WO 01/ 12797 PCT/ EPO0/ 07965 Vaccine This invention relates to novel vaccine
fornul ati ons, nethods for preparing themand their use in therapy. In :
particul ar the present invention relat&s to novél*‘otavirus vaccine
formul ati onpaimrécut e, infectious diarrhoea is a | eadi ng KesRnehedi sease
and death in many areas of the world. In devel oping countries, the inpact
of diarrhoeal disease is staggering. For Asia, Africa and Latin Aneri ca,

it has been estimted that there are betmeen 3-4 billion cases of diarrhoea
each year and of those cases about ™ nillion result in death (wal sh,
J.A et al.: N Engl. J. Med. 301 967 974 10 (1979)) Rot avi ruses have

been recogni.sed. as, one of the or causes sey e dlarrhoea in
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Publ i shers i 'adel phia, 1996).- It is estimated that rotavirus. 15 di sease
S res%onsr ble for over one million deaths annually. Rotavirus-induced

i |1 ness nRage, .nfeetrsn@aurbho@a‘résresa Ggf&auded;r&réba&eémsahﬁmﬂarzés deWek. ¢f age, and

t he' peak prevalence of ease generally occurs durin the cool er

nont hs i ndevelpprg-cguniries) thermpaof d@ﬁbpegwﬁasemgerwg quéﬁlﬁc%f'llcaéﬁ
Rot avi “JS riéé‘tth*aé’&leﬁ @:ﬂh‘éte& Fraf\Rers hrk BetwbdnR tﬂlﬁcfn%@ sloPdi é&é&c#YeaFél@

faecal - rout an 1 ncubation perio rom out 3
days. UnI oﬂtitose eﬁses:abp@ﬁ 10 million esalt lﬁdeaﬂhtwatfham 2talithngl. & diedgBH7-9Heonat es
are ge@er@ % asynptomatic or have only mld disease. In contrast to the
severe di e normal |y encountered in young children, nost adults are
protected as a result of previous rotavirus infection so nost adult

i nf ecti On§°@"i’§§g}’£££§é@é QUBd df th(eQOEt'rﬁrpoﬂFrrt'éaus?%of@ever ag?r%’eg i ner -

8(8):21-2 viruses are "t hei r name
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structure P I [ Vi rus
U r ounds SHRTUR1 oy ¥iods et Ve s, I dBRER. sk, KRR Helicih®
genondb of diseaseis sesponsible fos ovecmemilmncﬂeams mnuaﬂyegkntavtms-mducemllrtaksanst randed RNA
whi ch encqde a St..l1.di s f t hese viral
br ot oi no. STl 2R Biatehaias G aY plhe B ok, Sl peal AR lior PR o1 e
. doubl e 30disdaed gend'aly&pansﬂuﬂmgtbmtwbﬂnonﬁhm tempwlte cinptes Chndirea'-ruand mt avi:rus - -
presents ne prote which  is rus rotein dVP6 The
el at i ve ToHsaleSas Roafeen B8 Snkal Danspil o peffonfesspn By e el el -
PCT/ EPOO/ @ittPdnlncubation 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 to

the severe disease normally encountered in young children, most adults are protected as a resuit .

of previous rotavirus infection so most adult infections are mild or asymptomatic (Offit, P.A. etal,

Comp. Ther., §(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 Typrcally, the double-she!led capsrd structure of a rotavrrus -
' surrounds an inner protein shell or core that contains the genome. The genome of a rotaviris is B
composed of 11 segments of double-stranded RNA which encode at least 41 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 VP6. The relative importance of these three particular rotaviral



-proteins in eliciting the imune response that follows rotavirus infection
Is not yet dear. Nevertheless, the VP6 protein determ nes the group and

subgroup a and VP4 and VP7 proteins are the deter

- serotype sg{éég'?ﬁ& ty. 5 VP7 protein is a 38,000 MNegcopFlo.f'gF@%(%ﬂ, 000 MW
when non-gl ycosyl ated) which is the translational product of genomc
segnent 7, 8 or 9, depending on the strain. This protein stimlates
formati on UOtWﬁBGMP@ﬁeWQBMS&@t&HWW$ fectionisgt yebleari r us i nfection.
VP4 pr ot ei 00 MW whi ch
Is the traﬂes‘)l |ori h%fue@t%éie '&gﬂﬁg%gh &% %"ﬁgvg‘}%’@."g al so

st i mul at espmieing aralhesietatylmnlsptmwm spetifioity.ng rot avi rus I nfection. 10 Since
VP4 and VP7 proteins are the viral proteins agai nst which neutralising

anti bodies are directed, they are believed to be prinme candi dates for
devel opﬁEnVPb;ﬁrotemisa\as;O(nMWagbjo@prmﬂ (34,0000vwl when nop-glytasglated)whigh Bithest r ot avi r us
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t he natural ro n L on of # vacci ne devel opnent for
preventing f‘?ﬁ y@&ed W;eg‘é’% ?@W"ﬁ@égﬁ'ﬂﬁmﬁ%‘w& ﬂ%traaﬁ ignal prg %8 di scovery
of the vi r é‘nomlclségrﬁehed 1 Tyis peoteinealse alirahtsdtneatialisingfantibotypiolowing Sotavirgs ifegiias wer e
st udi eg had m xed or disappointing results. Mre recent efforts have
f ocuse Oon human- ani mal reassortants that have been nore successful. A
rotavirus shée¥ra dﬁﬂlwﬂpra&nﬁ&e the vifgrotaineay aﬁﬂwrch heutralizing ‘é\&ib@dles?a&,e US Pat ent
Nunber 5,474,773 25 a@gf gns tein, ‘g &X Vacci ne, }f

381- 387, 198¥scted: iy gt believad1p ke primp candidates fof e'PR"(‘ﬁ’H m@'f"c'ﬁd‘lat’%'}ﬁ ording

col | ect ed biofBtion adahsterRbifs Mheds.chi |l d with natural rotavirus illness in 1988.
According to US Patent Nunber 5,474,773 the HRV. 89-12 human rotavirus was
then cul ture-adapted by 2 passages in prinmary African G een Monkey Ki dney
(AGWK) qgel muﬁnétaﬂrum&s&g@&ng Earg/lenna%d mhm to 8B Hr@ﬁétfvé Rbnfly Viard in J.

Cin. Mcrobiol hen auepurlfled3t|rre530

in MA 104 Adivg aftequatsd miayisusyacom isie 'htghlbmr@lee Breferable (i houkd e aperalsages in
these cel | ggoc@fu s thid ishhd fadurat m%ﬂﬁgﬁﬁm@cﬁ&%fj additi onal passage was nade
or

(passage 1 ep03|t|on W t under the accession nunber ATCC
VR 2272. The deposited strain is known as 89-12C2. '

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 Bemnstein, D.L. et al, Vaccine, 16 (4), 381-387, 1998. The 88-12 strain was isolated from a

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

to US Patent Number 5,474,773 the HRV 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 irnnmunogeniciity

of an orally adm nistered |ive human rotavirus vaccine candidate. This

vacci ne wa¥W@W¥1aMied from strain 89-12, attenuated by paPEIEPOYITSS hout

pl ague purification 26 tines in primary AGW cells and then another 7 tines

in an established AGW cell line (33 passages in total). 10 Hereinafter

thfe af o 3 efé’ddﬁor@%@ﬁdgélhawtﬂdﬁ l(pabst%g'e ’_m?lfbﬁdé‘p_%if:]oﬁwituthﬁﬁﬁ@Mr tﬁ?ladcéd’s'ﬁﬁ' Wi lld gg
referred to as e material whic S en serially passage

tines wil |"%@%%ﬁ‘éﬁ@%oﬂagew@sﬁ‘{"QA'@‘@W@P%&,‘%%& avirus derived by
passaging 89-12 ntinmes will be referred to as Pn. In.the exanples which
follow the P33 material was passaged a further 5 times on Vero cells. This

15 is ref eftecl§98 paperdn Vageine by Bemptsin etahig referrd foslowag the Yaesine (1988) pepert he Vacci ne
(1998) pap ' ' - | t hey
anal yse%) tg‘{eep\séﬁéégfgia@ﬁs Fﬁgiﬂ ?y glggrgﬂ{lilihgﬁ%nﬁcg*gg{i grralilygdgtnéngﬁ?e'dg% ']u'ﬁl Qé]rglééﬁﬁw been
f ound t hat vactiee qapdidaico Jhis ¥acripgwasoblainedien strain 89rd2, jaftengated byrnessegingwithods a .
m xt ure of ' : IS ' DY ¢ | cterisation
as descri b@#ﬁ@?@%@eﬁ@eﬁg@@ﬁ?@%ﬂﬁ?ﬂ%?@‘E@%ﬁﬁg‘;’?ﬁgﬁgﬁ é}r' éstfrl])@stﬂ E(g reliably
consi st ent AQMISaeliding (Shpassages infotaler passages, in particular... for the
production of vaccine lots. Sinmlarly, P33 conprises a mxture of variants
and is not reliably consistent for the production of vaccine lots. 25 It
has bed&h fdereiokftetthe aforesaidmmateriatavhioh haslbe¢nssedallyrpassaged 2Gfmes will be seferred torase VP4 .
gene vari a . sim ] X i,ants. These
variants ag%?}g?ﬁ)‘?g‘a%ﬁggﬂ'gﬁgig%egasﬁawé??%#ée(dr%rﬁeéw Eefe%rﬁieé%?ﬁnéd ralising =
epi t opes, generahmetagitus ieyed bytpassaging B9id pitimesiwithbe teferredXd @& Pmhen eval uating the -
neutralizing antibody titers of sera frominfants vaccinated with P33

agai nst these variants. This is 30 illustrated in Figure 3. 3 WD 01/12797
- PCTI EPOQ Ol @t examplesiwhieh fotowethd R33meterit] avas pdssagedia futtber 5 thesontVies BIR3 Thimt eri al i s
adm ni stered.to '{nf?gés, two ldentified variants are.replicated and :
excret %6 & nat ed ‘i nf ant s, only 2 showed signs of gastro-
enteritis due-to rotavirus Infection, while 20% of a pl acebo group were

acsaci at ecTFER o0 BB BORR SRR e VAP oo oRER b S SonBtaFAGHT v o

provi des acoliEtion) for akre Sep analyséd ig establishiheirgsneticchamcterisationd an i nproved |ive

20 Ithas 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 fiters of sera from infants vaccinated with P33 against these variants. This is
30 illustrated in Figure 3. '

11



-attenuated rotavirus vaccine derived froma cl oned (honogeneous) human
rotavirus strain. Accordingly, according to a first aspect the present

i nvention provides an attenuated rotavirus popyliation “ﬁﬁ’%@"éﬁﬁfy R

“characterised In that it conprises a single variant or su
single 10 variant, said variant defined by the nucl eotide sequence encoding
at least one of the major viral proteins designated as VP4 and VP7.

Pr ef er abl yFurthermomitias beeg fayagtptainenine BELeaterialieadrainisterad tojnjants waidentfied, ¢l oned
variant. 1gargits fre RépiRidled andekcre@HTH 180 ot iﬁftgdt@, oMfP bidibd sighs oPgipd-ant | ally a

single varirant, Is neant a rotavirus popul ati on Which does ndt contain

more t han eweris dusdo fotawirus infastia, while 20% pfaPlasehogiup wewtinfeqtade Thesa findings ess than 1
%of a di f%@é@s‘?{hatbs iﬁé?xﬁﬁedﬁﬁri?}@ﬁﬂe%&oﬁiateykimﬁotmmh@ﬂﬁxs ﬁig%g e purified to

honogenei t rsu anti al honogeneity by ‘passagli ng on sul )l e cell types
or by pérf dhepresgntnvention provides 2 methed oiseparating rotawiris Meiants epdsan ipproved livedvant age of
the inventi | At Fol Sl | | IS nore

sui tabl e f(a)ﬁ) u%t%der&%#’?rgﬁcgﬁ)%h@g 8@1 a%@ﬁ@i@@e‘ﬁ?ﬂe\% h@%gq?t%@pé %g&'t i cul ar

vari ants defined by nucl eoti de sequences -encoding the major viral protein

may also b [ | . ' l.an _of

ot avi rus (FEEBERRcorng b fRefRREicn B naRBH pofocsaf el fifs

subst ant i apbpulationr{igblate)ychaiactadsed in thahiecomptises & single pevipntlonsubstantialfy atsimgle i nvent i on
is a vapiant. in ich e VP4 gene.conprises a. nucl eptide. segquence

conpri 3png"%[?"tl s@ggvgnanb#ﬁne(g)éy ﬂ'ﬁg”q‘% '#@gﬁﬁﬁ@ eﬂ?f’%%éﬁ?qsfgo"ﬁggtge @%?r vg%l posi tion
788, an adertene désigpated 45)VRdtangWR.ti on 802 and a thymine base (T) at
position 501 fromthe start codon. 30 4 WC 01/12797 PCT/ EPO0/ 07965 In a
further aspect the single or substantially single variant in the popul ation
of the i nverferably theotaviruy populativh atdordint tothe inveationis/a gemeévapigipr i ses a nucl eoti de
sequence conprising at |east one of the followng: a thymne (T) at
‘position 605, an adenine (A) at position 897, or a guanine (G ‘at position
897 -fr am t IBpa pépalationtOfpiRing Fsingi€vanint or flbstadialyid smaleSarant, BeieantiaTotaitusdeni ne
(A). 51In a preferred aspect the smqlf vglrlfamtb In the Popul ation according
to the i nvgq@,agqp which doas ngtfantain more than 10%, and preferably less than 5% and most

preferably less than 1% of a different variant or variants. Virus populations can be purified to
homogeneity or substantial homogeneity by passaging on suitable cell types or by performing a
series of one ar more cloning stepé. _

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 nucleatide 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
si ngl e var| |.n.the popul ation according to the invention has a thym ne
(T) at pos%’r&@bS and an adeni ne/ guanine (A/ QG at posi PEUEPUEPE om t he
start codon in the VPT sequence. Mst preferably in the VP7 sequence there
Is an adenine (A) at position 897. |In a particularly preferred aspect the
si ngl e var inafurthénaspeatdhgringlelonsubstantially singlel vatigntinthe papwiation wtthe inventidndssa 15 an

he start VRGa ARh o REP o Corles 3o @it ol By B RS 00 P o O

605 and anfolipelingi atiyminedT)iahposiiddB05,zn adqnine i(A)iabposi8&nB9T ror engtidnine (3)at gositishdon in

t he VP7 se nce. st, pref L. \VPY uen there 1is an adenine
(A at pos@?’%%@l\f/ﬁ%gl ﬁeg{qg\?#@é@géﬁe’?ﬁ@ﬁg&rﬁ'&'fegﬁ\/ari ant conprises a
nucl eot§ de sequence encoding-a VP4 protein wherein the nucl eoti de sequence
is as sho in, Figure and/ar .a nucleati de sequence encopdin a VP7

br ot ei n wBRETIFTERRSPert e Sk taEnt B Tt karS BN TR et fthan adeniienc
present i nApstipbsitionsHss andBOR wndtethynting () 4 pesition 501 o Wiw stk cOdon G the/ VU S

popul ation conprising a 25 substantially single variant, the nethod

conpri si ngg.eni)%ge&‘(j‘?'ng a rotavirus preparation on a suitable cell type;
optionally sel ecting honbgeneous: culture using the steps of either a)

limt dilution; or b) indiyvi and, 30 checking for the

| pl . isolation;
presentl o anptherpefermdiasnect the ng]%ﬁd F@"ﬁgﬁ’g H?P:“Fagﬂﬂg%w@i to,the inysntion hega yence

det er m natthyiineqf) a@gosmosaﬁd a’rhtaﬂeﬂinﬁghﬂfmeQNGj APosifloA 89T bthe ST/coBYE Sequence.
51(r)f.. 01112797 PCT/ EPQ0O/ 07965 The sequence deterni nation nay

sui t abl y 1Be Vil sequeaceo fostpietesably inthe VR Tsenuraceshere is gn adaniap {A) gtrositien 897.
hybri di sati on techni que such as slot blot hybridisation or plaque
‘hybridisation. 5 Preferably the selected variant is a variant which is

repl i cat ednaneticulady reefereedaprept thepingisvariantimie Populetiopiapqerding tethe invantioshas s

adm ni g4 er ' ' ' osi | Lting
ol oned' fE‘%;‘;o"ﬁ‘gS@Eﬁ%?"?Z?ﬁ??jﬂ?@ 23l ) aononS01 Kn 8 M (3

i nvent i on theP4gsene seayence; andce thym ahposition:608 aed anpdenine/guanine M & cel | 1ine.
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 variant comprises a nucleotide sequence encoding a VP4 protein
wherein the nucleotide 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.

