbopol s(r) and Xant hane gum 15
Thi xotropi ¢ excipents Wth these excipents, on standing, a gel structure is
obt ai nedg,antlid © pro@edt degighation a fluid solution is obtained. 20 Exanples
of thixotroplic excipients are: Veequm (r)(Magnesi umalumniumsilicate) and
Avi cel Rierfpllowinglsoames alemansietsexgaples ofipaesiieprpdncoeesionhd 11 %

Caboxynet hyl cel l ul ose Na). 6.3 Reducing the particles size A reduction in
the CaCO3 particle size resulted in a decrease in the antacid capacity of
the 25 gq Gh tHe-s%rikgePi ng particles away fromeach other This is the
case in Vi cel (r) for which insoluble particles smaller
(abot 1 pm than the CaC03 particles, are placed between CaCO3 particles

The 1 of | BRSFIEE GG Baraael Fapu R BEt R e BMRPR o Srabtdibegne 97

CaC® in SV b ontdirddiin®e &rhgady clinical batches of Rotavirus in
| yophi | irseg {}llﬁgtg(mf%e ant acli dgi:ag@be pl aced in the reconstituent liquid

contained in the syringe. Syringe with 1.3 m CaC03 (60nmg/ M) Needle
Lyophi | i sed

Syringe
with 1.3 ml
CaCOa3 (60mg/mt)

Needle

Lyophilised
Rotavirus

10 In this product presentation, sedimentation of CaCO3 must be under control not only during the
filing steps, but also during the complete shelf-live of the product (at least 2 years).

7.2 CaCDs in the lyophilised vial

15

Syringe
with 1.3 mi
Water

| Needle

-

Lyophilised viat
Rotavirus +
CaCO03 (60mg)
Xanthane

7.3. Lyophilisation in a blister
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Rotavirus 10 In this product presentation, sedinentation of CaC03 nust be
under control not only during the filling steps, but also during t he

conpl ete shelf-live of the product (at |east 2 years). 15 CaC33 in the
| yophilised vial Syringe with 1.3 ni  Water Needle Lyoph‘iﬁfEBa&ﬂﬂm al
Rotavirus + CaC03 (60ng) Xanthane 7.3. Lyophilisation in a blister 37 1 6
FEB 2M In this case Rotavirus. CaCO3 and Xant hane gum are |yophilised

t oget her Indhis easelRptavitug, aCB4 dnsitXanthade gum arellydphitiséd tegetmeplieect in theaibtel. i sat i on
of different strain of Rotavirus Batch nRotavirus strainFonul ation
conpositionViral titer at tV-,al’' titer after 7 yopjhiiisation and zero
after 1 a b pek at 37 00F26/01GlSucrose: 2%0 4.6101.7 SB purif
n6l1lDextran: 4 RO0232ZSorbitol: 3% Am Acids: 2% 00F26102& (DS-1) Sucr ose:

2940 54 410 4.4
Example 8: Lyophilisation of different strain of Rotavirus

Batch n® Rotavirus strain Fomulation composition Viral titer at t = Viral titer after
zero after lyopjhilisation and
lyophilisation 1 week at 37°

00F26/01 G1 Sucrose: 2% 1048 10 47

SB purif n°61 Dextran: 4%
PRO/0232 Sorbitol: 3%
Am, Acids: 2%
00F26/02 G2 (DS-1) Sucrose: 2% 1044 10 44

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

00F26/03 G3(P) Sucrose: 2% 10 46 1045
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%

00F26/04 G4 (VA-70) Sucrose: 2% 10 4& 1048
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%

00F26/05 G9 (W161) Sucrose: 2% 10 46 1045
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%

10 The strains DS-1, P and VA70 are described as Human rotavirus reference strains for serotype G2,
G3 and G4 respectively at page 1361 of “Fields” Raven press 1990, second edition.

In this experiment different Rotavirus strains have been lyophilised.

