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the severe disease normally encountered in young children, most adults are protected
as a result of previous rotavirus infection so most adult infections are mild or
asymptomatic (Offit, P.A. et al. Comp. Ther., 8(8):21-26, 1982).

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

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



structure of a rotavirus surrounds an inner protein
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oral vaccine, as this is the natural route of infection of the virus.

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

A rotavirus strain known as 89-12 has been described by Ward; see US Patent Number
5,474,773 and Bernstein, D.L. et al, Vaccine, 16 (4), 381-387, 1998. The 89-12 strain
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It has now been found that the P26 population described in the literature comprises a
mixture of variants. This has been established by genetic characterisation as described
hereinbelow (see examples). P26 is therefore not a reliably consistent population for
further passages, in particular for the production of vaccine lots. Similarly, P33
comprises a mixture of variants and is not reliably consistent for the production of

vaccine lots.
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Figure 1 is the nuclectide sequence encoding the VP4 protein of P43.
Figure 2 is the nucleotide sequence encoding the VP7 protein of P43,

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

used in the vaccine.



vari ant defined by a nucl eoti de sequence encodi ng at
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In particular the use of a G1 attenuated rotavirus population, [for example as deposited
at the European Collection of Animal Cell Cultures (ECACC), Vaccine Research and
Production Laboratory, Public Health Laboratory Service, Centre for Applied
Microbiology and Research, Porton Down, Salisbury, Wiltshire, SP4 0JG, United
Kingdom on 13 August 1999 under the deposition number 99081301, under the terms of
the Budapest Treaty], can be used to prevent disease caused by G1 and at least one,
preferably at least two, more preferably at least three, most preferably at least four non-
G1 rotavirus serotypes selected from the group consisting of: G2, G3, G4, G5, G6, G7,
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Preferably the method is a method of inducing an immune response against rotavirus
non- G9 serotype, the method comprising administering to a subject a composition
comprising a rotavirus G1 serotype vaccine comprising a single variant or substantially a

single variant as defined herein.
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above. Preferably the vaccine is used in a 2 dose
stieid e ifveRfic reRitas tb A PEasElIAR SMamsiifiRSthel®SBuses as described
tg}){ot ection agai nst gastro-ent eritis. Accordingly, in
6t her aspect there’is provided a nethod according to
the invention vvhereln i.n conposition is up to 60%
ive, in ggpulzt on_of vaccinated individuals,
S

PPrOttﬁ ihe a 0%E I
aeé%{? 3 d‘f&?Pﬁ&?e‘f’f § By 9MP%cti on of a rotavirus
cof a different typetothat of the attenuated -

| PFe%rgﬁlli/ h%s\hagmﬁg EFg\ndes c} HFOQe@ng ﬁé%ﬁ’sq gg%ro erﬁ rr}{s A?%Oédmgly in .

rovi
amoi!vmaspem thene rseprwdddsa meﬂnpdsmordmg testhe mveotlcsﬂy%erem in

' ccﬂ'ﬁ ﬁﬁh' @%“’/nﬁrtote%ﬁ\% 4 E&uﬂéi’o‘n ?v&d@ﬁgfeg |p&f\{5duatl atgalnst

ctlono arotavirus o eren
dlerrhqqeecaaﬁecébwlafe@uorr ftearetavings gfracditerent type théhat of the attenuated

ro@évmgﬁffegéﬁr?n th@ c%nﬁbkll &n. flryér‘icnﬁé'r a@ﬁ&ﬁ Gherelidiofided a method

provi ded a net according to the invention erein
aqq@é’lr&otﬁﬁ%%unve'awnd\tbﬁfﬁw %‘é§°ﬁ‘p@t'qrb'ﬁ &0ite 8% Protegtive gaaipst
gastroliitdrifls 8806eR Y ifFEdtio &f b PotaviRBR¥ b AteRiht Bbe Yothat Hahed
atltermlat\(/ald qgtg\lnrsusaggsleﬂts ltn the composition. In a still further aspect, there is provided
a method according to the invention wherein the composition comprises a G1 rotavirus
strain which is up to 83% protective in a population of vaccinated individuals against
severe gastro-enteritis caused by infection of rotaviruses of at least two non-G1

serotypes.