The present invention also 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 dilution; or '
b) individual plague 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 and/or VP7 gene sequence.

f
T



include fo

.10 Suitable cell types for passaging the rotavirus population in the above
met hod include African green nonkey kidney (AGW) cells, which may be

establ i she%&ié | nes or primary AGWK cells. Suitable ngl nes
e Vero (ATCC CCL-81)% DBS- FRhE:2: (ATCC CL- BSC- 1

.....

(ECACC 85011422) and CV-1 (ATCC CCL-70). Also suitable are MA- 104 (rhesus
nonkey) 15 and MRC-5 (human - ATCC CCL-171) cell lines. Vero cells are
particularly preferred for arrpl i fication purposes. Passagi ng on Vero cells

ivesahl is a single
Var i ant. i 18 sgiuplt® obeffhuon iy a8 e oo abti S Stalla e o e ’
det er m ni nlg'bﬁdmtmaéohmwe(sﬁcﬁdsabt tﬁothgindisaharrorqnlatwe hybridisationst andar d sequenci ng
or 20 hybridisation procedures known in the art and are descri bed
hereinbelow. In a preferred aspect the nethod of the invention is carried

out usifg Ppraferbly theReleddderarant ie s varant which iséplicatddand gxcretedavhion the staging ng t he
characteristics of th 12 strain or a. pass erivative thereof.

35 A par | DA PFRER i atuteer g e sl DRAIRIA PGHEL o Paz. *whi ch vias
obtained from P33 (an isolated hunman rotavirus passages 33 tinmes in
culture on_appropriate cell e eries, of ution cloning
cteps. Tol | SRR STy ropuelD e uRom i ol cOenidinads e rprien maybo
anplificat h@ﬁ,femﬂﬁh% nalsuitdblewaBingeposi ted at the European Col | ection
of Aninmal Cell Cdltures ( CC), Vaccine Research and Production

Laborat%ry, Public Health Laboratory Service, Centre for Applied 6 WO

01/12797 P&litabiECéNtfpéSe i m@t&dvmo oiF iR §R b6V methed infiddeXmnan  Sal i sbury,
Wltshire, SP4 C)JC'%‘b Unﬁag%lg ?Jéﬁi August . 1999 under the deposition

number 9908reeIonkeyfiapy ARMK} @th'eh mw@ eﬁia'a!'alfﬁéﬁ" lipesQrpmary AEMKsellgh t hi s
‘indicated Bhiﬂblbﬁeﬁlk%éli Ay lﬁledHfokéxaFnEIS Vero ot ce:sdcmms Impe-FrhL-2 ptricdgoy he human

rot avi rus IS not al to? OSSI | e”’or inprobable that simlar

and funct|Bﬁﬁ11l(§CP&9f§§9Hﬂ23)aﬂ'q§V @Jﬁpl% ) N?Péﬂ)ﬁablﬁéfééﬂprﬂoél@f‘esﬂémﬁﬂ‘@ﬂuced by
these qg Ols RAURGE (IR ATCOCEMTAf ool s P8 LGS ofthculafty grtion.  Such

functi onal ant1 al I dent rotaviruses are cons ered to be

bi ol ogi cal lampl'tﬂmﬁommms t%ssaglmaom\(ﬁfmwﬂ&waahlgmwmpwgdof this invention and
therefore are within the general scope of the present invention. It will
therefore be understood that the invention enconpasses rotavirus

popul at i onJechoiqueadar chpckingavhethentaare e aisigle vasiandin 2 vires Fepdation rasulting fram thgescri bed

herein. . mnethod, 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 caried out using an appropriate rotavirus,
particularly rotavirus havmg the characteristics of the 89-12 strain or of a passaged derivative
thereof. '

25
A particularly preferred single variant population is P43, which was obtained from P33 (an isolated
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 cells for amplification.

30  AP43 population was deposited at the European Collection of Animal Cell Cultures (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

processi ng by propagating it by further passagi cl oni ng, or
ot her procg@ﬂﬁgég53|ng the Iive virus or by nodifying P4§gFﬁmgWV“§ay 15

i ncluding by genetic engineering techniques or reassortant techniques. Such
steps and techniques. are well known in the an. Materials derived fromthe

deposi t ed Wierabieledy@hd Besearch Peston Bowsy Sallsbury, Wiltshirs, 874 QJGcUnitedKingdomen 3 and
~genetic maALlSPét 499 uﬁet ﬂ@%ﬁoﬁﬁ%%mﬁeﬁlé@ﬁ?ﬁﬁ ulér tHetéims &rtﬁeaéquh?ﬂe%;ﬁ%%us es whi ch

conprise at east en or at 1 east one segnen for

exanpl e reassortants whi ch conprise a virulent strain of rotavirus in which

genone Sodhafien B feed BbictaBBRy Sy SFMES el Py iind e Sndir Sty ' "

rotavi raus. P%aasmtblwgethérumpubdlmmpmbammﬂstmnamd fuactionadly substm]ianyrrdenmldi ng for

Ronssor t arfPAPuRR TRty e o BHEE e R el Bif fw‘ff»'rﬂf BB Knoun

(Foster, I%ucﬂﬁndtbnaay‘sﬂnbéﬁzmaw Mblitu:al fotavilused art censidéredio bebiblagi ui\/ﬁém tone, a

oL em A 2 Bt B RS R “fsﬁéﬂeaqjs P%ﬁif Fiteal |y

active d eriavéstion vmﬁnll mterefaf%e undenstaad thattte invienfion easdﬂpassesioﬂamabchpuﬁﬁonme ans

materials obta d fromor particularly 30 antigens of
the vitush Wﬁ-gfagt @%m%wva@“fﬁqeﬁwée%@’\mne response that is -

reactive agai nst Rotavirus when injected into a host animal. 7 111111 | WO

01/ 12797 PCT/ EP00/ 07965  In ad the rot , . iate cell
ime. ' or Tonkate vetera el iohig) tpomAsesed bl tived ogte dRBed Pk <o e

to get ri ECACCA0081BM®ILL) BlbjedlingGed et procabsirgléQéh 3By propagatily @ Bj fulthepus agent s
that may be present and whi ch woul d o herw se cay se c ntam nation. In the

case of etPAEsA0Iag: AleRIRg, Hrother pIpRedNFRS; Uing ihe “(?l"l“t‘?s"égym‘f Résyn X Wabne by et her

treat mgnt .&mﬂgfs,cgehaté@ndw@émg@éemx? 85 or Féu8soRtar feRffliqued. rSO@rﬂ*,téﬂé@n@de&ﬁlqﬁé' ates to -

I nclusion of such ether treat as an optional step in the overal |

procedur e FoNelkpvgiimthet.an attenuated I'i ve rotavirus or vaccine fornulated -

therewith. Also within the scope of the invention are adm xtures of P43
with other rotavirus variants, for 10 exanple other cloned variants,. or

wi th ot herMalarials desived fromJbe depesiiedf43 whisk.are ﬁ?"@@ﬁ by he aveption jaduge projeitend ni xt ures -

ﬁéfefﬁ gfeillgwﬁéﬁc hbRria, %ﬁbﬁ&ﬁar Merdstife Heék%@r&hi rOtEvindds WhicREdtpHiset lehdtBhb
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 ther___éof 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, 9 (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, whic_h are capable of eliciting an immune response that is reacfive against
Rotavirus when injected into a host animal.



BT RO

.The present invention also provides a live attenuated rotavirus vaccine
which conprises a substantially_single: varj ant, popul ation adm xed with a
sui tabl e adjyypfdbes0r a pharmaceutical carrief. 15 Prefer

"rotavirus vaccine according to the invention is a nonoval ent rotavirus
vaccine containing a singl e rotavirus strain. THé present invention is
particularly advantageous in providing a |ive rotavirus vaccine in which
the 20 live attenuated rotavirus is a. human rotayirus and does not cause

i ntussuscepj bd%gtmg@lé'r&tﬁ\h}hﬂolaﬁ‘éﬁpmﬁﬁé'&énﬁ@ fof kainple V&S Lk, iLrisy teheddd@nMacci ne

according to the invention. include those  known in the art as bei ng
sui tabl e f drealghexirus:39rs f gst fidaf anyrpoteptinlroptamingn} sycy as Ayadyentitious,egents figt i er s

i ncl ude anq‘\]ﬁ&@ 8?39%“ éddmhkﬁﬁo&@otﬂé\ﬁlgﬁﬂﬁﬁrcaﬁt naﬂ&? |ithﬁé €430 6f ether-8dmki aC' ds,

al um ni um magnesi um hydr oxi hydroxyapatite, ta
titaniurh oﬁdwﬂtuous usasythie wRY heedonexugaﬂ@strme@t agate%mbed Hereinbelow. The present

car boxymet Weﬁn%b s RBRs 1o q#.sewfen&%e FeRlaliénfR o b selT i Hedibrtp ! 21 |1

cel | ul ose, veget tone ane carag enane, arabic gum |
- cycl odext rprocedul'mferobhmmgtan a&en@at@dlvg)mwwesvawrpmweted therewith. epar i ng a
rotavirus vaccine, for exanple by freeze 30 drying the virus in the
presence of suitable stabilisers or adm xing the virus according to the

i nvent i on viNgolwithin theiscopb bithedioNentioaate admixurea of R43 wilh otharlrotavirus vadants, &r WO 01/ 12797

PCT/ EPOg 07 . of the
I nventi on i%glﬁql%#he_rg@iegggr\ﬁagﬁ,%iW@g@@ﬁﬂ&%&ﬁcﬁ%@ epgﬂeg a?th\@'gsg %l) n%‘@ﬁ in oil

i n wat er ermikisrieoars useful initelvaecines oféhe invention whichsare dés¢ribedizereinbelow. or i n addi ti on
i mmunosti nul ants such as those known in the art for oral vaccines nay be
included in the 5 fornulation. Such immunostinulants include bacteri a]

t oxi ns, parThepresent inyentidnalse pravitlesxilive ftefdated rotdvimgs vaéotnewhish cﬁrﬁpusésml ot oxi n

I h bi l '
M o s e BBl T R S BBl BRa T o
~their atgive formthan the native LT are described in WO 96/ 06627, WO

93113202 a US 5 109. 10 Fur ostinula jch ma

v an age ErRHE v RS rod e oty ol R § Do iR e el an
nonophosphodrombmmg ngﬁbmbmawmsmm i cular 3-de-O acyl at ed m)nophosphoryl lipid
A (3D=MPL). Purified saponins as oral adjuvants are described in WO

98/ 56415. Saponi ns and nonophosphoryl lipid A may'.be enployed separately
or in conbiTigiphesdht ientbn idiartddiary Qm%ééﬂﬁn Eﬁﬁ&ind%wé théi?Ms%&ﬁhe'rrﬂMﬂéﬁltﬂévam

syst em; t oqet her with other agent is a well-known
ive attenuated rotavirus is a human rotavirus and does not cause mtussusceptlon o

Suitable pharmaceutical camiers 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 limited to carbohydrates, polyalcohals, amino acids, aluminium hydroxide,

25  magnesium hydroxide, hydroxyapatite, talc, titanium oxide, iron hydroxide, magnesium stearate,
carboxymethylcellulose, hydroxypropylmethylcellulose, microcrystaliine cellulose, gelatin, vegetal
peptone, xanthane, caraghenane, arabic gum, R-cyclodextrin.

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.



15 adj uvant manufactured by Ri bi I munochem Montana and its manufacture is _
described in GB 2122204. A general discussion of vehicles and adjuvants
for oral inmmunisation can be found in Vaccine Design, The Subunit and
Adj uvant AXBOYYR  edited by Powel | and Newran, Pl enum PPEWEPOORZS 20 York, -
1995. The invention also provides a nethod for vaccinating human subjects,
especially. infants, by admnistering to a subject in need thereof an

ef fective anmount of a vaccine conposition according to the invention.

Pr ef er abl he | d i ' dm,.ni . d |
i i ot r Joren s bR auS B Gyl W v o e RSV ISRedpBhS et ¢ ne
i nvent i on virksohesonligosdnes, imbilifwater emoksions ol vithocarret partitles.cAliematively vein i on of t he

vaccine b cid in the stonmac Sui t abl.e ant aci.d conponents, include
i nor gani c% BWW"?“B‘P'@%HEEPQ‘%?F E’Fﬂwﬂi' r%%??f@'“&%@%i?ﬁ’dﬁ#?g' nesi um
pydr oxgde fdﬂtbﬂéﬂob.ZSuch itmnﬁﬁmm?mﬁhdlwe moﬁﬁhimim, pagrcmigdﬁolefégbﬁ%@nﬁuﬁui : abl e

or use in e invention in e nt er e rk) whi ch contains
al umi ni umfary) attsdiolpkoxia fentn E@@SBM%&WEE-FB?H%& ann@al?d)ﬁglggrgt%@fi n water-
and are gipV& (LT MetdfeB ETS{TRYS) whicHdrt less 1106 1 26nvarT R e GativERFIHET 6 Rativel UMM ni um
hydroxide 1s a particul arl ﬁﬁﬁr eferred conponent of a vacci ne conposition

accor di ng LT @re depgibed-y W 960REZI WP PI/A3R2 and B %8248} only an antacid ef fect

but al so an adjuvantation effect. 5 Also suitable for use as antacids in
t he vaccine of the invention are organi c antacids such as _organic acid

car boxXQ| aFwthseimmynosfimylanisrich &y aveniageeysly he inplided atssapraindsrivalies suckms of the
| nvent 10N QsoPadHHoAphBnGHI YA A FfRtictlarSRelRacylall frofcbhdsphdefl ﬁai% ablupLp sal t of

citric acid such as sodiumcitrate or ﬁ’otassiummtrate. A particularly

pr ef er r ed Puifieheapeninsies orahadjuvanis aresdegeribed in WO 99B6415n 8apoBiip@ndi ti on of the
£ % PRI s e i b ! . nat
Pooss) FRARAAR ARG b plydd ooy G bt o oM BP0

(CaC03). to associate with e rotavirus and

the r ot avmeybe famwiatedinadjuwankaysiamsogrther wilvathegagents. BMFbiiea walknowni th the
cal ci il f%ﬁ&@@gﬁaﬁufachﬁedT Rith ﬁﬂﬁﬁﬁéch@rﬁ,%oﬂﬁﬁ% éhh'itﬁfﬁarﬂffacﬁx?é i§4edtvedip B/Nat e during

x

the fi vi scous agents are preterably present in the
fornul ati 822204, - - :

A general discussion of vehic!es 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. o : |

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.