For all, both the viral titer have been maintained during lyophilisation and accelarated stability {one
15 week at 37°C) has been shown.
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Dextran: 4% Sorbitol: 3% Am Acids: 2% 00F26/ 03G3(P) Sucrose: 29404.6104.5
Dextran: 4% Sorbitol: 3% Am Acids: 2% 00F26104&4 (VA-70) Sucrose: 290
4.810 4.8 Dextran: 4% Sorbitol: 3% Am Acids: 2% 00F26/ 053 (WL61) Sucr ose:
2940 4.6104.5 Dextran: 4% Sorbitol: 3% Am Acids: 2% 10 1TgleE§q[mpl ns DS-1, P
and VA70 are described as Human rotavirus reference strains for serotype
&, G and A respectively at page 1361 of "Fields" Raven press 1990,

Pecond, CEldpeils: bllades3ieRERY o] ifd Gt 2RIl Hd RAtBFARIV e, Deen

| yophi | vira een mai ntal ned during
| yophi | i g@kingn and accel arated stability (one 15 week at 37C) has been
showmn. 38 1 6 F E S 2004 Exanple 9: Phase | safety study in adults of one
oral adnf Rhaser studywadearigaouRiotassgss (e sa{ﬁéwdﬁ@actoaewa%a pingle o)/ desa s carri ed

Flu of ¢ B Bag GERETVAEbie MBI B RSUAAERY 1 Blisdhag 0705 oors. ‘5 The

clinical trial was double blind and random zed. It was pl acebo-controlled

and gel fyigakisd fRewas douelelintishdwarsdontzet Ot wasiplacebo-aent@iletang seosianddn
Bel gium Study Popul ation A total of 33 subjects, 11 in the placebo group

and 22 i Fhetseslywas GEr@mgd Huase sheleserirrio PelgMand al |

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
10 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 lyophifized according to Good

15 Manufacturing Practices. The lots were released by Quality Control and Quality Assurance. Each

vial of vaccine contained the following components:

Active ingredient:

P43 strain Min. 1058 ffu

Excipients, stabilizers:

Sucrose 9 mg
Dextran 18 mg
Sorbitol 13.5mg
Amino acids 9mg
20
Placebo
Vials of placebo were prepared and released. Each vial of placebo contained the following
components:

Excipients, stabilizers:
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conpleted the study. Al volunteers were Caucasians. Their nean 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 nonth. Mterial Vaccine
Clinical lots of P43 vaccine were produced, purified, for rrul@bﬁd and

| yophi lized according to Good 15 Manufacturing Practices. Th b8 2per e

rel eased by Quality Control and Quality Assurance. Each via[ of vaccine
cont ai negugrbse f ol | owi ng cagnents: Active ingredient- P43 strainMn. 105.8
ffu Exci %ggtns stabili Zer@ q ucrose9 ng Dextranl8 ng Sorbitol 13.5 ng Am no
aci ds9 O Placebo Vial pl acebo were prepared and rel eased. Each
vial of pPRE¥bo contained 1*'b%h:’r-,”‘g ol l owi ng conponents: Excipients,

st abi |l i zAmino 48@s16 FEB 20@mgucr ose9 ng Dextranl8 ng Sorbitol 13.5 ng Am no
acids9 ng Diluent Water for injection was used as diluent to reconstitute
vacci ne ﬁﬁgerﬁl acebo. 5 Adm nistration Approximately 10 to 15 mi nutes before
adm ni stration of the vaccine or the placebo, subjects of

Water for injection was used as diluent to reconstitute vaccine and placebo.

5  Administration
Approximately 10 to 15 minutes before administration of the vaccine or the placebo, subjects of
both groups were given 10 ml of Mylanta® orally. 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,

10 To prepare the vaccine, two vials of lyophilized P43 containing 1058 ffu per vial were reconstituted
with 1.5 mi of diluent water for injection. This achieved a calculated viral titer of 1081 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 m| water for

injection and administered orally as a single dose.

15 Safely and Reactogenicity
The following criteria of safety and reactogenicity applied:
Sclicited general symptoms were fever, diarrhea, vomiting, nausea, abdominal pain and loss of
appetite. They were recorded during eight days post administration.
Unsolicited symptoms were recorded during 30 days post administration.
20 Serious adverse events were recorded during the entire study period.

Diarrhea sampies were to be collected during eight days post administration.
The results were:
No solicited symptoms, no unsolicited and no serious adverse events were reported during the

25  respective observation periods.

No cases of diarrhea were reported.
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both groups were given 10 m of Mlanta(r) orally. Mylanta(r) is a

regi stered antacid. The antacid 1increases the pH of the stomach and
prevents inactivation of the rotavirus during its passaggg FFgrgyoh the
stomach. 10 To prepare the vaccine, two vials of |yophilized P43 contai ning
105.8 ffu per vial were reconstituted with 1.5 m of diluent water for
injection. This achieved a calculated viral titer of 106.1 ffu per dose.