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



severe gastro-enteritis caused by infection of
rotaviruses of at |east two non-Gl serotypes.
wee@seembd y t he protection rate agai nst di arr hB€BEP2004/009725
and/ or gastro-enteritis andd or severe gastro-enteritis
Vyépfiddved in a popul ati on of vaccinated individuals
infected by a rotavirus of a different type to that of
the attenuated rotavirus present in the conposition,
is between to 90% nore preferably between 20 to 80%
TRE $étaRFeVaEGM Ysedito hRaTHos3 RIetdddoR A8 thETeIdwiiAMrefer@d features:
vacci ne used to give cross protection has the
followi ng preferred features: Preferably the rotavirus
Preferdb fhe fotadinepdpuRtidroaddB/ling te @Y inGéhtibh ista ElbeétPdriant.
variant. By a popul ation conprising a single variant,
or substantially a single variant, is neant a
By @t moplulatisn papprisidg a)mngm ivariarmlcmesummdntuam ahgen’aﬂmtlnh &teant a
r%tge”@us?)ﬁguIQQ®f\ﬁl?|3\b 2?,% ita ﬁ\%ao?:%%a Pdlo%o%d an‘% §6l§3‘% gtnsan 5%
apd pwishpretenablyclass than pB{crtpffa different Viadans e maianys. dfirus populations
céHBéEé‘PfFe'd% hBHH?&% nfb! yub@%nﬁﬁ%%ﬁgp%ltg%%?gééagmg n%%h!ame cell
type a series o
types psby mﬁ%@mmsﬁ@és @?orterm Mate gleningistaps. t hat a
popul ation conprising a single variant is nore
-suitable for the fornul ati on of a consistent vaccine
Ansdvarpage efdle invertiepiinthesa aerylatien CAYPTitiRg @ §inplgevariant is more
s&nféu@fﬁﬁm& fRiMelion 9f 4 BensiEiRVaddineabt. F!*a%cﬁula'ﬁ Safigs @fHed by
associated wth enRanced efficac %Q%@ prevention

"Hﬁge‘?tlS*Pa?@ﬂﬁ‘%e? RReAdinadhe maiog Hial proteia F‘ékﬂa @ssoqigigd with
efhdigke eflicagub Hepreveantiby ofiottyires Midkcti@ént i n the
rotavirus popul ation of the invention is a variant in
whi ch the VP4 gene conprises a nucleotide sequence
Ircomeppreteimed aapedt, ébes singleer sdbstamtialfycdingtewanignt iathewdeaviroe
(. S

pgg;\g?t 0&% t%dﬁpe%'grg Is e{\ﬁanrgnﬁt’ nlg gggﬁ{w}? g?l% (gosr}qgf segg g(ﬁleotlde
séquence hemprising atcbeaﬁ»bnne of the fouowm@rareameme bah@(ﬁsﬂah positiaor 788,
o6 SOEHATDAR 0 Bl oA s¥2EhTimiting O FEPH BeHiBA S0 rbRe
startmedpreot | de sequence conprising at |east one of the
foI lowi ng: a thymne (T) at position 605, an adenine

%H‘ﬁt position 897, or guanine (G at position 897
"T 7 Biherasneeidhe singladh SUW%F'@\'Ya%'P%}e &fl‘”aﬁ‘b@ltt‘? BePURdPN Chibee

ifventih .gaaahm il iblich thed/ A gin@lcoRBridssesicidoi8e Sédqudhse
variant in the gftﬁul ation accordi ?’)gat o the invention

cpqRrising at least one e following: a thymine (T} at position 605, an adenine (A) at
position 897, or a guanine (G) at position 897 from the start codon. Preferably at

position 897 there is an adenine (A).