% | o | |

| 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 exam_plé aluminium hydroxide Al(OH)s and magnesium hydroxide Mg(OH)a. .
Commercially available antacids which are suitable for use in the invention inciude Mylanta (trade

30  mark) which contains aluminium hydroxide arid magnesium hydroxide. These are insoluble in

water and are given in suspension.




.Possi bl e viscous agents that may be used include pseudopl astic excipients.
A pseudopl astic solution is defined as a solution having higher viscosity
on standi ngus@RRARed to its-viscosity under 20 agitationge ,E‘g%}omgnts of
"this type are natural polynmers such as -arabic gp?m_____adragam gum agar
agar, alginates, pectines d¥ sem -synthetic poly#ers for exanple:
car boxynet hyl cel | ul ose (Tyfoses C(r)), methylcellul ose (Methocels A(r),
Viscotrans MC(r), Tylose Mi(r) and MB(r)), hydroxypropyfcellul ose
~(Klucel s(r ; ; K(r),
)\hmmﬁ)ﬂcﬁy??ﬁée%WEEnﬁgl)ﬂy'ﬁéfﬁbéb%&hésog%rggﬁ Jaéé%{ef&eﬁgdg;m%ﬁoeard.@

Vi scontrans MPH I'n general those p astic e lents are used

t oget her withetinvemtion a it eap providesnobepivanantagd efiecthut alspenafjuvaplationgffettt s t hat nay be
used are pseudopl astic excipients with low flow ng capacity. Those
polymers, at a sufficient concentration, give rise to a structural fluid

ar r angefrentAlso switablé for usg as antatids indie vaccinews the invention aré ergariccantanids $uokad | owi ng

capacity o . i ng. tal Lty of to b iven to
the. syst emSRNERTsH PR A b Abddin B o GRREMbolER T b Rueliot | o)

ar e needed coniainbes brganic acidroamoxylatel sglt, preferablyraselt ofrciric abill suctl as sodiugoitraedr | N or der
to obtain a tfal ui d.ts%I ution. 30 Exanples of such polynmers are Carbopol s(r)
and xant haf® ﬁlﬁ’m"”f *WO 01/ 12797 PCT/ EPOO 07965 Thi xotropi ¢ exci pents
beconme a gel structure on standing whilst under agitation they forma fluid

| utiqn. I t hi xat i i pi gnt Vi
(1) ( Nl TASEH P et i baPngy (25 B o apepsig ol hosrogent
m crocryst avértioeis mlids?lhmurslimrgmid sdlt] Baldian &aﬂioplate(dwb?. Bhe cfalcmmétav’ﬂer)ate i® The
vacci ne conposi tion of e.present invention preferably. c ri ses a viscous
ngent "sel oaDE I asipam ity he Rt 30 e o LR el B Ehalouiad BF RsoadRpos  § on
- of the presinthe caloitemdartonate.s preferably fornulated with a conbi nation of

cal cium carbonate and xanthane gum 10 O her conponents of a conposition
used in the invention suitably include sugars for exanple sucrose and/or

| act ose5 The predehEdedimeRtatish oFcalciuf RarBernaR difiigdhe Ming Step, VisdtasadeRts aftRYefdrabiif ai N
additional co ,orﬂTe?nts i ncluding 15 for exanple flavourings (particularly
for an oralp'eWQEEi domula®nhact eri ost ati ¢ agents. Different presentations of
t he vacci ne conposition according to the invention are envisaged. |In one
preferred enbodi nent, the vaccine is adm nistered as a liquid fornul ati on.

Pr ef er abl y Pessible viscous papnisdhal Banhel used inghidp gseudapiasiipexeipientss Amspusioplastc
adm ni str akkigtdn is'detfedths 4 Rldn hatify Highe! ibtbsitPort stshding BINMARE toits viscosity under
20  agitation.” Excipients of this type are natural polymers such as arabic gum, adragante gum, agar-
agar, alginates, pectines or semi-synthetic polymers for example: carboxymethylcellulose (Tyloses
C®), methylcellulose (Methocels A®, Viscotrans MC®, Tylose MH® and MB@),
hydroxypropyicellulose (Kiucels®), and hydroxypropylmethyicellulose (Methocels E® and K®,
Viscontrans MPHC®). In general those pseudoplastic excipients are used together 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. Extemal 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



1) virus conmponent ii) liquid conmponent. In this enbodinment, the virus
conponent and the |iquid conponent are nornally present is 25 separate
cont ai ner sy, 3@2 may conveni ently be separate conmpartnments of a single
vessel , or Jp} ate vessel s which can be connected in SKICHERSVKEES t hat t he
final vaccine conposition is reconstituted without exposing it to the air.
Prior to reconstitution, the virus may be in a dry formor a liquid form
Pr ef er abl yhikétepiv excipentstiecontenggehsirutture sn straiing whisbender dgifatipnihéy ferech fluidr us is nore
stable than virus in .agueous .sol ut i,on. | vophi l.i.sed.v]rus may be
Ui tab! y " Skl o d HO e % Vet Bbanci Rl Sicel 8 lox o 11
Rim| WO Qlitel RTD [abbit B9 Ricrachstaliie celluloseand 1¥% CaiboymethylosilieseiNap. Al ternativel y
the lyophilised virus may be reconstituted with water or aqueous sol ution,
in which case the |yophilised virus conposition preferably contains an
antaci ¢ qREVRERI Yompdaitibh ¢f theprebént invéntioh preferabily vombrisesa lisdoliagemesmitddses a Vi rus
component fornul ated with cal cium carbonate and xant hane gumin one
conpar t e ifPmgAnthABLQUE) O §1Kh-t hi s is reconstituted with water or aqueous
solution present in the second conpartnment or vessel. In another preferred
enbodi ment,, the vaccine conposition is a solid fornmulation, preferably a 10
| yophi | i sébﬁd%ﬂé@%ic@‘ﬂp"is@o“g&h? gissest inyention i pwigrathformulated with 2 eambiRation pl aced i n
t he mout hgt dadpRthbbia%nd kdAthEAd galil ons may conveniently be provided in the
f orm of taL ets In a pharmaceutical blister pack. In another aspect the
i nventon provi des a rotavirus vaccine in the formof a quick di ssol ving
‘tabl et T @nePioooASTof cohébitbPibed fhhelifveRidR SigHly RARAGhgal TG a1t on
- provides a conposition conprising a |l1ve attenuated rotavirus strain, in
parti cul asuospantilacteseavi rus strain, wherein the conposition is a. L
| yophilised solid capable of Inmmediate dissolution when placed in the
mout h. 20 Preferably the quick dissolving tablet according to the invention
- di ssol ves Thawactie comprsitiorodccardieg to the lisvendien mayrcontain agditional eamperanis inclydipg event
swal | QU1 N Blanlold itk GacLRHy P o7l vacDil) SndtRBE ARG dgints Par L1 cul arly

ous I ‘paedra

advant age r.c rotavirus vacci nes,

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

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

i) virus component
ii) liquid compenent.

In this embodiment, the virus component and the liquid component are normally 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 s lyophilised. Lyophilised virus is more stable than virus in an aqueous solution. The
Iyophilised virus may be suitably reconstituted using a liquid antacid composition to produce a

1



.Preferbaly the virus is a live attenuated human rotavirus which is
formulated with an inorganic 25 antacid such as cal ci um carbonate and a

Vi scous ag as xant hane gum A fwurther aspect of t

“invention :3@5?1219??0“ de a | yophilised fornul ation wherein ’gﬁ@?’%é
conponent is any rotavirus strain which is fornulated with cal cium
carbonate and xanthane gum 30 12. WO 01/12797 PCTI EP00107965 Vacci nes of
t he i nvent fiqwid vaegneriamelationn Migenatively e lvoptiised s maybespcorstiyisd wibwater ues, usi ng
a_ sul'tabl goRRdhidh!in whitfeabd thygo;shﬂi_swms SRpasitibeprbfersBiy BorRli%h aRtEciggai st
rotavirus intfectron wthout signiticant adverse side effects 1 n typical
vacci nees. camponént.abl e amount of live virus will normally be between 104
and 101 ffu per dose. Atypical dose of vaccine nay conprise 105- 106ft per
dose 5 and may be given in several doses over a period of tinme, for exanple
in two @os®refgablethe vactine farmulation-comprises a witue componenBlomudatedvithregiciinwever be

obt ai ned b aving,no t |48 ; regi men,
parti cul ar @%‘W‘%@%ﬁ“ﬁ‘ﬁ?ﬁ@&ﬁ‘ﬁﬁg @@%@eﬁéve?‘%ﬁge@va s geé\‘?n\ﬁg%ﬁéggﬁ@agerﬁgy be
more or | esqueolresolutioncpresent inttise decomg comparimpitionessehmount of |ive virus for a
single dose or for a multiple dose reginen, and optimal timng for the
doses, can. be ascertained by standard studies 10 invol ving observation of
ant i body t ilf anetherpnefert Brbodimeal tha yacsine congosijoa dstassolidoreulatian; praferablfy at he

i nventign Al so. conpr.i s ther suitable.lli yiruses for protection
agai nst,1(a ogﬁ"é‘?“’s@& ke whidis sruggb?eefgra{rﬁggtga_te @gﬁoﬁg i“%gréplacﬁi’lpzl?m?q%@?ﬁ‘ﬁ?eﬁer

sui tabl e | ifptulbtions aycameniently bé providedar the fanaftebletsrired prarmaceyticl elistsr paek. i N a
separate dose but on the sane occasion as the rotavirus vaccine 15
conposition according to the invention. Figure Legend for Figure 3 Sera

from t wel van dnotiver £pdtihé venlioh providesw stavias vacniag i thevidrinof 4 QackABSolvimyitabistal as
described in the, .20 Vaccine (1998) paper were tested for neutralization of
P33, P38, MArsraledpiniyatiob > The range of neutralization titers of all the
tested gera is simlar for P33, P38 and P43. The statistical analysis
shows no significant difference in the (,l)yer all neutralization titers

agai nst al |!n gnetheeaspert e Gyeationprovides;3,epipasition comprising live altanustedlayel  and

non- conf or ng@kih GN@kticRE A uAAA BRYIS Bt WhetBif the B8mpSitioR % lydpRftsed 36lid R4pabia" €
equal ly well recognized by the anti-P33 sera of P33 vaccinated infants.

ogn 1 Dy ;
This obserofimmegiatedisepiuieniihen placeddieibe ®oythat t he neutralizati on epitopes
revealed in this in vitro assay were not altered between P33, P38 and P43.

20  Preferably the quick dissolving tablet according to the invention dissolves in the mouth of the
subject sufficiently quickly to prevent swallowing of the undissolved 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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The range of neutralization titers of P89-12C2 however significantly
differs fromP33, P38 and P43. 30 This observation suggests that the
conformat i g}gﬁl 2 _8 non- conformati onal neutralization epitopes of P33, P38
and P43 ar 8918#%8ual 1y wel | recogni zed by the anti- P33 LEIEPH07I6S3

vacci nated 13 Qu(r)r. WO 01/12797 PCT/ EPOQ 07965 infants. This observation
I ndirectly suggests that the neutralization epitopes revealed in this in
vitro ass¥gccmesrobthe inventieromdydiefamouiatébantd adniifistered byi@8wn RaRigaesjusingd. The

Dorronet 1 ot FBAR kot 1é s ol Sl ibecth agains NS o AGR . ©
\éari ants élghlﬂﬁmamaase swp eﬁbct&/ﬁ@pmaidadcﬁé’esg&ammblé amoantioffifecviraswill ponnsigge | ot s
equenci ng

passage pawenebadhant o fuer A58 A s BeARE B i hBlee B of e e', phssage

P41 ands Bagmamg b&’gﬁen\l’?geveralelﬁées bvaﬁd peribd bfdime Rdtaxample iadko dwes\gmn Witheer se
transcri bed an t hr ou in Priners
Rot a 5bi s H’H‘(ﬂmﬁfﬁﬂ"ggj“?gtﬁege ?'F‘ﬁ%@' CRQM'E?#V?’EV'"We @'ﬁg }%E’faﬁ\i"?s Rota 1
and Rota 23 férm .ifnere%m&mnﬁnae\@bpm&bzumerhevaﬁrsawaﬁdaéesﬁa bas been
sequenced usin erent pri g gsee g& 20 The assage P26

sequence di“?’Fé?g[%“?aPMﬂ'Wi’g‘s rp%gmgqg W%S"EE Firapositions
501, 788 angpleXdde @gméﬁ and éplﬂ@amtnag for he 66a8s, carrbe\é?élertanéa Hy¥tahdbretudR@ses in VP7
(108, 605 and 897 bp &0 start codong 25 The passage P26 sequence
scans &9 valva\aabsmtwgﬁ t"éﬂdypﬂ??a'ﬂdé’éf‘ebiﬁﬂm e§SUPIBHIS. pr esence of the passage
P33 sequence as a background. Thus it can’ be seen that passage P26 is a

m xture of _at |least 2 variants. The passage P33 sequence scans seem
homogenous Theryasging ofhrinyeation msy é‘ﬁ‘é@ﬂ’ﬁ"ﬂe@m blediga-viruses for gigfegtion pgainst

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

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

- Figure Legend for Figure 3

~ Serafromtwelve 4106 month old infants vaccinated with the P33 material as described in the
20  Vaccine (1998) paper were tested for neutrahzation of P33, P38 P43 and 89-12C2.

The range of neutralization iters of all the tested sera is si_r_hilar for P33, P38 and P43. The
statistical analysis shows no significant difference in the overall neutralization titers against all three

viruses. This suggests that the conformational and non-conformational neutralization epitopes of

25 P33,P38 and P43 are equally well recognized by the anti-P33 sera of P33 vaccinated infants. This
observation indirectly suggests that the neutralizaﬁon epitopes revealed in this in vitro assay were -
not atered between P33, P38 and P43,

The range of neutralization titers of P89-12C2 however sig_niﬁcar'ltly'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

13



.14 WO 01/12797 PCTI EPOQ.07965 Passage P38 (derived from passage 33) was
passaged 5 tinmes on Vero cells and displayed the sane set of VP4 and VP7
sequences agoh ?.ge P33 (AGWK cell line). Thus there was s Change
“in popul ations ween P33 and P38. 5 TABLE 1: Qkizgonucl eotllges used for
RT- PCR and sequenci ng nane sequence position VP7" "Rota 1 GGC TTT AAA AGA

GAG AAT TTC CGT CTG G -49 to -22 Rota |bis GGI TAG CTC CIT.TTA ATG TAT GGT
A -16 to 1nfantseThis @ser&ahwﬂ"msm@tmﬁt@mm’f@ izefigmepitopRiTevpaled dgbis inip s 7 caa

GTA CTC AAAZCAA Tﬁ“ge@ggﬁn:@ampgg pagdd P TGA TTT TTC TGT CGA TCC AC
372-394 Rot a%’g é@r TGC TGA GAA TGA GAA ATT AGC TAT 651-682 AGIGG Rota

18 CCA CTA TAG CTA ATT TCT CAT TCT CAG 682-651 CAA CC VP4 Rota 5 TGG CIT
CGC CAT TT T TCG GAG CAT TTA TM CC 878-859 Rota
5bis TCG CTI° ERUREEpEr IR T 6b1 . ATT TCA GAC CAT TTA TAA
CCT AG &78-856 Rota 25 GGA GTA GTA TAT GAA AGI ACA MI' AAT 268-296 AG Rota
26 CTA TTA TTT GIA CTT TCA TAT ACT ACT CC 296-268 Rota TCG ATA CAG TAT AAG
AGA CGCA CAA G 721-745 2This Rota 28 TTC ATT AAC TTG TGC TCT CTT ATA CIG
753-727 Rota 31 GTA TAT GTA GAC TAEXAMBLES\T G 1048-1070 Rota 32 CAT CCC
AAT AGI CTA CAT ATA C 1070-1048. Rota 45 TGI AAC TCC GEC AAA ATG CAA CG

1205- 1227 Rota 53 CGI TGC ATT TTG CCG GAG TTA CA 1227-1205
Example 1: Demonstration that strain 89-12 at passage 26 (P26) is a mixture of variants

10 L .
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 fo primary) AGMK cell line), passage P41 and passage P43 was
performed. Total RNA extraction was reverse transcribed and ampilified through PCR in one
15  tubefone step.