The recog&khﬁﬁhgd vacci ne was admi ni stered pronptly as a single oral dose.
To prepare the placebo, two vials of |yophilized placebo were reconstituted
with 1. 5SBBiolaicels Pﬂbvaccmmyveﬁaf@mIaav&jtoémrnlarnem wharcRdpriistened geallping dogble- dose.

15 Safety and Reactaogenicity. The I ing. criteria of safet

r eact ogeﬁi”@ﬁs dioa ghe F' Ed@@ﬁ){g‘ﬁg @éh@%lt‘gg‘iﬂm vRluptee %@9@1%(1& rhea,
vom ting, nausea, abdom nal pain and | oss of appetite. They were recorded
during eight days post admi nistration. Unsolicited synptons were recorded
during 30 days post admnistration. 20 Serious adverse events were
recorded during the entire study period. Diarrhea sanples were to be
col |l ected during eight days post adm nistration. The results were: No
solicited synptons, no unsolicited and no serious adverse events were
reported during the 25 respective observation periods. No cases of

di arrhea were reported. 40 16FEB2004 Concl usions SB Biol ogicals P43
vacci ne was safe relative to the placebo when adm nistered orally in a
doubl e- blind fashion as a single dose at the dose of 106.1 ffu to heal thy
adult volunteers aged 18 to 44. 41 B45194 1 6 F E B 2004 CLAIMS 1. An
attenuated human rotavirus popul ation, characterised in that it conprises a
single wvariant or 5 substantially a single variant, said variant defined
by a nucl eotide sequence encoding at |east one
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of the major viral proteins designated as VP4 and VP7. 2. A rotavirus

popul ation according to claiml1 which is a cloned strain. 10 3. A rotavirus
popul ati on according to claim1 or claim2 which is derived froma hunan
rotavirus infection. 4. A rotavirus popul ation according to any one of
clains Ig4sqgf Which replicates in and is excreted by h“"TFFE%U@- A
rotavirus popul ati on according to any one of clains 1 to In Ich the
substantially single variant is a variant in which the VP4 gene conprises
a nucl eoti de sequence conprising at cLagast one of the foll ow ng: an adenine
base (A) at position 788, an adenine base (A) at position 802 and a

thym ne base (T) at position 501 fromthe start codon. 20 6. A rotavirus

lati . | aims i . . e
ool coti e - Shbeentacd B Tumins kb il Aty B P BIR T8 765 ang
802 and a thygiafopase (T) at position 501 fromthe start codon. 25 7. A

rotavirus popul ation according to any one of clainms 1 to 6 in which the
substBantsubstantiallsa sipdleevariant; sait varigntdefingd branudlestighseguence enopring gepast enpr i ses
a nucl eot,i.de sequence .conpri Si I t one of the follow ng: a thym ne
(T) at pIdhamaer 5@@!0?%W%@Ha?£%\%4%msi tion 897 and a guanine (Q at
position 897 fromthe start codon. 42 B45194 1 6 F E B 2004 8. A rotavirus
popul ation according to claim?7 in which the VP7 gene conprises a

nucl eotidle shiavruepapolation ascorging toraiajmi! which i5)a @Rﬂegétéﬂ"t-i on 605 and an
adenine (A) or a guanine (G at position 897 fromthe start codon. 5 9. A
rotavirus popul ation according to clains 5 to 8, in which the VP4 gene

conpig seg. a AWRhMmAS bebRlaSGHEes8iRg BN 1 9 eimPwiidhaadeneed #gm ahumarsi tions 788
and 802 and a thymne (T) at position 501 fromthe start codon; and the
VP7 generotayingsrinfediona nucl eoti de sequence conprising a thynmine (T) at
position 605 and an adenine (A) at position 897 fromthe start codon. 10
10. A rotavirus which conprises a nucl eoti de sequence encoding a VP4

protei n yher epmothls population according to any one of claims 1 to 3 which replicates in and is

excreted by humans.

15
5. A rotavirus population according to any one of claims 1 to 4 in which the substantially
single variant is a variant in which the VP4 gene comprises a nucleotide sequence comprising 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.