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

In another preferred aspect the single variant in the population according to the invention
has a thymine (T) at position 605 and an adenine/guanine (A/G) at position 897 from the



an adenine (A) at positions 788 and 802 and a thym ne

(T) at position 501 fromthe start codon in the VP4
w@eos/oswgiience. n anot her preferred aspect thepPci/EBL084/009725

variant in the population according to the invention
VRE¥8A thymine (T) at position 605 and an

adeni ne/ guanine (AJG at position 897 fromtheVU60489

start codon in the VP7 sequence, Mst preferably in
stapeodpyindagViEA é%qtt‘%ﬁ‘é?-eMP?CL%iﬁre]?@bH'i‘ He \(F% 5%&“%?%%?'?%?13"
a8&vne (M) at paition@glzar |y preferred aspect the single
variant in the popul ation according to the invention

has an adenine (A) at positions 788 and 802 and a
Irt fipartiadar(yprefatre¢h aspeict the sbigle Fariant it tre =ipalatiore achordingto the

.t he. VP4 n n and t.hyii T . i.tion.
rgiollTi 35 MEeBAP S Busifle e Bhe Epd Sl B 5! pfilien o
froiehes start tcodardo the ViP4 bendsEquseap end @ thyiiise (T) etpesitab| 695 and
ah BCi e B NS Bt o7 Srfih AL i berMe? sequence.
Moshiprefesably in thri¥PEsedugace thgeinep adenioel (Algt aositien §7ot ei n

wherei n the nucl eoti de sequence is as shown in Figure

1, and/or a nucleotide sequence encoding a VP7 protein
Ingnothar ﬁS@%thﬁtﬁm%‘ﬁf@@t “erpiiesre "P@e%§e§ﬁ6mc? fnEading-2VP4
proteiPWRERIN RE nlGéstidels8gudRB M & 4HM ih PiguktSE ahBlok BBucleotide

resent invention rraH%/fl be obtai ned b nmet ho

. y a d :
SeIepre €nqeging Fadfsabelty whersnls P%FéeOﬂ)Fg%ﬁ%‘H%ﬁ“P%ﬁ grshgwn in
FRurd abl e cel |l type; optionally selecting honbgeneous
culture using the steps of either: a) limt dilution;
or b) Individual plaque isolation; and checking for
Ptdierqu rewingepapiulatiossifos Useninitlad prgsait ingkestionamaybd oflitsiined by a
carrying.out a sequence determ nation of an
maeg“[?rd&ﬁ'ﬂ%é{gﬁé'r egion of the VP4 and/or VP7 gene
passggiep @gotalrus epdrationt dnea puitpbleaell typei s deri ved from
: - [ ' S e . The
ool g AbnSAd RS o R b BRRBBPUEr T 1 1
ah quantimitgilition; or seni quantitative hybridi sation

'bLﬁeﬂﬂhg%&H%I%n%r@ bl ot hybr,i disation or plaque
ybridisation. Preferably the selected variant is a
chagkingher thiprerence of @subetantially single ¥adand by gamratoytiaesequence

determination of an appropriate region of the VP4 and/or VP7 gene sequence.
Preferably the population is derived from the P33 or P26 strains as described above.
The sequence determination may suitably be carried out by a quantitative or semi-
quantitative hybridisation technique such as slot blot hybridisation or plaque

hybridisation.

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

The resulting cloned virus population resulting from the method according to the
invention may be amplified by further passaging on a suitable cell line.



starting rotavirus preparation is admnistered to a

human subject, in particular a child. The resulting
w@b@seehoss r us popul ation resulting fromthe nmepdEP2004/009725

according to the inventionipay be anplified by further
VEeX8hgi ng on a suitable cell |ine.VU60489 Suitable

cell types for passaging the rotavirus population in

t he above nethod include African green nonkey ki dney

(AGWK) cells, which nay be established cell Iines or

Shitduréan t%@ﬂﬁ)rﬁpﬁsh@m blraBlifis afidt ih tihd é&%e'n@ﬁd&ﬁclude
A caaé%%ﬁpn‘g@eefite@éﬁe%%@%%h chaY R £k Sokdipes o
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7GaFdsgsuitgble mrédAot! an(rHesusgmmelseyalarhﬂ MROS (rmmayn—ekbbc CCL-171)
celﬁ%ggl ggr%s T 5re plg?trcular]g Pé&?eeréeﬁ"af?ré 53 i frgatro%rfp% Oo%'s?% ?’assaging on
Vﬁ@tdeﬂﬁglvemaihigbmromyreldm ning the nature of that single
vari ant involve standard sequenci ng or hybridisation
procedures known in the art and are descri bed
Teehnisuad EIr sheckingavhether diare i asipgle vananéinmieYing dopélatidneresulting

oMM nePRd] shdFar éét&ﬂwrrﬁh’d thdSHafle aﬂh%ép@\r/ér%h? nvolve standard
rotavirus, particularly rotavirus having t