Primers Rota 5bis and Rota 28bis amplified the entire VP4 gene and primers Rota 1 and Rota 2bis
amplified the entire VP7 géne_. 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 sequenée 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 VPT (see
30 Table 2).
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Rota 54 GIA AGA CAA GAT TTA GAG CGC CA 1465-1487 Rota 55 TGG CGC TCT AAA
TCT TGTI CIT AC 1487-1465 Rota 40 CIT GAT GCT GAT GAA GCA GCA TCT G
1703-1727 Rota 39 CAG ATG CTG CTT CAT CAG CAT CAA G 1727-1703 Rota 33 CGA
TCA TAT COXOATRRTITA AAG GAT G 2008-2032 Rota 34 CAT CCTPTIRPOMZ96S TC GAT
ATG ATC G 2032-2008 Rota AGC GIT CAC ACA ATT TAC ATT GIA G 2335-2311

29bi s TABLE 2: ol igonucl eotides used in hybridization nanme |sequence

iti TAC TAT
oo an T AR o iR SR R Bnd Etindith S el R AP, [0C AT
TAA 882- 91sme et of ¥RH ard VB sequentes asprssage PIAREMKE! ine) Tadherawasmogipr 783 Rot a
16 ATC CCT 807-783 Rota 35 ATC CCC ATT ATA CTG
CAT TTC T%EW%% b&ﬁ%ﬁ %JRF%“ECT ATT ATA (C):Tg CAT TCC TTT C 807-783
The bases shown in bold type in Table 2 are the sites of specific sequence

ari ation I ati f VP4 d VP7
\éenlas ! *@#gqm%gﬁg%”s%mﬂ’d gyvg(r)ISanyOQQ;) by 129&3 263

as 268 as 36 as 202 as 299 as P26 A G/A GAACTA (AGK)

name sequence : osition
VPT |Rota1 GGC TTT AAA AGA GAG AATTTCCGTCTG G | -49to-22
Rota 1bis | GGT TAG CTCCTT TTAATG TATGGTA -16 to 10
Rota 2bis | GGT CAC ATC GAACAATTC TAATCT AAG | 1014-988
Rota 7 CAAGTACTC AAATCAATGATG G 266-287
Rota12 [TOGTTGATITTTCTGTCGATCCAC 372-394
Rota 46 GGT TGC TGA GAA TGA GAAATT AGC TAT | 651-682
AGT GG.
Rota18 | CCACTA TAG CTAATT TCT CAT TCT CAG - 1 682-651
: CAA CC
VP4 | Rotab TGG CTT CGC CAT TTTATAGACA 2-23
Rota 6 ATT TCG GAC CAT TTATAACC 878-859
Rota 5bis | TGG CTT CACTCATIT ATAGACA 2-23
Rota 6bis | ATT TCA GAC CAT TTATAACCT AG 878-856
Rota26 | GGA GTA GTA TAT GAA AGT ACA AAT AAT 268-296
AG

Rota2s | CTATTATTT GTACTT TCATATACTACT CC | 296-268
| Rota TCG ATA CAG TAT AAG AGA GCACAA G 721-745

27bis . :

Rota28 | TTC ATT AAC TTG TGC TCT CTT ATA CTG 753-727
Rota31 | GTATAT GTAGAC TAT TGGGATG - | 1048-1070
Rota3d2 | CAT CCCAATAGT CTACATATAC _ 1070-1048 .
Rotad5 | TGT AAC TCC GGC AAA ATG CAA CG 1205-1227
Rota53 | CGTTGCATTTIGCCGGAGTIACA 1227-1205
Rota54 | GTA AGA CAA GAT TTA GAG CGC CA 1465-1487
Rota56 | TGG CGC TCT AAATCT TGT CTTAC 1487-1465

Rotad0 | CTT GAT GCT GAT GAAGCAGCATCT G 1703-17271
Rota39 | CAGATG CTGCTT CATCAGCATCAAG | 1727-1703

Rota 33 CGA TCA TAT CGA ATA TTA AAG GAT G | 2008-2032

Rota 34 CAT CCT TTAATATTC GATATGATC G 2032-2008

Rota AGC GTT CACACAATTTACATTGTAG 2335-2311
| 29bis '

TABLE 2: oligonucleotides used in hybridization

[ [ name | sequence [ position |
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.PB3TAAG/ATICAG (AGK) .P38 TAAAGTUGA (VERO PABTAAATA
ERO 10 N.B. In a second clone fromthe 3 clones which were devel oped to the
| evel of prv?&'b‘ﬁhb @n lot, the VP7 897 Wp positigrznucl eot p@fEpdonsmes " at her

“than A as in e P43 sel ected clone. This resul#s#in a nethionine in place
of an isoleucine in the amno acid sequence. Var| ants corresponding to both

the sel ec t 897 bp
fromthe §VBFt dq&oed] 15 AT ATATAGTALAGHAGATHNTAT THA |

been vacci{nated{with the P3¥CGmterial. In Table 3.1, where
al ternati Ve basqfoad2a par t|iAGTIAIT THAIAC TRHGGT ACGATTTA JAT TAA ¢
represent§_the Base which agifears in a major population and the seg¢ond is

t he base WP4h |&Ropdsrs in |ATCICOEATINAICAGIGAN. TCORTAIC and i [rBd7-78%r if ant

popul ati ofs are |jRotdgéd by t[RATCOATATHANACTG CAT TFGdTELgnal i nf 808d8&®n¢i ng. 16
WO 01/ 12797 PCT/|Ro@a@507965 | AACTCCAITATA CTEATIFCA88Cop 802 4977188 bp 605 bp
897 bp 167 as 46%tads 268 AATEBTCTATIATAGIGTAT T8E TWPE Leu G pa0RHE783 Gly/ Arg

Arg Thr/ Mgt 1le} (AGWK) P33 Phe Gu Arg Arg/Arg MetlThr Ilef Met (AGWK) P38
Phe Gu Arg ArglArg Met Met/Ile VERO P43 Phe Gu Arg Arg Met T1e (VERO

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

VPT7.
5
TABLE 3: sequence variation of VP4 and VP7 genes
3.1
VP4 VP7
501 bp 788 bp 802bp- | 108 bp 605 bp 897 bp -
167 aa 263 aa 268 aa 36 aa 202 aa 299 aa
P26 A GJ/A G/A A CIT A
(AGMK)
P33 T A A - GI/A TIC AlIG
(AGMK) -
P38 T A A AlIG T G/A
(VERO) '
P43 T A A A T A
(VERO)
10

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

VP7 897 bp position nucleotide is G, rather than A as in the P43 selected clone. This resuits in a

methionine in place of an isoleucine in the amino acid sequence. Variants corresponding to both

the selected P43 clone and the clone in which there is a G in VP7 at 897 bp from the start codon,
15 were excreted in the stools of infants who had been vaccinated with the P33 material.

In Table 3.1, where there are two alternative bases-at a particular position, the first of the two

represents the base which appears in a major population and the second is the base 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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Tabl e 3.2 shows the amino acid changes resul ti ng' fromthe nucl eotide
di fferences between the

( 897 posi
36 Rota 41

+ -

Webflakpr

vari ants.

+

P33 + -

5 TABLE 4 VP4 ( 788 -802 positions) VP7

GGAAA-GGAAG Probes Rota 15 Rota 16 Rota 35 Rota
Passages P26 + + + nd nd PEVERNN7

+ 10 Slot blot hybridization The change in popul ati ons between

passages P26 to P33 on AGWK cells has been further

S5+ ++

confirmed by slot blot

hybri di zat3.dn, The VP4 and the VP7 gepne fragnents generated by RTIPCR were
hybridized with ol i gonudMPdotide probes specific forVRach varianf (see Table
3.1 and 3 2). In [550idpt rjasi88bp F2@0Rbp ch We8bpi df 2603 bps t{h 83pbp 16, Rota 35
and Rota (36 and npt 16fidah |{RA263a4 5,| 1268ad/Pf 3paR | agp2aat |of290ke Ff‘33
material ,| atpgpSI {1 Oy /498 us(d2 I JT ZA@ ONf YThMER |ROT fp 10 |and not
with either@Bmkp hS or Rdta 35 orf Rota 3p. Thesel resultd establifshed the
presence [0 P33 TERSTPRE VAT TGPLS |1 N ARf0 MTh e VP7 PCR
f ragnent Of(Ab%IR) PB3 materi al , - pogition 897ﬁﬁy rijdi zed lrV\A “é et al41l and Rota
42. Theser Tt aot Sttt STIT f FEgsttv fants in the
P33 nat er| %E%L v\oe%Jf/ 147 707 bCT cT/|ErOYt 07 6§9ﬂﬁ<arrp|“g&2 | il b and
character ek ?x PASGEoTY S _ e oqrenis—af a
hormgene#us&ERé)us t|i on, th ee eq\;d boi Nt di|l tW'%" of "P33[{AGWK on
Vero cel |'s—e .,{’f?rF e anu t+-hée—+est-Hrg—vFds—was—used—t+e—nf ect Vero
cells. | s were ecte u owt
denonst r a?l(sghle Pé slgqyg tqe Amye ggd Hq;g fesﬂyngﬁr(g@%\e n‘ﬂ@eo?ide é f?erences b%{;ween tne
5
TABLE 4
VP4 (788 -802 positions ) ~VP7 (897 posiion)
GG AA AG - |GA 1A G
Probes | Rota 15 Rota 16 Rota 35 Rofa 36 Rota 41 Rota 42
Passages 1
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 slot blot hybridization. The VP4 and the VP7 gene fragments generated by RT/PCR
were hybridized with oligonucleotide probes specific for each variant (see Table 3.1 and 3.2). In
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 results 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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.detected in the wells and the nost isolated positive wells on the plates,
as is done classically. After 10 3 end dilution passages in 96 well
mcroliter 10 positive wells were anplified succegsj n Vero
“cells and g%l%lg?ggd for their yield. Based on yiekd, thr egéi(‘:,?%dghe‘g%g\j\ere
devel oped to passage |evel of production lot. |nmunorecognition 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. Honobgeneity 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 anplified by
successi veExample dsolatian gud chacaglerizatiop otfbeB43pleney \aster seed, a Working
seed and finally production lots. 20 The sel ected clone was genetically
characterized at different passage |evels by sequencing of VP4 and VP7

(i dent i3 y) Teisalatdp33compinents asa hemogangeus NiuspPRulation, ede-poiptdliluligns ohnd \VP7
(honogenei .l | he VP4 and
VP7 genes %@Q%K (&’L}% roé@%kg@g@%}dﬁﬁﬂtﬁé ﬁwal&?i%éq&gﬁ%fge@éeeg%ect ively
and are identical to P41. 25 Honpbgeneity of the selected cl one was assessed

by a sel ecg L di ' ' ' ' h ' | i natin
nucl eot i de andy or ‘Yeglons tor each variant i tified
f Pl U8 b Sl U o Bt rBR Uity R B iber ol 1
ﬁulr3 i ng segdmue'd inghewelliar@l ter moshisglatgdpokttivevells ondid plates) as igdong klessically. Aftengnent
ridized,w Ro 16 a . W\ t A 18 WO
011 12785 R4l dbiinb s 9Bl elR, 1 poshye Rl o bt Shhss®oy 2nq ot
wi th Rota dVerddséssandreesuated for theinfield.ned t hat P43 is a honbgeneous popul ation.
5 Exanpl e 3: Renpval of potential adventitious virus Ether was added to P33

(AGWK grown) to a final concentration of 20%for 1 hr. Ether was then
bubbl ed ouBased briyiéhf, threercloRés weredevéioped topassbgaevet dferadudtiordlotof P33 seed was

observed. 10 Exanpl.e 4: Fo latipn of a |ive attenyated vacci ne The

product i on W"B’P@%B@Wfébgﬁyc[?g%efg{b%&é vEg Sl b@&"‘f"ﬁ&"ﬁ&ﬁ -l ﬁrsef’r ation to

i nf ant 35 by cléree and between the clones and P33. Homogeneity of the clones was assessed by slot blot
hybridization. The final selection of a single clong 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 oligonucleotide
probes discriminating nucleotide 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 15, Rota 35 or Rota 36.

18



15 follow ng nethod. 1. Lyoahilised virus Standard techni ques are used for
preparing virus doses. Frozen purified viral bulk is thawed and 20 dil uted
Wi th approgri di um conposition, in this case Dul becca's nodified eagle
Medi um upa{doo%g”ggsi red standard viral concentration, iRctil2%¥se 1062 :
flu/m, The diluted virus is then further diluted wth Iyophilisation
stabiliser_ (sucrose 40/%,dext,'ran 8% sorbitol 6% amno-acid 4% up to the
target vi r #e R7{ragment hybidzed with-ota 4l@ad potmthRlRd%. 0.5 nl al i quots of
stabilised virus conposition are aseptically transferred to 3 ml vials.
Each vial is then partially closed with a rubber stopper, the 25 sanple is
freeze dri Bgsesseuts canfinngd thatR43 isiadompgenequs pepylalions ul |y cl osed and an al umi ni um
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
reconstd®tuents: 30 (a) Citrate reconstituent Sodiumcitrate is dissolved
in water, fod. i At . viegptically transferred into
reconsti tu%ﬁpkodhﬁﬁﬁﬁgiéﬁngaéhﬁahg&n%unts at a concentration of 544 ny
Na3Citrate. 2H20 per 1.5nml 19 WD 01/12797 PCT/ EPO0/ 07965 dose. The

reconstitu i L P71 vials, or 2
m syri nge@ﬁérwggg‘}sdg‘# @%?g%ﬁk @&L@S?gﬁdﬁ%‘gﬁ@ﬂ ezg%ff%r1%8réa{ﬁerg'8%1%ﬁ'} stration.
As an al t ebubbled aubwithdNadaxi35imini No impaetioe the titte of P83geedhwasabsarveder steril e :
condi t'h ns, the final container can be autoclaved. 5 (b) AI(OH3
reconstftuent An aseptic al um ni um hydroxi-de suspension (Ml anta -

trademark) is aseptically diluted in sterile water, aseptically
transferred to, e j & . i or exanple 2 m syringes, or soft
plastic s @@?ég%gﬁ‘&%'ﬁﬁﬁﬁe@%gﬁ%ﬁﬂﬂﬁﬁcg%unts each containing 48 ng

Al (OH)3. An alternative to using sterile conmponents under sterile
conditions_is to.y irradia th | unmi ni.um hydroxi de suspensi on 10
(preferabl '{ﬁezg{odgcﬂé] Ipta 9%58""&{’ g&%ﬁ §re @%Wﬁq%mﬁﬁgﬁ&? "ﬁ?rgsetfyﬁ% uded to
prevents t hiallowdag pethed.on from settling. Such standard ingredients include.
for exanpl e magnesi um stearate, carboxynethyl cell ul ose,

- hydr oxypr opyl nmet hyl cel | ul ose, mcrocrystalline cellul ose, and silicone

~ polyners. Batyophiisedvimsi c 15 agents for exanpl e butyl paraben, propyl paraben -
~or other standard bacteriostatic agents used in food, and flavourings, may

al so be | ngtlan%gr%?échniques are dsed for preparing virus doses. Frpzen purified viral bulk is thawed and P
20 diluted with appropriate medium composition, in this case Dulbecco’s modified eagle Medium, upto - S
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%, _sokbitol 6%, amino-acid 4%) up to the
target viral itre, in this case 1056 ffu/dose. 0.5 mi éliquots of stabilised virus composiﬁ@n 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 capis -

crimped in place around the vial to keep the stopper in place.