20
6. A rotavirus population according to claim 5 in which the VP4 gene comprises a nucleotide
sequence comprising an adenine base (A) al positions 788 and 802 and a thymine base (T) at

position 501 from the start codon.

25 1. A rotavirus population according to any one of claims 1 to 6 in which the substantially
single variant is a variant in which the VP7 gene comprises a nucleotide sequence comprising 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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nucl eoti de sequence is as shown in Figure 1, and/or a nucl eotide sequence
| encoding a VP7 protein wherein the nucleotide sequence is as shown in
Figure 2. 11. A rotavirus popul ation according to any one of clainms 1 to
10, designated as P43 and 15 deposited under accession ﬁgfﬁ?gr CACC
99081301g4shd4 A rot avirus variant designated P43 and depbS3i dlfi th the
ECACC under "accessi on nunmber 99081301, rotavirus progeny and
i mmunol ogi cal ly active derivatives thereof and materials obtained

t herefr 20 : | ; ey abmbreesi nisdtident i gen
ogn 204 fotavirlls n%ﬁ’@g?"r étéﬁoerﬂlﬁiﬁﬁﬁirﬁ A Wi V7 ggﬁe mp nifeeti g

or at |east one seg otavirus vari ant 3 accordi na? tg% claim 11
pesition

or cl ai ngeh@encé domphisimg altouhinef (T at edsiticini®g5 andham ddenier(Ah araguanive s)

popul ati on CO”[E“ sing a substantially 25 single variant, the nethod
conpri si §:fr %%’Ttﬁgm& rotavirus preparation on a suitable cell Iine;
optionally sel ecting honogeneous culture using the steps of either: [limt

dilution; or individual plaque isolation; and 30 checking for the presence
of a Subgt ant Aadtaviruspopglaionvacoreing tonjeirsedodniniwhighdhe \ddpeopeaennses @ egi on of

t he VP4 and/ or VP7 gene sequence. . 43 .B45194 F 0 15, nmet hod
accor di ngjictestice sgavan excqmpﬂaﬂsi e%a:qu@efﬁc)taapﬁs 'B@%&g@%ﬁ?r@ﬁqﬁwiiea@%{ged on
AGWK cell s ' ' AucRbtide sahiend®cdnibrivihg ch t he
rot avi ruéasg?g?)%}lgotr?@%gﬁgg%}gﬁﬂc ﬁ%@?ﬁ@?@? %f can ‘89- 2nst rerll?prrllwtﬁ)?

deri vat i ¥ thyminer{Badt posttion 686 areltancdenine(d) atipogjiand@9z frgm desstastcoddmi ns 14 to 16,

whi ch conprises the additional step of ether treatnment to renove
adventitious ether-sensitive contam nating agents. 10 15 18. A vacci ne

gfg})ﬁgi a‘u?.“ CRTRLViRS WeicRodripfiSes? AR RbIMeQEqushéd Ehcadiipld VP otk whBkinde Of
nuclectide sequence is as shown in Figure 1, and/or a nucleotide sequence encoding a VP7

protein wherein the nucleotide sequence is as shown in Figure 2.

. A rotavirus population according to any one of claims 1 to 10, designated as P43 and
15  deposited under accession number ECACC 99081301.

12.  Arotavirus variant designated P43 and deposited with the ECACC under accession
number 99081301, rotavirus progeny and immunologically active derivatives thereof and materials
obtained therefrom.

20
13. A rotavirus reassortant comprising at least one antigen or at least one segment of the

rotavirus variant P43 according to claim 11 or claim 12.

14, A method of producing a purified human rotavirus population comprising a substantially
25  single variant, the method comprising:
passaging a rotavirus preparation on a suitable cell line;
optionally selecting homogeneous culture using the steps of either:
limit dilution; or
individual plaque isolation; and
30 checking for the presence of a substantially single variant by sequencing an appropriate

region of the VP4 and/or VP7 gene sequence.
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to 13 adm xed wth a suitable pharmaceutical carrier or adjuvant. 19. A
vacci ne conposition according to claim 18 adapted for oral adm nistration.
20. A vaccine conposition according to claim19 in which the live
attenuated virus is fornulated with an antacid corrposiéi n, .21. A vaccine
conposi ?’S“%q ﬁccor ding to claim20, wherein the antaci d 5&2&)2@4 tion