SRqYEPEieg ef 'i'@['i"é%t'o@fpr???éu@g kpowa in the grtgnd gre %esﬁﬁ%@”below
deri vatlve thereof. A particularl y preferred single
varlfa Eul tioni% 43, whj ch é)btalnedfromPSS

I prefesisH asRefF sihodetpe FlY@”‘tS’é“é%&@’@% Qu4f Using A gpRropriate

rcﬁaﬂrmw@rﬂmlaﬁﬁ potaNitus &b Eng eHel chiapepesitida)of ehesBo-1 2strairt oredia@

n teps followed by passaging the 4
p%ﬁsgg% Q‘reqh?’%ﬁ Vero cells for anplification. A P43

popul atl on was deposited at - the European Coll ection of
e n
A@%H%& {Ifg elferr(egor \?‘arrgaﬁigﬁrgﬁ'?atlo %gf4t3h\ﬁtr|c%g§§ gtraln%g Qrom P33
(aBasalated hur@amtatavirue pasq@pes agitines mablitwiewgl}epamnﬁlesne&typhs) by a

{%rsto‘f’gncp&m n §1@hrh§ ggggf }%&& ﬁ¥ hés%gguﬁgf]heq}&ed n%r‘reéi' on Vero

I ngdom on ugus sitron nu
cglgdganptificationder the ternms of the Budapest Treaty.
Although this indicated public availability is the
npl est net hod of obtaining the human rotavirus P43,

ABHARORY I HATEVAS ARROS KAt e %terseqaa\ﬁwspm%n of daina! Gl Cultures

(ECAGY), VHSRTe REaRS b FFedRHoPYaborsts, PiblietHealth [BIhREE
in view of_ the tﬁlﬂchl ngs of this invention. Such

Service, Centre for Applied Microbidlogy and Research, Porton Down, Salisbury,

Wiltshire, SP4 0JG, United Kingdom on 13 August 1999 under the deposition number

99081301, under the terms of the Budapest Treaty.

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



functionally substantially identical rotaviruses are
considered to be biologically equivalent to the human
wo od0aweres P43 of this invention and theref or eper/@P2004/009725
within the general scope oftithe present invention. t
MM6P489t her ef ore be understood that the inventi onVU60489
enconpasses rotavirus popul ati ons having the
characteristics of the P43 variant as described
anepapasses refpyitus priyatings iayes dhegbarackrastiasid theRAhvarigpt as
deBEyEpaeess materials derived fromthe deposited P43
ECACC 99081301 by subjecting it to further processing
such as by propagating it by further passaging,
loWi0 Bisbdhe ubtedtdod tha tieCiagkition ebdoniltstéembtiells defivs f@ the
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rsoggatimit by facther maseagirag, elonmgl oratieauprocedties uamg the hve virus or
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W AR BT ¥ L BIhO By BPRE hflests dhfeRbf epssonant
tectn@uesl Sudf stpmanddatmquemaewslt krmwa in ﬁmm t ant
rotaviruses which conprise at |east one antigen or at
| east one segnment of P43, for exanple reassortants
Niatprits eerived from the depasites P43 whigh grepsovetadayi the inventioptinaiyde

pﬁ&@ln‘Hndgﬁﬁéu&ﬁat@Paﬁ Of phitEuISSARARt SRIERRbRaM3StaRRRBs which
| ace enone segnment or part thereof of P43

CSB‘@EW ?'d%’qt gne a“tfgc?f‘é’&?? lgastopg segrent ol PAs foRm@mplerfgassortants

vﬁﬁtﬂfwmpr@é ammbhtedtraﬁﬁgmaahrmmwn%h e o}\l%?ﬂ?ﬂ chedf 311
ave usert u

nment or
RF O Seent® s b BERRSH b 40 SEOURS Sedfarnt Bt pert tgiRo! pLRAS.
; Sveemedllyr@ ratdneros eFassovent inkirisinthé kegrhert or Bartlbﬂ se@m@nt coding for