For use, the virus is reconstituted using one of the following antacid'reconstitu_ents:

30 (a) 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.2H20 per 1.5ml
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. 2. Lyophilised virus with AI(OH)3 in liquid fornulation 20 Standard
techni ques are used for preparing virus doses. Frozen purified viral bulk

i s thawed a\,pgw%yg,ut ed with appropriate nmedi um conpositi oper/kfookodss Case
" Dul becco's nodified eagle Medium up to® a desited. standard viral
concentration, in this case 1062 flu/m . Al um ni um hydroxi de suspension is

added to reach final | LS ition is
Gi 1 ut ed vt yp P ks 1By bt SROES ALK ol 1yl of 2 o BURS, 1, o
6% ami no- agiseht plidic sgpeezablel dapsules fogertl adminisration. tAsean altemative ts maitaining stedl®5. 6
ffu/dose. 0.5 m ali %u?tf of .staR'iFI iazed Vi I us cor@%si lon are aseptically

t r ansf er r ecFOmBongnts yadeq tegfe.canditions, e fisal confaiar caf be AYGeaveds of the vials is then
carried out as described in part 1. 3. Lyophilised virus with A (OH) 3f)3
for blister presentation 30 Standard techniques are used for preparing

Vi rus d&eiﬁﬁé\lﬂi&%ﬁﬂﬂ ed viral bulk is thawed and diluted with
appropri at eaj et BeRIG réﬂio@&usggl_moh nRe-Rdémerk) deasepticallpdiitied inatterikag! e
Medium up to 20 WO 01/12797 PCT/ EP 0796 a (?s red_standaéd vi ral
concent r at i Waer. 3spplically fansizaed tq fegonstitygn gopiaine f?fﬁ?‘?mﬁé RRHANGRS: Bso8 flesle nsi on i s
added to r %bz?olédapﬂesﬂﬁlﬁmarﬁdame_&acﬂﬁonm{maqamgauaﬂg.hﬁn HiefridfveduBRGSi tion is
diluted wit yophil'isation stabiliser which nmay be sucrose, dextran or

ani no- aci d sierije compaypentsiunder, stasile cordiiionsds toydrpadiete the aiminiumhydididesuspensien t he

target yir ' . ful dose. An aseptic filling operation is

enpl oyexdtgdp@kkérb&%ts?@w%g%g§i' of 0.5 m or preferably less to blister
cavities. The conposition is lyophilised, and the blister cavities are

seal ed by t ) Ao i o3 [ i ncluded to
pr event the§§+dé}r?1§nﬁ?e‘§§hhth§'g#nSX|égetg bs h%'ﬁés%ugﬁr%ﬂﬁé@m sfgtﬁg'l ?‘%@?‘a@{ﬁ‘@h standard
i ngr edi ent singredigntsdreluliofor exampip Magnesigm stedraiencaiboymathyicelidse, '

car boxynet hyl.cel | ul : ).C . l'1ine
col 0l o5,  HetamarepyBBfitcelliSk FRoRR hbse. S5 R S BRRHE
Exanpl e15: agehtafor example butglpardbies, pedpylganabkwor other standard baoteriodtatic agents usddsn .
5. 1: Conpar | sop_bet ween | act _sucrose based fornul ations: Batch no
Forrul ati on ﬁﬁ%@YtuWsWﬁygsgﬁ?ﬁgﬁ%ef ore Viral titer after |yophilisation
| yophilisation and 1 week at 37C 98CG06101 Lactose: 2% 105.22 104. 67

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 fiu/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 fo 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 A(OH)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



Dextran: 4% Sorbitol:3% Am noAci ds: 2% 9836/ 03 Sucrose: 2% 105.28 10
4.92 Dextran:4% Sorbitol:3% Am noAcids: 2% 20 P43 rotavirus was

formul ated_either with sucrose or with | actose as shown in the table above.
Viral titr20%M*Before Iyophilisation is the viral titrePFHEPHORENDI et ed
formulated liquid (containing sucrose dextran sorbitol am noacids) and

wi thout the |lyophilisation step. 25 Good results are those in which a <0.5
| og decr easdesindd standard virajdondenteation, mrthis¢ase 108Affl/mi0 Aliminium hyd}eoadeesaspenstbuﬁd ng the |

01/ 12707 st Basb YLt or B oSt G g Gl Blpediin Brpistin oung
F; C; Oge2 | sigbiliserinbich mgycltetsgct:rbsepuexMGor arhad-acwk%* osgelatiayrdegeta!gpgor?{)t?t ead of
maltitol: ’E?Q%ﬁ'?? q‘?%‘ii'}i?ﬁﬁfgﬁtt"f'ﬂﬁé%?;%gg‘i@ M?@Fﬁﬁ%"r’&g{‘ emplgyedtcker o Viral

titer aft egansfef dosds of 0/S@mor bleferibly as b)bmrbavitlw Fhé Mp@ﬂﬁbnkl}édpﬁiﬁéd @hd 37C :
98L16/ 01 Lactose: 2% tran: 4% Sor bi t ol Ami noAci ds: 2%

98L16/ 02 L’&%PB@&“Z%“W%JG@V%@FP'QSG tran: 4% Sorbitol : 3%

Optionally standard ingredients are included to prevent the aluminium hydroxide suspension from
settling. Such standard irigrédients include for example magnesium stearate, -

10  carboxymethylcellulose, hydroxypropyimethyicellulose, 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 | Vira} fiter before Virat titer after -
lyophilisation lyophilisation and 1
' week at 37°C
98G06/01 | Lactose:2%; - 1052 10 467
Dextran:4%,; -
| Sorbitol:3%;
' ' .| AminoAcids:2% | _
98G06/03 Sucrose:2%; . (105 10 482
Dextran:4%; - '
Sorbitol:3%;
AminoAcids:2%
20

P43 rotavirus was form'ulated either with sucrose or with Iactosé as shown in the table above.
Viral titration before Iyophlllsatlon is the viral titre in the completed formulated liquid (containing
sucrose dextran sorbitol ammoacnds) and without the lyophilisation step.

25  Good resuits 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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-Am noAci ds: 2% Arginine: 3% 98L16104 Lactose: 2% . 104.7 Jos Dextran:4%
Maltitol: 3% Am noAcids: 2% Arginine: 3% 10 The results denonstrate that
the additi ginine (which is known to i-nprewe the stapbili f the

“virus duri 3‘803{/"&% | i sation:and al so provides agbasic rred?gﬁﬂ’dr?}%grﬁger to

conpensate for the stonmach acidity) maintains tfig-viral titer. Sorbitol

tends to decrease the glass transition tenperature of the |yophilised cake
by too gr edhe precig® of thg vieabtitrationj issareund + Be—- @2 08cone by using maltitol instead

of sorbitol as shown above and the viral titer is still maintained. 5.3:

Various formul ati on conpositions 20 This experinment denonstrates that a

nunber of fThe restltaindioats thatsucrpasdway be used instead ofaciosel/ 12797 PGT/ EP00107965

Batch n Fonul ation conposition Viral titer before Viral titer after

| yophili,sation |yophilisation and 1 week at 37 99Cl11/01 Sucrose: 2%

105. 24 fo 5.07 Dextran:4% Sorbitol:3% Am noAcids: 2% 99C11102

Suc e 20 AQR Al o AN ool s A o o 2

Batch n® Fomulation composition | Viral titer at ime = zero | Viral titer after
after lyophilisation lyopihilisation and 1
- week at 37°C
98L16/01 Lactose:2%; 1048 : 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%;
Maltitol: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 tyophilisation an_d also provides a basic medium in order to compensate for the
stomach acidily) 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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Mal titol: 3%
time = zero Viral
week at 37

Am noAci ds'-:w f&? ;%76;
Sorbitol:1.5%
Dextran: 4%

Am noAci ds: 2%
titer
/ 01 Sucrose: 2%
10 4.93 99C17/02 Sucrose: 2%
Am noAci ds: 2% 99C17/ 03 Sucrose: 2%

Ani NoAci ds: 2% _99C17104 Sucrose: 20/ 0: _104. 42 104. 45

after

after

Batch n Fomul ati on conposition Viral
| yophilisation |yophilisation and 1

?&ﬁ:%@st ol : 3%

105.31 10 5.24

105. 40 105. 41 Dextr an:
10 5 Dex

titer

Dext r an:
Dextr an: 4
4.97 Dextran: 4%

oBatdmf t i t ol : 3%
%9 Maltitol:1.5

Sor bi t

bs  Ami noAci ds:
pl: 3% 99C17/0

FomviatienmoinpRsition.

Vigditarbed® Sucr ¢ Yisal kg afte04, 39 ]
D iyophilisetiory 106  Su¢ ivoghilisativ anidl 5. 4

99C11/01

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

10 524

/ _Sucrose: 2% 1QweédkatB87°4 89

10 507

99C11/02

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

1058

10452

99C11/04

Dextran:4%;
Maltitol:3%;
AininoAcids:Z%

10 488

10 50

Batch n®

Fomulation composition |

Viral titer at time = zero
after lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

93C17/01

| Sucrose:2%;

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

1054

10 541

99C17/02

Sucrose:2%;
Dextran:4%;
Sorbitol:1.5%;
AminoAcids:2%

10 530

190483

99C17/03

Sucrose:2%:
Dextran:4%;

| AminoAcids:2%

10 531

10524

99C17/04

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

10442

10445

99C17/05

Sucrose:2%;
Dextran:4%,;
Maltitol:1.5%;
AminoAcids:2%

10 439

10 440

99C17/06

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

10 54

10497

99C17/07

Sucrose:2%;
Dextran:4%;

Sorbitol:1.5%:;

10 511

10489

23
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-Dextran: 4%

Sor bi t

ol :

1.5%

23 WD 01/ 12197 PCT/ EPOOr 07965 5.4: Associ ation

bet ween Rotavirus and Al (OH) 3 antacid: Rotayjrus A OH)3 H2O Cont act tinme
rnatant Pellets at r sofd P4
10 5.6 ffulm 48 ng in 0.76 m
1030 0.240m 10 mn 10 5.5 ffulm 0.48 ng in 0.76 mM 30 mn 8000rpm 10 ant
0240n1 10 mn 10 5.6 ffu/m m 30
4:Assogiation Qetwmwwaf B A'(!ﬂ)

_Centri fugaty,
tenperature

in 12

0. 120rrfL 10 m n Cake

LT e

oom Vi ral =

n 80
ect,]

2

td ter

mg%%OOr pm

Orpm 10 $.66 10 nmin Rotavirus
n 104-7 Lyophilised
5 Al (OH)3 is used as an antdéi d. This shows t hat

in the
ti# at  before

u/m

€Htrat e
ed with

Rotavirusdis associated with the insoluhle inorgapic _salt (AI (OH)3) since
it centri Bf@é‘ﬂ”od;é‘(%ér iHe®, ¢ | ontagt freg) | Leqtifigatipno a s es"éqma\?'?tr all Peliety i vi t
supemat an ). 10 5/5: D| ssol uti g ﬂ"‘B’F Al (JoH) 3 ant ac W'“Sodl m
vi ral tlt o 7ﬁ| P50t IUL;%OD el vrTi‘ﬁ! m""S ¥
99B10106 |1 qU| 5" g 'Na rafe at] pppgm 10 5 formil ati on before
t enper at Ul AERP T b b t,,g 76 miL )lsb,ﬁfnL IOH 15060k, LY OP mlméed T5mi—Na3
24h at ropm 104. 63p24bfd 543 tenperature Homihen Rot avi r us i § associ at
the Al (OH)®ssfuml | $ POSSI b’lﬁmto Bomp N1 | 1]seoopmer vyt h] 1oges (1 NCI Hdl ng tne
10 min

Rotavirusin | 12 mgin 1.380m! | 30 min 8000rpm, Below detection | 1047

Lyophilised | 0.120ml 10 min

Cake

5

Al(OH); is used as an antacid. This shows that Rotavirus is associated with the insoluble inorganic
salt (Al{OH)s) since it centrifuged together with the Al(OH)s (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/mi
99810/06 liquid 1.5ml Na;Citrate 24h at room 1051
formulation before temperature
lyophilisation;
1054 . _ .
99B10/06:lyophilized 1.5mi NasCitrate 24h at room 1045
10 843 ' temperature
15 When Rotavirus is associated with the AI(OH)s, it is possible to lyophilise everything (including the

20

Al(OH)s). After lyophilisation, it is possible to recover the Rotavirus by dissolving Al{OH)s in
SodiumCitrate. This step does not damage the Rotavirus and retains its activity after this

dissolution step.




Al (OH)3). After lyophilisation, it is possible to recover the Rotavirus by
di ssolving Al (OH)3!n SodiunCitrate. This step does not damage the

Rot avi r us %dogr ins its activity after this dissolutiogn Steo? 20 24 WO
01/ 12797 P 07965 5.6: Infectivity of Rotavirus afFEFEPOOZEation of
the Al (OH)rRotavirus associ at| on: The nmechani smof virus |iberation (by

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

6, alum miﬁﬂﬁfgcﬂvit»dfsetavjw@ﬁyd exgtion ththﬁ%*(ot%mvtws associations, Rotavirus will
be liberated 5 in the stomach. AI(OH)3 + 3 H+ ----3 Al +++ (vvater sol ubl e)
+ 3 H20 I n the stonmach, Al+++ ions are not absorbed (J.J. Powel I,

R. Jugdaohhemechanisin 6t virusHiberatioo (hy slissolutionlad t&learrier)eroayl vetyiwethogsir imvivocindded

adsorptio C utrition
oorely (e oh Bl QuBliBotechtts ool oFh A A Foeflya e Mot 1"
i nsol ulsl e if the stemah. al umi ni um are precipitated (AI(OH3 or AIPO), and
elimnated by the natural way. It is unknown whether the newly forned

Al (OH)3 (or AIPO4) precipitate will be able to re-associate 15 with free
Rot avi rus. Thi s Ai{@Hp @3 H* hed> cAles(watersoluble)t#8H.Onf ecti vity of the

Al (OH) 3- Rotavirus association itself. Liberation of Rotavirus fromthe
Al (OH) 3- Rot avi rus associ ation by other nechanisns is also possible.

gﬁ ine, f %th@.ﬁt&ﬂ%hem“ﬁ mfsefefreramsorbemwb Rolwell, RlJﬂ@h%lﬂﬂWnﬂRmm@n kr(.O‘l) 3. 28
er aniqns like borat n are known to be
speci f‘ﬁocaITf’?’eﬂ'd%t'Bﬁ’ %qgnerq??psgp ’%ﬁ?ﬁsﬁ?"g H@@? tﬁa@? r'}f?? '"gﬂ;@??r "\"‘E!‘al ly, it -
shoul d be spggp| 19999? 5Bq4¢l.|15ayl ace (by conpetition for the adsorption site)
Rotavirus fromt 3- Rot rus ocCi t| on. 25 111111 1/ 12797
ST P00, VbR SRk PR A PR P iy afpprecaen (G o

AIPOg), and eliminated by the' natural way. - -

It is unknown whether the newly formed Al(OH)3 (or AIPOs) 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)s-Rotavirus association by other mechanisms is also
possible. Lysine, for example, interferes with the viral adsorption on Al(OH)a.