conpris % an organic antacid. 22. A vaccine conposition according to
claim 21, wherein the antacid is sodiumcitrate, 23. A vaccine conposition
according to claim 20, wherein the antacid conposition conprises 25 an
inorganic antacid. 30 24. A vaccine conposition according to claim 23,

wher ei n f5he  aninambdladcsrding torelaimuldimyiichoke wéavirusrBeparationisPassagestarpfaiiti on
according to Claim 23, wherein the antacid is cal cium carbonate. 26. A
vacci ne @lposition according to Caim 25, which further conprises a

vi scous agent. 44 B45194 1 6 F E B 2004 27. A vacci ne conposition accorsing
to Caim26, wherein the viscous agent is xanthane gum 28. A vaccine
conpasi tigon akmethdd agotdingamylaimnie ootlaicl tiimwhidbthe r@taviruhpsersaration has he ve
attenuated 5 virus is fornulated with cfal ci um car bonat e and xant hane gum
and reccﬁh@[ap'ﬁﬂﬁt'éﬁi‘-’f@tea'@&tﬁﬁiﬁﬂr eniveeER: 29. A vaccine conposition
according to any one of claim20 to 28, wherein the |ive attenuated virus
is fornmulated with the antacid conposition and |yophilised in a blister
pack. 101730. Amethod beverdirgrtp e dneahclzime o4 thi togwhich comprisasdhecaddiionsl sisp afs t o 29,
wherein the virus is in |lyophilised form 31.. A vaccine conposition

accor di ngherdreatmantio WOV%@%B‘%W‘J% ﬁﬁ%ﬁf)?ﬁé"’%ﬁ?@%%ﬁ"@% aQﬂ"h‘Js and the 15

antagj d conposition are present in separate containers for fornulation as a
l'iquid vaccine conposition prior to adm nistration. 32. A vaccine

conposi t1&n aheauciie compasitioh eomprising aviresatisuatedvisus acgerdiag toany apedf damut and
the antacid conposition are present in the.sa container for fornmul ation
as a Iyo‘ﬁﬁplaﬂ@ﬁ‘g)v %?‘W@b'eEW"@@%E@?W%%%”&"@%MNi tuted with aqueous
solution prior to admnistration.

19. A vaccine composition according to claim 18 adapted for oral administration.

15
20. A vaccine composition according to claim 19 in which the live attenuated virus is

formulated with an antacid composition.

21. A vaccine composition according to claim 20, wherein the antacid composition comprises

20  an organic antacid.
22. A vaccine composition according to claim 21, wherein the antacid is sodium citrate.

23. A vaccine composition according to claim 20, wherein the antacid composition comprises

25  aninorganic antacid.
24. A vaccine composition according to claim 23, wherein the antacid is aluminium hydroxide.
25. A vaccine composition according to Claim 23, wherein the antacid is calcium carbonale.

30
26. A vaccine composition according to Claim 25, which further comprises a viscous agent.



33. A vaccine conposition conprising a live attenuated human rotavirus
virus wherein the virus is in lyophilised form 25 34. A vaccine
conposition according to Claim 33 wherein the conposition is in the form of
a quick dissolving tablet for imrediate dissolution when placed on the
tongue. 5194 vacci ne conposition according to claim 33 od bcfitdh Mi34
conprising a lyophilised live attenuated rotavirus adm xed with an

i norgani ¢ antacid such as cal cium carbonate and a viscous 30 agent such as
xant hane gum 45 1 6 FEB 1004 B45194 36. A vacci ne conposition according to
claim 35, wherein the attenuated virus and the antacid co Ition are
present 47n sdpraceinecamesiiomEcesinglo Glam r?gl whiereihihg ¥iscous F"Qﬁﬁ‘f@ q‘g’gﬁ%"ﬁ e
conposition prior to admnistration. 5 37. A vaccine conposition according
to claim 35, wherein the attenuated virus and the antacid conposition are
fornul atzgd i nA y&eing asmposition adcoing teanyané yiogteims 2527 wissein the livoatieosdted on to
be reconstituted with aqueous solution prior tq adm.pistration. 38. A

met hdd ofirusrsriermalatedmith salciymcarbanale and xgathene smas P%%“R’&d YGRS a

| yophi | i% g Iﬁive 10 attenuated human rotavirus with an antacid and a

Vi scous E"H'. 39. Use of a vaccine according to any one of clains 18 to 27
for preventing rotavirus infection in humans by adm nistering to a human

subject an effective anount of {he vaccine. 4 CE L1 STl <110>
Sni t hKI i % Beb¥#EIRE BPBPASYE AFCerdng A anyopo eﬁiﬂva?@ fOrE?gJ %‘-@B?@ L 5%6@9%45194
<160>2 <G{9% thitnlaraRith He MRAWRHIGRIoR bikNyobhfilsed in a blister pack.
10
30. A vaccine composition according to any one of claims 18 to 29, wherein the virus is in

lyophilised form.

3. A vaccine composition according fo claim 30, wherein the live attenuated virus and the
15  antacid composition are present in separate containers for formulation as a liquid vaccine

composition prior to administration.

32. A vaccine composition according to claim 30, wherein the five attenuated virus and the
antacid composition are present in the same container for formulation as a lyophilised vaccine

20  composition to be reconstituted with aqueous solution prior to administration.

33. A vaccine composition comprising a live attenuated human rotavirus virus wherein the

virus is in lyophilised form.

25 34. A vaccine composition according to Claim 33 wherein the composition is in the form of a

quick dissolving tablet for immediate dissolution when placed on the tongue.
35. A vaccine composition according to claim 33 or claim 34 comprising a lyophilised live

attenuated rotavirus admixed with an inorganic antacid such as calcium carbonate and a viscous

30  agent such as xanthane gum.
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<210> 1 <211> 2350 <212> DNA <213>Human <400>1
atggcttcactcatttatagacaacttctcactaattcatattcagtagatttacatgat 60
gaaat agagcaaat t ggat cagaaaaaact cagaat gt aact at aaat ccgggt chzft&hj?ég
gcacagaCt agat at gct ccagt caat t gggat cat ggagagat aaat gat t caad X

gt agaa@agfist t t agat ggt cct t at cagccaact acatttact ccacct aat gat t at 240

t ggat actt att aat t caaat acaaat ggagt agt at at gaaagt acaaat aat agt gac300
ttttagact gcagtcgttgct att gaaccgcacgt caacccagt agat agacaat at at g360
at at t t ggt faaRHeIVAERALH beridigde gbiredsyahtreiadut Alantalpgadys end theanecid
gaaat gt t t agaagcagt agt caaaat gaattttat aata acgt acatt aactt ct g}at 48g fion
accacact t girpygition aie Preaer ineseheel§ GABIGRRFE A JYREIAIaN S ANGYF JaCrhiE L8WA0S
ccgagagct act ?c%gqacgﬁ.t caagt act gcaaat t t aaat aat at at caat t acaat t 600
cat t cagaaPt¥ {2 Ut aaggt cccaggaat ct aaat gt aat gaat at at t aat 660
aat ggt ct gccaccaat t caaaat act agaaat gt agt t ccat t gccatt at cat ct aga720

t cgat acagt at aagagagcacaagt t aat gaagacat t at agt t t caaaaact t caéa%amo .
t gghaagdaAtgmigtamaasing goardig lackam s yhtendbaatienvaiedwiua hdihe gaged

Coat ai aat PAORBACLIBR BUPBAI et o gt 8 A AR PGl o e

ggagt gaac i i Bhblistiasasastaiont t t ggt at t t caaggl020
tat gaagtt g@@%&%@g@ﬁ%ﬁ@%@g%@at rgt gt agact at t gggat gat t caaaagcal080

ttt agaaat at ggt at at gt t agat aat t agcagct aat t t aaat t cagt gaaat ggacall40
38. A method of manufacture of a rotavirus vaccine comprising admixing a lyophilised live

10 attenuated human rotavirus with an antacid and & viscous agent.