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) RotéVirus from the Al(OH)s-Rotavirus association.

25
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-65 ng Lysine 1.380 ml H20 + 30 min RoomT. Centrifugation 8000rpm 10
mn Cul ot Supernatant dissolution in Ctrate bel ow detection 3.8 Thus,
Rot avi r us i berated fromthe Rotavirus - Al(OH)3 a i At and t he
“liberated ét”g&-’%'}us remai.ns active. 5°This |ibération caﬁé‘g'g#@;g#ezgei t her
by dissolving Al (OH)3 (by HCl in the stomach, or by Na3Ctrate in vitro)
or by displacing Rotavirus by a basic amno acid (lysine). 10 5.7:
Infectivity of the Al (OH) 3-Rotavirus asPRYC0SBA4BN A singl e dose of
| yophi li sed Rotavirus was reconstituted wi thh water and divided into two
parts. The first part, considered as t{dangmfOyEnce, received an additional
vol unme of water. The second part receivigd.i2pp of A (OH) 3 suspended in
0.240 mM of water (Preclinical viral titratéon). 26 WO 01/ 12797
PCT/ EPOO/ 07965 DRVO003A4 6 + 1.5 nl bBmyOyse0 M 0.750 M+ + 0.240 m
24 mg H2ZO AI(OH)3 in 0.240 mM 1 hour 1.380ml H20

) F

30 min Room T.
+

Centrifugation
8000rpm: 10 min

&
Culot Supernatant
+

dissolution
in Citrate

below detection 3.8

Thus, Rotavirus may be liberated from the Rotavirus — Al(OH)s 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
Asingle 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)s suspended in 0.240 ml of water (Preclinical viral titrations).
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1 hour 5.55 6.22 5 Wien AI(OH)3 is present, Rotavirus is active and the
viral titration value is higher conpared to the reference sanple. This
experi ment repeated wi thout dividing the |yophilised dose and by

addi ng 12 &é?‘i( 3 10 or 24 ng Al (OH) 3. Here the ref ePCAERIMIINS o was
the one reconstituted with a Ctrate-Bicarbonate buffer. Thus, the viral
titer is again higher in the presence of AI(OH) 3. 27 him WD 01/ 12797

PCT/ EPOQ 07965 DRVO003A46 DRVO003A46 DRVCO03A46 + + + 1.5 nm W 12 ng 24
ng buffer AI(OH)3 AI(CH)3 in 0. %ég |n 0.240m + + 1.380m H20 1.260m
H20 5.34 6.24 6.05 5.32 5.95 6. #n the exanpl e above, Rotavirus
associates with the AlI(OH 3 partlcle since the virus can be 5 di scarded
by centrifugati on. DRVOOO3A46 is 20& | i sed fornul at ed Rotavirus
(Sucrose: 2% Dextran: 4% Sorbit ol- )03 m no- aci ds: 299 . DRVO003A46

DRVO003A46 + + 12 ng Al (OH)3 24 ng AI(OH)3 in 0.120 M in 0.240 M+ +
1.380 m H20 1.260 m H20 /rg |

0.750 mi ' 0.750 ml
+ +
0240 ml - 24 mg
H20 Al{OH)3
. in 0.240 mi
1 hour
' 1 hour

5.55 . 62

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

This experiment was repeated without dividing the Iyophnllsed dose, and by adding 12 mg Al(OH)s
10 - or24mg Al(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 Al(OH),.
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+ o+
Super nat ant Cul ot Super nat ant
“Sor bi t ol Am no Acid 2%
vi ral
needed to

3%

Centrifugation Centrifugation
+ +

titration carried out on the superfnatant,
adsorb Rotavirus seens to be low (starting with one |yophilised

8000r pm 10 mi n 8000rpm 10 m n Cul ot
1.5 mM 1.5 m SDSAA SDSAA 5.78 <1.44
5.92 <1.44 waopsil- 44 6.11 <1.44 10 SDSM= Sucrose 2% 9"'@’/8

28 WO 01/ 12797 PCT/ EPOO/ 07965 According to the
the quantity of Al (OH)3

dose 5.7 log) scaling DRVCO03A46 tit DRVCO0SA4E Al ( CORBCOBAAMS ption time Titer

i n super nat ant

12 m1 hous RT 2.7 24 nmg 1 hour

RT 34 48 ng 1 hour

RT 3.4

72 mg 1 hour

RT 2.0 96 nggmiWiour

RT Bef2any

detectio24mg2 nig Overnight 2.7

24 ng Overni ght Bel ow detiggérd on

48 npGM8r ni ght  2A1©0HIP

nmg | mredi at e Bel ow

det ecti on

24 ng Inmediate 2.0 48 nyijjoipemi at € Beln@p40@k ecti on
needed to adsorb Rotavirus on Al (OH)3 seens to be short:

One dose of

5 Tine

| yophi Ii sed Rotavirus was reconstituted+in presence of 24 ng Al (OH) 3, and

centrifuged 1.380mi H20 1.260mi H20
534 6.24 6.05
5.32 5.95 6.26

As in the example above, Rotavirus associates with the Al(OH)s particles, since the virus can be
5 discarded by centrifugation. DRVCO03A46 is a lyophilised formulated Rotavirus (Sucrose:2%;
Dextran: 4%,Sorbitol:3%; Amino-acids:2%). :

DRVCO003A46 DRVCO003A46
+ +
12 mg Al(OH)3 24 mg Al(OH)3
in0.120 ml in 0.240 mi
+ ) +
1.380 ml H20 1.260 ml H20
+ +
Centrifugation Centrifugation
8000rpm 10 min 8000rpm 10 min
Culot Supernatant Cuot  Supematant
+ +
1.5mi 1.5ml
SDSAA SDSAA
5.78 <144 5.92 <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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after 0, 15, 60 mn and 24 hours. The "culot" were resuspended in SDSAA
before viral titration: 10 Time Cul ot Supernatant O mn 5.26 3.17 15 mn
5. 34 <l. 44wHfix 5.96 <1.44 24 hours 6.13 <1.44 5.8: Usin as
antacid 1570 of er to avoid al uniniumin the vaccine, tﬁgT’gﬁ&é{’a?“a Al (OH) 3
was replaced by another insoluble inorganic salt: CaCO3 (cal cium
carbonate). The phenonena observed with CaCO3 are parallel to those

descr i bed Ateordinglte helyigl titrativs sardéd-aut e thesuperoatant; ithemsamuytomm rieededdani c sal t;

2 30, SPGB Mg ol BUBANESs O SR L1 Y 0

Rot avi r us tifratiomjt t he associ ati on by dissolution of the inorganic base by an

acid; - Possibility of co-lyophilisation of the antacid and the Rotavirus.
5 CaQ03ape~-RagH+us—as3octe sttt -yophit-sed Rot avi rus
(viral ti 7) \m:?éégqa;g!n,@hmsﬂ it ﬁﬂ-*lﬁ%ﬂﬂéﬂu_&a in 10 water
(50mgini'3rn1L “and t - | '  the
super nat (LMrmar ed thlbewr R 0t~ DRV +}+ 50ny CaCCO3
50 ng Ca{@kmgn in 1, 5| khowsRY 1 5n Hoo [34

48 mg 1 hour RT 34

72 mg 1 hour RT 2.0

96 mg 1 hour RT Below detection

12 mg Overnight 2.7

24 mg Ovemight Below detection

48 mg Overnight |25

12mg Immediate Below detection

24mg Immediate 2.0 L

48 mg Immediate Below detection

5 BRI .

Time needed to adsorb Rotavitus on Al{OH); seems to be short:
One dose of lyophilised -Rotavitus 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 i 534 <1.44
60 min 5.96 <1.44
24 hours | 6.13 <1.44

5.8: Using CaCOs as antacid
15 In order to avoid aluminium in the vaccine, the antacid Al(OH)s was replaced by another insoluble
inorganic salt: CaCOs (calcium carbonate).

The phenomena observed with CaCOs are parallel to those described for AI(OH)az
- Association of Rotavirus with the inorganic salt;

29
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-Centrifugation Centrifugation
Supemat a Cul ot Supenmata + nt + nt
4.46 5.88 4ud} This indicates that nore that 90% of t

associated wt ﬁ"gcﬁéﬁos. %r
was associ at ed,
original viral quantities. Al so, viral
t hose obt ai ned

5.35 10 Quantit
15 100 ny

5

CaCQ;and Rotavirus association

30 WD 01/ 12797 +PCf /| EPO0/B¥865 Al SO, %@rﬁ’
It was possible to realise the titration and to recover the
Nt . \ titers are slightly higher that
ainteirancecyl Betavirus aptiviipphenasseriatedieib the namwanic sat: - 1. 5n H20 1. 5
n + WL Buffer, b i ; «4.99 5.03
S o RN S Roe T BBl Bl P b

was reconstitutkasebyanacd; CaCO3 suspension in water (1.5mly: 10 ng 50 ny

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

8000rpm 10 8000rpm 10 mn mn Cul ot
1.5mM 1.5 mM SDSA Na A Citrate 5.83

us is
he virus

5

on Lyo Rot avi rus

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

culot.

DRVC003A46
+

50mg CaCO3
in

1.5 ml H20
+

Centrifugation
8000rpm 10
min

Y

Culot Supemata
+

nt
1.5ml

SDSA
A

5.83 4.45

15

DRVCO003A46
+
50 mg CaCO3
i
1.5mlH20
.'.
Centrifugation
8000rpm 10
min

Culot Supemnata -
+ nt
1.5:mi
Na
Citrate

5.88 4.33

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



and then centrifuged, and the viral titer of the supernatant conpared to
the culot. CaC03 Extenpo + Centri. 1 Hour + Centri Culots Su ernatant

Cul ots Surpematant 100ng 4.57 3.01 4.79 3.09 50 4.17 4.15 4.22 3.86 3.17
4.77 3.87 WO8Y12™¥ong 31 pill WO 01/12797 PC'T/ EPO0/ 07965PCTYRRE807965 ear | v,
nore CaCO3 and nore virus is associated, and less is found in the
supernatant. However, the full dose is not conpletely recovered (expected
a total oAlsdwhertthe Virgewas a8Sociate, it was Possible tordlies thettrabidrdni ®recovef @@ above). 5
CaCO3 Protection of Rotavirus during Baby Rossett Rice antacid titration
Usi ng 10 ergalvirdiguantilisshi| i sed Rotavirus ( DRVO003A46) and 50nmg of CaC03, two
types of RgdViral s aishghlly igherithat hddel BRinePWiog@aCOLd out: 10 In a classic
Rossett-Rice titration, the antacid is mxed with Rotavirus and HCl is
poured into this nedium In the "inverse" baby Rossett Rice, the situation
is thedreverse: antacid is dropped into the HJ pool 15 (as it occurs in
vivo). O assical baby Rossett-Rice titration Lyophi. Rota Buffer

Theoretical Measured stored at Viral Titer Viral Titer 4C 60 CaC33 5.3
4.6 -80C 60 CaCB8 5.3 4.6 4C 24 ng AI(OH)3 5.4 <2.9 -80C 24 nmg AL(OH) 3
5.4 <2.9 Inverse baby Rossett-Rice titration

DRVC003A46 DRVCO003A46
- 1.5mlH20 : 1.5ml
+ W.L Buffer
Centrifugation
8000rpm 10 min

/ N\

“Culot’ Supematant
493 _ 5.03 536

10  Quantity of CaCO, and Rotavirus association

Lyophilised Rotavirus was reconstituted with a CaCOs suspension in water (1.5ml):
10 mg
50 mg P
15 100 mg - {
and then centrifuged, and the viral titer of the supernatant compared to the culot. S L

CaCO03 Extempo + Centri, 1 Hour + Centri

Culots Surpernatant Culots Surpernatant
100mg_ 457 3.01 4.78 3.09
50mg 4,17 4,15 4.2 3.86
0mg - 317 4.77 3.87 4.87
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.Lyophi. Rota Buffer Theoretical Measured stored at Viral Titer Viral Titer
4C 60 CaC33 5.3 4.6 -80C 60 CaC03 5.3 4.6 4C 24 Al OH 3 5.4 <2.9 -80C 24

m Al (OH) 3 Sydeffd7dy Thus, in this in vitro experinment, calgéHppRRidggonate is
“able to protect about 20% of Rotavi rus from 20 the presence of HCl, while

al um ni um hydroxide is not+“able to. 5.9: Lyophllrsatlon of Rotavirus in
presence of CaCO83 antacid: Batch n Conposition Viral titer at tine = zero
Viral titer after after t o hilisationt o "hilisation and 1 32 WO

01/ 12797 P?{g,liﬁgﬂy ﬂZ@QﬁCOMho&éwrﬁsTEaQSWWl@uﬁﬁmelnt%é/ééjrn%}ga?ﬁt 105. 10 2
Dextran: 4% Sor % K081 crose Yo
10 5. 16 10Howeser, ‘h%ﬁ'h F%?ﬁ is nglogo BﬁS’VﬁﬁP“emﬂ%"F’?&%ﬁA@a Eﬂ gidgasian §lé

00024/ 01 SpwaisaearietLsdddboley, 104. 69 Dextran: 4% Sorbitol: 3% Am .AC| ds: 2%
CaCQOs: go ng Xant hane 0. 3%

CaCOs Protection of Rotavirus during Baby Rossett-Rice antacid titration

Using 10 doses of lyophilised Rotavirus (DRVCOO3A46) and 50mg of CaCOs, two types of baby
Rossett-Rice fitration were carried out:

10
In a classic Rossett-Rice titration, the antécid is mixed with Rotavirus and HCl is poured into this
medium.

. Inthe “inverse” baby Rossett-Rice, the situation is the reverse: antacid is dropped into the HCI pool
15 (asitoccurs in vivo).