39. Use of a vaccine according to any one of claims 18 to 27 for preventing rotavirus infection in

humans by administering to @ human subject an effective amount of the vaccine.
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ggtggaagttattattt cagt at accagt aggt gcat ggccagt aat gaat ggt ggcgct 1200
gtttcgttgcattttgccggagttacattatccacgcaatttactgattttggataattal260
aattcactacgatttagatttagtttgacagttgat gaaccacctttctcaat act gagal320
acacgtacagtgaatttgtatggattactagccgct aat ccaaat aat ggaaat gaat ac1380

t acgaaat at caggaaggttttcactcatttctttagtt ccaact aatgatgattatc

act ccaatt at gaat t cagt gacggt aagacaaé}équtg’f%géb%@%%aact tact gatt f‘g%gg%?ﬂﬂk
cgagaagaatt t aacaeat gt wacaagaaatmgodiaiggeacaat t gatt gattt agcals60
ctgttgcctctagatatgttttccatgttttcaggaattaaaagtacaattgatttaact 1620
aaat caat ggcgact #gt gf*aitJaagaaat t t agaaaat caaaat t agct acat caat t 1680

t cagaaat gact aattcatt gt cagat gct gcttcat cagcat caagaaacgtttctatt 1740
agat cgaat tt at cripfgal4°ttaaat t ggact aat gt t t caaat gat gt gt caaacgt a1l800
actaattcattgaagaat.aj tt caacacaaacat ct acaatt agt aagaaacttacattal860
aaagaaat gatt act caaact gaaggaat gagctttgacgacattt cagcagct gt act al920
aaaacaaaaat agatbtogt TaEatiec a1t ggEaddaat™étd t acct gat at agt t aca1980
gaagcat ct gagaaaiid.ai t ccaaaacgat cat at cgaat at t aaaggat gat gaagt a2040
at ggaaat t aat ack gaaattctttgcatacaaaattaatacatttgatgaagtg2100
ccatt cgat gt aaataddt{ fgct gaact agt aacagattctccagttat at cagcgat a2160
atcgattttaagacattgaaaaatttcaatgataattatggattcact cgtacagaagcg2220
ttaaatttaattaaat®gaht ccaaatatgttacgtaatttcattaatcaa aat cca2280
2t 1 at aa00EIERARES QoI tE At B S Lo B A EEE 530
ggat gt gacGadgastdl GataPgcc2d knr B 0Gg <dht PotopMAagac2adya HinvarrtadD0> 28@t gt at ggt ¢

tt gaat at aﬁﬁ%;‘&éafﬁacgt’ééﬁgﬁggg qggggg%;gagﬁg@i@% gg;gggggg@ggg@ggggg taa3s?

1

atactta
aat cagt aac e Uastant i o5ic a6 At b aleat Al Ghid ghdigakdad2akab Blcgtagaatso
tattt gcct tgacaageedayagrrat taatgggsﬁt TWARIWALT R arEBPagrretLea 420

gaaatgtfta gaagcdgtag tcadaatgaa ttttataata gacgtacatt aacttctgat 480
accagacttg taggaatatt taaatatggt ggaagagtat ggacatttca tggtgaaaca 540
ccgagagcta ctactgacag ttcaagtact gcaaatttaa ataatatatc aattacaatt 600
cattcagaat tttacartat tccaaggtcc caggaatcta aatgtaatga atatattaat 660
aatggtctge caccaattca aaatactaga aatgtagttc cattgccatt atcatctaga 720
tcgatacagt ataagagagc acaagttaat gaagacatta tagtttcaaa aacttcatta 780
tggaaagaaa tgragtataa tagggatatt ataattagat ttaaatttgg taatagtatt 840
gtaaagatgg gaggactagg ttataaatgg tctgaaatat catataaggc agcaaattat 500
caatataatt acttacgatga cggtgaacaa gtaaccgcac acaccacttg ttcagtaaat 860
ggagtgaaca attttagecta taatggaggg tttctaccca ctgattttgg tatttcaagg 1020
tatgaagtta ttaaagagaa ttcttatgta tatgtagact attgggatga ttcaaaagca 1080
ttrtagaaata tggtatatgt tagatcatta gcagctaatt taaattcagt gaaatgtaca 11490
ggtggaagtt attatttcag tataccagta ggtgcatgge cagtaatgaa tggtggegcet 1200
gtttogttge attttgecocgg agttacatta tccacgcaat ttactgattt tgtatcatta 1260
aatteactac gatttagatt tagtttgaca gttgatgaac cacctttctc aatactgaga 1320
acacgtacag tgaatttgta tggattacca gcocgetaate caaataatgg aaatgaatac 1380
tacgaaatat caggaaggtt ttcactcatt tctttagttc caactaatga tgattatcay 1440
actccaatta tgaattcagt gacggtaaga caagatttag agcgcecaact tactgatita 1500
cgagaagaat ttaactcatt gtcacaagaa atagcetatgg cacaattgat tgatttagea 1560
ctgltgecte tagatatgtt ttecatgttt tcaggaatta aaagtacaat tgatttaact 1620
aaatcaatgg cgactagtgt aatgaagaaa tttagaaaat caaaattagc tacatcaatt 1680
tcagaaatga ctaattcatt gtcagatget gettcatcag catcaagaaa cgtttctatt 1740
agatcgaatt tatctgcgat ttcaaattgg actaatgttt caaatgatgt gtcaaacgta 1800
actaattcat tgaacgatat ttcaacacaa acatctacaa ttagtaagaa acttagatta 1860
aaagaaatga ttactcaaac tgaaggaarg agctttgacg acatttcagc agctgtacta 1920
aaaacaaaaa tagatatgtc tactcaaatt ggaaaaaata ctttacctga tatagttaca 1980
gaagcatctg agaaatttat tccaaaacga tcatatcgaa tattaaagga tgatgaagta 2040
atggaaatta atactgaagg aaaattcttt gcatacaaaa ttaatacatt tgatgaagtg 2100
ccattegatg taaataaatt cgctgaacta gtaacagatt ctcragttat atcagcgata 2160
atcgatttta agacattgaa azatttaaat gataattatg gaartcactcg tacagaagcg 2220
ttaaatttaa ttaaatcgaa tccaaatatg ttacgtaatt tcattaatca aaataatcca 2280
attataagga atagaattga acagttaata ctacaatgta aattgtgaga acgctattga 2340
ggatgtgacc 2350

<210> 2

«211> 1009

«212> DNA

<213> Human

<400> 2
atgtatggtc ttgaatatac cacaattcta atctttctga tatcaattat tctactcaac &0
tatatattaa aatcagtaac tcgaataatg gactacatta tatatagatc tttgttgatt 120
tatgtagcat tatttgcctt gacaagaget cagaattatg ggottaactt accaataaca 180
ggatcaatgg acactgtata cgctaactct actcaagaag gaatatttct aacatccaca 240
ttatgtttgt attatccaac tgaagraagt actcaaatta atgatggtga atggaaagac 300
tcattgtcac aaatgtttet cacaaaaggt tggecaacag gatcagtcta rittaaagag 360
tattcaagta ttgttgattt trtotgtcogat ccacaattat attgtgatta taacttagta 420
ctaatgaaat atgatcaaaa tcttgaatta gatatgtcag agttagctga tttaatacttg 480
aatgaatggt tatgtaatcc aatggatata acattatatt attatcaaca atcgggagaa 540
tcaaataagt ggatatcaat gggatcatca tgtactgtga aagtgtgtcc actgaatacg 600



ggat caat gg acact gt at acgct aact ct act caagaaggaat atttctaacatccaca240 ttatgtttgt

att at ccaact gaagcaagt act caaat t aat gat ggt gaat ggaaagac300 tcattgtcac

aaat gttt ct cacaaaaggtt ggccaacaggat cagt ct att tt aaagag360 t &t EERiliia
“ttattgatttttctgtcgatccacaattatattgtgattataacttagtad20 ctaatgaaat

att at caaaatgidegaabt fgaiat e cagasid-ageagatick aaf adda848095@a1:Qaat 90teeso
t at t t aat ccaatgggedat ataaatrabdatad ot bice bmeade %gg@ga&a%@ttt cpaat aagu

ggat at caat qmg&gcﬁmﬁcm@ﬁ@g@@t SERCR POt LR B200
caaat gt t aggasd.asbkt Ghtpgagnasanadagh agackeqict ageaat gotiget4ag660 900
aat gaggact sa attagﬂtcgg@lig gaﬁgéﬂ gga@aaamgeaqaawaeraaaeattwaea?zo 960
act acgacat §FECE St cFATR Tt 3G %tg:? Yt EESgHGAWAST gt aget gt a7800%°
at acaagt t ggt ggct ct aat gt at t agacat aacagcagat ccaacgact aat ccacaa640
act gagagaat gat gagagt gaat t ggaaaaaat ggt ggcaagt atttt at act at agt a900
gatt at att aaccaaat cgt gcaggt aat gt ccaaaagat caagat catt aaattct gca960
gctttttattatagagt at agat atat cttagattagatcgatgtgaccl009 2