Classical 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 60 mg CaC03 53 46
4°C 24 mg AI{OH)3 54 <2.9
-80°C 24 mg AOH)3 54 ' <2.9

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 60 mg CaCO3 53 4.6
4°C 24 mg A){OH)3 . 54 <29
-80°C 24 mg A{OH)3 5.4 <2.9

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: Lyophilisation of Rotavirus in presence of CaCOjs antacid:

Batch n® Composition Viral titer at time = zero | Viral iter after
' after lyophilisation lyopjhilisation and 1
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00024/ 03 Sucrose: 2% 105.07 104.85 Dextran: 4% Sorbitol: 3% Am Acids: 2%.
CaCC3: 60 ng Xanthane 0. 3% OCE09/25 Sucr ose: _
m Acids: 2% CaCO3: 60 ng Xanthane 0.25% OOE09/ 30
Am PEFERA7958,
2% 10 4.50 104.70 Dextran:

4% Sor bitol.:. 3%
Syiolit

Sucr ose:

104. 87

Dextran: 4% S

60 ng Xanthane 0.30% 00F26106 Sucr ose:

Sor bi t ol :
one" ly
vi al .
agents ar
PCT/ EPOO/
Rot avi r us

3% Am Acids:

2%

CaCO3: 60 ng __Starch:

orbitol: 3%
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99K08/02

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC03:60mg

10516

10535

00C24/01

Sucrose: 2%
Dextran: 4%
Sorbitot: 3%
Am. Acids: 2%
CaCO0s: 60 mg
Xanthane 0.3%

10587

10 4.69.

00C24/03

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC0a: 60 mg
Xanthane 0.3%

10 597

10 485

00E09/25

| Sorbitol: 3%

Sucrose: 2%
Dextran: 4%

Am. Acids: 2%
CaCO0s: 60 mg
Xanthane 0.25%

10 503

10 491

00E09/30

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaC03: 60 mg
Xanthane 0.30%

10 501

10 487

00F26/06

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO0;: 60 mg

-_St_arch: 2%

10450

10 470

This is the "all in one” - fyophilisation of Rotavirus and antacid (CaCO3) fogether in the same vial.
To prevent sedimentation of CaCOs during the filling step, viscous agents are needed. Exampies of
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:in the presence of Xanthane gum and Starch. 5.10 Lyophilised tablets for

qui ck disintegration when placed in the nouth: 5 The follow ng fornulations
denonstrat e *lyoc" concept. That is, quick dkssol ution of the

“lyophili sedw%’;b%éz.’P the nouth. Batch no Forrul-at."ff«-’;;__l___ﬂ__--corrposiPFiT@ﬁ'“‘l’ﬁ’??fl titer
before Viral titer after |Iyophilisation lyopjhilisation and I week at 37
99810/ 06 Sucrose 4% 10 5.11 10 4.53 Sodi um gl utamate 3.7% Al (OH) 3 48nyg
99C11112 Masuch vissousagentinclude Xeathane gum apd Itpaph. 28miBotaviras astivity is oaintained kyen-

cel lul ose: ; | @kl osition Viral titer at tinme = Viral
titer after%@%%%ﬁ@%&?haﬁ?g@@%n and 1 o hilisation 1 week at 370
00024105 Sucrose: 2% 105.02 104.54 Dextran: 4% Sorbitol: 3% Am Acids: 2%

CaC33: 60 . 9 8@9[ laa s 04.56 Dextran: 4%
Sor bi tol : gg/go %Pﬁ'ﬁ%gg%b%‘gég 8&%&(2 rrgmi@gm%ﬁﬁgﬁebggwoaz%l 11 Sucrose:
1% 10 4.50 Thadelidw@ing formulations demonstrate the “lyoc” concept. That is, quick dissolution of the

lyophilised cake in the mouth.

Batchn®

Fomulation composition

Viral titer before
lyophifisation

Viral titer after
lyopjhilisation and 1
week at 37°

99B10/06

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

1051

10 458

90C11/12

Maltitol 3%

Al(OH) 48mg
Hydroxypropylmethyl-
cellulose: 1%

10 416

10 379

Batch n®

Fomulation composition

Viral titer at time =
zero after -
lyophilisation

Viral titer after
lyopjhilisation and
1 week at 37°

00C24/05

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

10 5.2

10 454

00C24/06

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

10 486

10 456

00F26/11

Sucrose: 1%
Dextran: 2%
Sorbitol: 1.5%
Am. Acids: 1%
CaCO0;: 60 mg
Starch: 2%

10 470

10 440

10 Inthe “lyoc cancept” both Xanthane and Starch can be used (maintaining the quick dissolution
properties of the lyophilised cake).
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Dextran: 2% Sorbitol: 1.5% Am Acids: 1% CaCO3: 60 ng Starch: 2% 10 In
the "lyoc concept” both Xanthane and Starch can be used (maintaining the
qui ck diss o3, properties of the |yophilised cake). 2797
PC1/ EPOO/ 0‘%1 65}1%E2<arrpl e 6: Use of Calcium Carbonate as t é’”gﬁ"&%‘% for the
Rot avi rus vacci ne conposition Wen a suspension of CaCO3 in water is used
as the antacid for Rotavirus there is a problemthat the cal cium carbonate
particl es ExamplednUse affralpium Garbenags asdeeantasidfar the Rafavits vacsinesompesitiodensi ty 5
val ue approaches 2.6 and the average particle size is 30pm This

sedi nentation can be slowed by: 1 increasing the density of the surrounding
medi um 2 WhesrasusgengipntoheaGis inovatar isyiseskas the@ntaeid fooRntavirysghareidiaprobled thabduci ng

th ti ' | - . 6.1

| nr basi ng "SI SrobpdhefEFiahoR Firkd MnE ol ple T E oot B
suspensi orvalye/approaphes @6dnd the aveeage pariideizp isi38ump) aced: on the | yophilised cake
(cont ai ni %.sﬁg&ﬁgﬁﬁgﬁ%ibgg“#y: 4% sorbitol 3% am no-acids 2% the

density of i surr mediumis increased, but the speed of CaC03
sedi nent at i on i 4 inemeasingehe/density bf thl fufreunding médiuom t he  CaC03- WAt er suspensi on.

6.2 Increasing the vi. Si:t V. . Lng medium 20 Pseudopl astic
exci pents A _psegaﬁﬁf"%@ ec\}'sé%ﬁnﬁ&it%%ﬁ@%@wg@ as a solution having higher
vi scosity on st 3madiucing theopatislesesizet 0 1 ts viscosity under agitation. Usual

exci pl,ﬁ)nts of tQ'kgepgnggaertic%rs%@vayfr%?ntelécr:haclnhe?my@rs for exanple: 25 arable gum

6.1: Increasing density of the surrounding medium: _
When the CaCOs-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 CaCOs sedimentation is not very much different from the
CaCO;-Water suspension. -

6.2 Increasing the viscosity of the surrounding medium:

20 Pseudoplastic excipents
A pseudoplastic solution is defined as a solution having higher viscosity on standing compared to

its viscosity under agitation. -
Usual excipients of this type are: | I
natural polymers for example: : |

25 arabic gum
adragante gum
agar-agar
alginates
pectines

30 '

semi-synthetic polymers for example: o
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.adragante gum agar-agar alginates pectines 30 sem-synthetic polyners
for exanple: 35 11011 WO 01/12797 PCT/ EPO0/ 07965 car boxynet hyl cel | ul ose

(Tyl oses CQyobpizies cel | ul ose (Methocels A(r), Viscotrans pf/kpoonas 0se
"MH(r) and MB(r)) hydroxypropyl cepul ose (Kiucels(r))

hydr oxypr opyl met hyt cel | ul ose (Methocels E(r) and*K(r), Viscontrans MPHC(r))
5 In general those pseud lents are used together with

oal astic exgéﬁ
t hi xot r opi ¢ agentaoxymsthyigeliyigse{Ivigses &Rk pi ent s with I'ow flowi ng capacity

Those pol yners, abthylcefidst (MetifBéls A®, VisaitiaheMC®, Tylods Me® BAcMB®)0 a struct ural
fluid arrangenment resulting in 10 a high viscosity solution having | ow
f1 owi ng capaci t yhdrexyrapperliepe (Hucels®) ai n quantity of energy needs to be

gi ven o the SyShadfboiinkitehlieininRadEd bR, diconfarsdielg) ener i es

(agitation) are estroy tenporarily the structural fluid
arrange®ent in order to obtain a fluid solution. Exanples of such polyners

are. Car bopgh Gtk :ﬁoggﬁ%éaabyaamx%ms arclused (heliRf MhIRBCHRAR! S W LN T hese

exci pent s, a gel ucture I'S obtalne e under agitation
a fluid solution is obtained. 20 Exanples of thixotropic excipients are:

i orocr yst Sepeansdt b U e Rl Y P iose) ney - 6.3 Reduci ng
t he parti clThesepolyreers) at esifficientconcentrationegi@iSe® astweiira fiyd sirangemantrabultinglini n a
decr easfy | %-hﬁ&ﬂ%@o@ftﬂ%ﬂmﬁﬁ?ﬁ&vs ﬁ’owfﬁfg c&;ﬂ?ity 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 exclpents
With these excipents, on standing, a gel structure is obtéined; while under agitation a fluid solution
is obtained.

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

6.3 Reducing the particles size
A reduction in the CaCO; 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 smaller (about 1 um) than

the CaCO; particles, are placed between CaCO; particles in order to prevent aggregation.
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25 conpound. 6.4 Keeping particles away from each other This is the case in.
Veegun(r) and Avicel (r) for which insoluble particles smaller (about 1 pm
than the %(ngﬁgrticles, are placed between CaCO3 particles in order to
prevent agQregarion. 36 WD 01/ 12797 PCT/ EPOQ 07965 ExanpfHERROOBS]qyct
design The foll ow ng schenes denonstrate exanpl es of possible product
designs. 7. 1 CaQ03 in the syringe 5 Having already clinical batches of

Rot avi rus FxpmpledfsRradueddesigh al s, the antacid can be placed in the

reconstitu hriclAld a4 j ' ishge with 1.3 mM CaCO3
(60mg/ M) m@gﬂ]})*élwtﬁ%ﬁ%%?e %%ngﬁfgg%h?gﬁ%@ﬁgé@pr oduct presentation,
sedi nentati on of CaCO3 nust be under control not only during the filling

st eps, but7ql_é§o%r¥jgﬁﬂ;.¥e conplete shelf-live of the product (at |east 2
years). . | yophilised vial 15 Syringe with 1.3 mM \Water
Needl e § Lyophilised vial Rotavirus + CaC03 (60ng) Xanthane

Having already clinical batches of Rotavirus in iyophilised vials, the antacid can be placed in the

reconstituent liquid contained in the syringe.

Syringe
with 1.3 ml o
CaCO3 (60mglm|)

| I " Needle

E Lyophilised
Rotavirus

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

7.2 CaCO0; in the lyophilised vial
15 - ' :

Syringe .
with 1.3 ml l :
Water

' Needle i

C

Lyophilised vial
Rotavirus +
CaCO3 (60mg)
Xanthane

7.3. Lyophilisation in a blister
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-7.3. Lvophilisation in a bl i”ster 37 life] WO 01/12797 PCT/ EPOO/ 07965 In
CaCla and Xant hane gum are |yophilised together

~directly | nwblygrdadd ster. M+

this case Rotavirus,

titer at t = Viral

titer after

hilisation | week at 37 26/

Dextran: 490 BREPFIOBVIRS,
2% 10 4A 10 4.4 Dextran:
Sucrose: 2% 104.6 104.5 Dextran:
0 .8 104.8 Dextran:
2% 104. 6 104.5 Dextran:

G4 (VA 70) S

0CF26105 GO (W61) " Sucrose:

GlL Sucro
thgqs,guTR afe
4% Sorbitol: 3%

wind

Example 8: Lyophilisation of different strain of Rotavirus

Am Aci ds:
4% Sorbitol: No Am Acids:
49% Sor bi t ol :

3%

5 Exanpl e 8: Lyophilisati on pefgdpddsedsent
strain of Rotavirus Batch no Rotavirus strain Fonul ation conposition Viral
zero after lyopjhitisation and

o g B
29 0OF26/ 03 G3( P)

2% 00F26/ 04
Am Aci ds:

|l o

4% Sorbitol: 3%

Batchn®

Rotavirus strain

Fomulation composition

Viral titer at t =
zero after
lyophilisation

Viral titer after

lyopjhilisation and

1 week at 37°

00F26/01

G1
SB purif n°61
PRO/0232

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

1046

1047

00F26/02

G2 (D5-1)

Sucrose: 2%
Dextran: 4%
Sorbitol: 3%

| Am. Acids: 2%

1044

10 44

00F26/03

G3(P)

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

1046

10 45

00F26/04

G4 (VA-70)

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

1048

10 48

00F26/05

GO (W161)

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

1046

1045

10 The strains DS-1, P and VAT0 are described as Human rotavirus reference strains for serotype G2

(3 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.

38
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Am Acids: 2% 10 The strains DS-1, P and VA70 are described as Human
rotavirus reference strains for serotype &, G3 and &4 respectively at
page 1361 g 6‘155.517ds" Raven press 1990, second edition. |n this experinent
different Rotavirus strains have been |yophilised. For aFC"ES§¥9%5he vir al
titer have been maintained during |yophilisation and accelarated stability
(one 15 week at 37C) has been shown. 38 WO 01/12797 PCT/ EPOO/ 07965

Exanpl e 9: Exampie9: | Phase lsaletystudyjn adylisof ane grabadminjstration of the Rotavieusr at i on of t he
Rot avi rus yaegmei Ne. A Phase | study was carried out to assess the safety
and reactogenicity of a single oral dose of 106.0 ffu of the P43 vaccine

i n heal t hyARbase{ sludyavesl cardediout togssgss thesafely andreacloigenidity ofl a singleatal dussofdoubl e
blind and sg@p ' : - and sel f-contai ned. The
study was foogrﬁgdr‘ﬂrr'é?a?ﬁécéﬁ%ﬁﬁ%%rﬁgggggﬁ)’r@y%&%gl gium Study Popul ation A
total of 33 subjects, 11 in the placebo group and 22 in the vaccine group,
wer e en® ol Theelinigabirial was dayble-plind erdyandamized. Wawas plagebo-capirolied ansrself-cantainedCaucasi ans.
Thei r nean i : o 4 0 was 35.3 years, with a range
of 18 to 4%%@5%%%%’&%3@%"&%%%@3?3 nt'}éry and ran forjust over one
month. Material Vaccine Cinical [ots of P43 vaccine were produced,
purified, Sdiflopdatied and | yophilized according to Good 15 Manufacturing
Practi ces. I AR i y ] Assur ance.
Each i ai A BRFOIST el i e ARSRI Yl AR I vicl i A ol el "o

i ngr edi ent complgted Ye sty All yaluntegrs werg Garqgsiansx BieisMeanage aldbetinielof vageisatiorSucr ose 9

Mg Dexd r afash8 38ars, with Plahg of 1to 34 [dars. The trial began in January and ran forjust over one -

month.

Material

Vaccine | N
Clinical lots of P43 vaccine were produced, purified, formulated and lyophilized 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 9mg
Dextran . 18mg
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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.1s Amno acids 9 ng 20 Placebo Vials of placebo were prepared and
rel eased. Each vial of placebo contained the follow ng conponents:

~ Excipiient ﬁ”ném‘g"’l" zers: 39 Hill WD 01! 12747 PCT/ EPMO?‘V?CWUQ%%%Q ny

Dextran 18 Oorbitol 13:5 nmy Anmino acids 9 ‘Ag:- Diluen

injection was used as diluent to reconstitute vaccine and placebo. 5

Adm ni stration Approximately 10 to 15 m nutes before adm nistration of the
vacci ne or Sutresepl acebo, sulfire@ts of both groups were given 10 m of

Myl anta(r) Dextrdnl y. Myl anta(#8mg s a regi stered antacid. The antacid

i ncreases tgiH of the stopmGRy and prevents inactivation of the rotavirus
during itsmﬂ) e througrbr[@e stomach. 10 To prepare the vaccine, two
vials of lyophiTized P43 contai ning 1058 ffu per vial were reconstituted
with 1.5 m_of diluent water for injection. This achieved a cal cul ated
viral titerP¥em1061 ffu per dose. The reconstituted vaccine was

admi ni st er agtérTe iclion was usad 84 diber toredhstitltaccint@ndplegbs.e t he pl acebo, two
vials of lyophilized placebo were reconstituted with 1.5 m water for

“injection and adm nistered orally as a single dose. 15 Safety and
Reactogenicity The followng criteria of safety and reactogenicity appli ed:
Solicitead gummisthtioaynptons were fever, diarrhea, vomting, nausea,

o PRy 105 15 AnuteSBAGS bbisumioor 5 Seoh8 She'Sisbesl lsads §f 9™ 9V
both groups were given 10 ml of Mylanta® qrally. 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 10548 ffu per vial were reconstituted
with 1.5 ml 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 mi water for
injection and administered orally as a single dose.

16  Safety and Reacfogenicity
The following criteria of safety and reactogenicity applied:
Solicited general symptoms were fever, diarthea, 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.
Diarchea samples were to be collected during eight days post administration.

The resulis were;
No solicited symptoms, no unsolicited and no serious adverse events were reported during the

25 respective observation periods.

No cases of diarthea were reported.
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Unsolicited synptons were recorded during 30 days post admi nistration. 20
Serious adverse events were recorded during the entire study period.

Di arrhea _ re to be collected during eight days
adninistrzﬁﬁgkgﬁyﬁﬁe results were: No solicited synptons?eﬁ%”ﬂﬂgﬁficited
and no serious adverse events were reported during the 25 respective
observation periods. No cases of diarrhea were reported. 40 WO 01/12797
PCP/ EP00/ 079988510n&0onc| usi ons SB Bi ol ogi cal s P43 vaccine was safe relative to

t he pl ace h Velto th s a single
P s S AL ;:&:j@“%"?“wﬁ%@?sf*ﬁ“aﬁ% 0 4. 41

WO 01/ 127 iindHeshionped singledpse atthe doserof 101 athyadyibvolunteers ageditBio44. s 1. An
attenuated rotavirus popul ation, characterised in that it conprises a
single variant or substantially a single variant, said variant defined by
a nucl eoti de sequence encoding at |east one 5 of the major viral proteins
desi gnated as VP4 and VP7. 2. A rotavirus population according to claiml
which is a cloned strain. 3. A rotavirus popul ation according to claiml or
claim2 which is derived froma human 10 rotavirus infection. 4. A
rotavirus popul ati on according to any one of clains | to 3 which replicates
inand is excreted by humans. 15 5. A rotavirus popul ation according to
any one of clains | to 4 in which the substantially single variant is a
variant in which the VP4 gene conprises a nucl eoti de sequence conprising at
| east one of the follow ng: an adeni ne base (A) at position 788, an adeni ne
base (A) at position 802 and a thym ne base (T) at position 501 fromthe
start codon. 20 6. A rotavirus population according to claim5 in which the
VP4 gene conprises a nucl eotide sequence conprising an adeni ne base (A) at
positions 788 and 802 and a thym ne base (T) at
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.position 501 fromthe start codon. 7. A rotavirus population according to
any one of clains | to 6 in which the substantially 25 single variant is a

variant in whoflséhe VP7 gene conprises a nucl eotide seque@f,ﬁl,&@mgl sing at
"l east one of ng: a thymne (T) at position 605, an adenine (A)
at position 897 and (G) at position 897 fromthe start codon. 8.
A rotavirus poﬁ“\ Mﬂg gto c@ 7 in which the VP7 gene conprises
a nucl eoti de sonpri si ng mne (T) at position 605 and an
adenine (A) or a guanl ne (G at position 897 fromthe start codon. 42 This
Sheet Has Been Replaced I~"I11 I~ 11ILILIL WO 01/12797 | 1!'I1L1i 1111
lvii 11111 %1 | ‘Apattenyated-oigyinyy pepylation, eharagteqsgd ip jhat '@J?P"}%ﬁfﬁﬁémlﬁ)ﬁnaﬁébr ding to

claims 5 t%uﬁsmngén%%h@@vén&ﬁ sHid4arfiRi R fifed P4 hi? mmsnde séﬂ&érﬁc@@ﬁda@iﬁ‘g |RALRREC

conprising an a | ne at positions and a thymne (T) at
posi ti ord 5@ithe majer virke '@rqu'ﬂf@&éﬁSV@&@dtVﬁe VP? gene conpri ses a nudeoti de
sequence conprising 5 a thymne (T) at position 605 and an adeni ne (AA at
position 897 fromthe start codon. 10. A rotavirus which conprises a

nucl eot i de I equdimatavispapdlatig acconting tqniaie éwhiclhacloned stréis  nucl eoti de sequence
Is as shown in Figure 1, and/or a nucl eoti de sequence encoding a VP7
protein wherein the nucleotide sequence is as shown in Figure 2. 10 11. A
rotavirus pghpul drotaviusppulaiitniaccording &g fher algfim € whichis darivedirog huthesi gnat ed as
P43 and d ‘aﬁj @gcttéﬁder accessi on nunmber ECACC 99081301. 12. A rotavirus
vari ant degrg% '3 and deposited with the ECACC under accession 15
nunber 99081301, rotavirus progeny and i mmunol ogically active derivatives

thereof and, mat Leassortant
compr i si no it 1 e bl 3ERrdyg S Rt e 4 D M forhiges ORGS0 L
vari ant P4&xereted)byj|umgns.o claim1l or claim12. 20 14. A nethod of producing
a purified rotavirus popul ation conprising a substantially si ngI e variant,
the met hod conpri sing:

- 16 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) at posmons 788 and 802 and a thymine base (T) at
position 501 from the start codon. '

1. A rotavirus population according to any one of claims 1 to 6 in which the substantially

- 25.  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.

8. A rotavirus population according to claim 7 in which the VP7 gene comprises a nucleotide
30 - sequence comprising a thymine (T) at position 605 and an adenine (A) or a guanine (G) at position
897 from the start codon.

—_—
This Sheet Has Been
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passaging a rotavirus preparation on a suitable cell line; optionally

sel ecting honngeneous culture using the steps of either: 25 1imt

di lution; i dual ] ' and checking for_the presence of
a substantl q}}ws?lngl e v “ﬂlﬁ“'ﬂ]“@“ﬂml ng an appropri §F§’EP? 1%8n of the
VP4 and/ or VP7 gene sequente.® 306 1%. A rethod according to claim14 in

which the rotavirus preparation is passaged on AGW K cells. 43 This Sheet
Has Been Replaced 11111111 1112121 111/ 11 11111 WO 01/12797 PCT/ EPOO/ 07965

I 1{{1111 whi ch

Lhe t ot avi Sus- oy S8 pdPBllt CoRffic i § 0 0n it e dent b33 7T O

deri vat i venuckelide s#querge gomprisingastadenine4d)@bpasitiong 78%and 802 andradhyine¢T)at ms 14 to
whi ch

16, Ic &gﬂa{ %?i ﬁt?nsw ghﬁ gtlaﬁgc%ﬁ 'aﬂ&‘@a v} o 9Jmpn£§ Q,‘(ﬁﬁd&o&%@eﬁﬁﬂ& céﬂ%rgﬁﬁm ve

adventitiou ve contamn
corrp05|5|mmmnﬂﬂ&pm}pomﬁﬂ&aaéalaademm&d@omw framdier siirtogddno  any one of

claims I to 13 adm xed with a suitable pharmaceutical carrier or adjuvant.

10 19. A vaccine conposition according to claim 18 adapted for oral
adm ni st r atli on.A ro2drus whichecomprises g outjeotide séquence encoding P4 proteih whemirlile i N whi ch

the live att .CO ition. 15
21. A vacc’fuﬁlg&@%%regﬂﬂchsgis@%lg%% ?ng}%fj? Wﬁ&‘?ggeﬂﬁﬁﬁ"” B¢ EVHnt aci d :
conposi t i oprotein whereis the nuckestide 'seruence iscas iskowindh Figti. 2. A vacci ne conposi ti on
accordt&g to claim2l, wherein the antacid is sodiumcitrate. 20 23. A
vacci-ne’ conposition according to claim 20, wherein the antacid conposition
conprises 11.  Arotavirus population according to any one of claims 1 to 10, designated as P43 and

deposited under accession number ECACC 99081301.

L

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

13.  Arotavirus reassortant comprising at least one antigen or at least one segment of the
rotavirus variant P43 according to claim 11 or claim 12. |
20 | - ' .
14, A method of produc_ing a purified rotavirus population comprising a substantially single
variant, the method comprisi_hg:
passaging a rotavirus preparation on a suitable cell line;
optionally selecting _hbmogeneous culture using the steps of either:
25 fimit dilution; or
individual plaque isolation; and
checking for the presence of a substantially single variant by sequencing an appropriate
region of the VP4 andfor VP?' gene sequence.

30 - 15.  Amethod according to claim 14 in which the rotavirus preparation is passaged on AGMK
cells. |
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.an inorganic antacid. 24. A vaccine-eenpusition according to claim 23,
wherein the antacid is alum nium.h 25 25. A vacci ne conposition
accordi ng two éi/3hen 23, vvher\m‘“\ﬁ\ ‘%m “‘\ s cal ci um car peR@pfror96s6. A

"vacci ne conposition accord irther conprises a

vi scous agent. 30 27. A vacti ne conpositi on acc rsing to O aim26, wherein

the viscous agent is xanthane gum 44 This Sheet Has Been Repl aced

1111111211212112121211 21121 11212120 NELT 1P ra1 CHILIE WOOVWUM* ¢ L M PC

T1EPOOI 079618, . 28 methodaceording teceteim 04 ortdlainm 1 5io whichotheptaviusprepanativn has the | ai ns 25 -

27 wherein the | virus i s fornmulated with cal ci um carbonate

and xant ha faﬁw%&%@?gzé{@"{?ws'a'aw#ﬁ éueous solution. 5 29. A vaccine

conposition according to any one of claim 20 to 28, vvherei nthe live
attenuated ,virus is formilated with th aci,

| yophi I i%sed7i n 4 methadiageo étkanyg@pofglawﬁéf %“?ﬂlﬁB é@@'B’HH?t?Rj)fto any

one of cl aléﬂﬁr&&ﬁ&t@%md@mvemmodsbmew:tew@et;@mtammaudagyagaalitsI ised form 10 31. A

vacci ne conposition according to claim 30, wherein the |live attenuated

virus and the antacid conposition are present in separate containers for

formul ati omgas & Jabéd Empcied mpnsn@rmn&mtehﬁ&dmus%cmgaéaﬂymnéafrcarmsqn 15
32. A vaccine_conposition accord Q% to claim 30, wherein the live

att enuat ed 50"33@"%6@'“5%8""3@%@@9&9 %ﬁ%@q'?'%NV%*e present in the same
containggy for fornulation as a |yophilised vaccine conposition to be
recontituted with agueous solution prior to admnistration. 33. A vaccine
conposi t i ont8onp ageinepompasition-acserding g sleiey! Sraganied foroel gdminisiralidler ei n the virus
is in 20 lyophilised form 34. A vaccine conposition according to Caim 33
wherein the conposition i's in the formof a quick dissolvi ng tablet for

i mmedi at e d€0s s ol Anaceine campgsitipn apserdingla claife! i he live attenuated virus is

formulated with an antacud compaosition.

- 15 N . . _
21.  Avaccine composition aﬁoording to claim 20, wherein the antacid oomposition comprises
an organic antacid. o '
22.  Avaccine co'rhposition according o claim 21, wherein the antacid is sodium citrate.
23.  Avaccine composition according to-claim 20, wherein the antacid composition comprises
an inorganic antacid. -
24.  Avaccine composition according to claim 23, wherein the antacid is aluminium hydroxide.

25

25. A vaccine composition according to Claim 23,-whe_réin the antacid is calcium carbonate.
26.  Avaccine composition according to Claim 25, which further comprises a viscous agent.

30 27.  Avaccine composition accorsing to Claim 26, wherein the viscous agent is xanthane gum.
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25 35. A vaccine conposition according to claim33 or claim34 conprising a.

Sleh 5 Col g ?Léﬁél?ﬁlﬂﬂlﬂlﬂﬂllﬂlﬂlilﬂﬂ Coert Such 2 xgo fel gm ‘36, A

vacci ne corrpos |on according tb cfaim 35, wherein the af Svirus and
the antacid 30 conposition are present in separate containers for
formulation as a |iquid vaccine conposition prior to admnistration. 45
Thi s Sheet28Has ABenineRoppasitiencacoonding a any onelof tiaims 23 + 27 wherdin the liveliattenuated 01/ 12797

PCT/ EPO(VrQJ lg ﬁ)ﬁnucllal}e:]d;vﬂtfl éélllgt}rﬁa(f.a'rr#oé%e ;rJdlxaf{tIJtané gl{njl de cu\stltu g@-;ag%o& 7. A vaccine

conposi ti on accor wherern tenua and the
antacid coolfionsi tion are fornulated  in the sane cont ainer, as a lyophilised
vacci ne conposition to be reconstituted with aqueous solution prior to
adm nistration. 5 38. A nethod of manufacture of a rotavirus vaccine

conpr i $§ ng9adniAwacvine aorposition acéosding td any ene af Claier204d 28 wheneirethe ive attenuatets Wi th an

antacid and a d of ting rotavirus infection
i n humans W'ﬁé "Fﬁ%t“@ﬁﬁ'ﬁ@"@%‘ﬁﬁmﬁ?fﬁl% '@8&9}’@@?&1 él%?eﬁpq{: ed thereof an = -
effective anount of a vaccine according to any one of clains 18 to 27. 46

Thi's SheetaOHas A%ggu%e %omposuf: on acclorldln%%o anly Iorlle of clai%\% Jﬁ!1 to 25 Iwhereln the wrusI :é in

_ Iyaphilised form. '
10
31.  Avaccine composition according to claim 30, wherein the live attenuated virus and the
 antacid composition are present in separate contamers for formulation as a Ilqwd vaccine

composition prior to administration.

15 32.  Avaccine composition according to claim 30, wherein the live attenuated virus and the
antacid composition are present in the same container for formulation as a lyophilised vaccine
composition to be recontituted with aqueous salution prior to administration.

33.  Avaccine composition comprising a five attenuated rotavirus virus wherein the virus is in
20  lyophilised form.

34.  Avaccine 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.

25 35.  Avaccine 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
agent such as xanthane gum.

36.  Avaccine composition according to claim 35, wherein the attenuated virus and the antacid
30  composition are present in separate containers for formulation as a liquid vaccine composition prior

{o administration.
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37.  Avaccine composition according to claim 35, wherein the attenuated virus and the antacid
composition are formulated in the same container, as a lyophilised vaccine composition to be
reconstituted with aqueous solution prior to administration.

38. A method of manufacture of a rotavirus vaccine comprising admixing a lyophilised live
attenuated human rotavir_us with an antacid and a viscous agent.

39.  Amethod of preventing rotavirus infection in humans by administering to a human subject
in need thereof an effective amount of a vaccine according to any one of claims 18 to 27.
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