NS Parseamint ) Rl Shabeoh oy hep JRe U abeHies. (Rgassortant

ratabirusé8 and 828igq uéda‘bepreadamgdherp ard welutrwwm (Rbvsere Rt Haaed

BSEESEN P Tdata gt hd ST RO E 3l o fChIE RIS

derftVat rves
. Bielrogs, Hey, 8K)2)a15ﬁe11|7&‘ ﬂ&%)or VVI t h the P43 virus,
particularly antigens of .the virus, which are capable

of eliciting an imune response that is reactive
Mreriats ef rRaticlAr interestisenpriogpraceldtd 3iant dnaunelegicaliviantive denivatives

o@ﬁa@t lnﬁ}guﬁ(h?g\/ MYy Qé‘tlv(e ltﬂ%rl\;é?lv@g‘m@% AReHAL Bbaflel floh & with the

for exa ero_cel % be necessary to treat
R4 virys, rggglcg@rlégnq%ng g{ t’hg ,vtgu%]w grﬁfr%gq@q{ei qj|ellcmng an immune

ré$poh3¢1ihaeR re £t CH agein R ROtAME R infeedfed HE6 BlHdst dirhallBY
be present and which would otherw se cause

cont amni n_atl on. n t he case of ether-sensitive
I irapiting theodtavitiid toS@Sappidpriatersey limks; fat@RE8mPI¥ Vero cells, it may be

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

obtaining an attenuated live rotavirus or vaccine formulated therewith.



et her treatnent as descri bed herei nbel ow. The present

invention also relates to inclusion of such ether
woe@ab®at as an optional step in the overall PCDERDO4/@9725

for obtaining an attenuated2live rotavirus or vaccine
VUgrsful at ed t herew t h. VU60489 Vacci ne conprising single

or substantially single rotavirus variants are

preferred, however, use of single variants or
VaganetGomITIaing singlernyisubstantialineiaglp sotavirus yatams prel preferied.

h&Weves ugs ot §ikdlé V@nern@st &‘@ubﬂﬁntﬁﬂl?} 8inGleQharibAts isHoR 88dthtial, The
i nventi on nma be conbi ned other rotavirus strai

Ccrog® WPE?\‘/‘F‘(%O He's StERinPT the BiesentiBeNBen BAKEE C%FF‘B‘P%%M“&)che'
rolitus) §ﬁ'amis)ﬁ)€p(d)\fd65add"tfoﬁﬁlt¢r6t@ctﬂm o icFR8 peotedtidA laghiAstGotavirus
.g#f %ﬁln the scope of the invention are adm xtures
NGt %ot her rotavirus variants, for exanple

ot her cloned variants, or wt h ot her viruses in

r atte ated uch ures. are

bl 4oR vl Y66 kBB N emlod B S giE TR B8
rotkygos vivedtshfor ekarbple other Floredovagimetst o withestherosirusedssio particular
otR%roéﬂeQGa?tgé‘vilrﬁs\ég. %LE#BH@ ga.fe%@m& indie V%i%ﬁ]'eg%f ﬁmﬁﬁ’rﬂ}%hﬁon

of providing Cross , eferabl’y whic
Wbiéhrpfei@égril}?dsi@[ﬁimmw ally single variant popul ation,

adm xed with a suitabl e adjuvant or a pharmaceuti cal

carrier. Preferably, the rotavirus vacci ne accordi ng
Thepreprnt inygelian 245e previdesd v\ atiearrted mtayiivs yacanaearaele of

pro%iaingichiss %r@e&bﬁ,@dr@fe%ﬂyﬂ)/h|6HJ§or§;§rrs€b B-suBSientRNESIBHE variant
n nt|0n |Su§art|cu arlﬁla Vanta%eous I N prOVIdIng a

PRRANOD. U Ec KN 2 8uitahiE aclvaptar R AAETAGRYECE: BB at e

rotavirus is a human rotavi rus and does not cause

i nptussusception. Suitabl harmaceut.i cal carri or
PG 15 CRAE vasiiia a0 TBaG IS enliosfre BadypBnt gl s
vdchide iconteintngasingie ratalgrut btrsie. known in the art as being

suitable for oral adm nistration, especially to

infants. Such carriers include and are not limted to
Theapresdn} thvattas, is patiguantydtybstagenvsim paeiditg, a lade uotavirusivaccine in

wﬁ‘i}fmh%)iu'vggtte %erﬁfak}f?&ﬂl‘grh% g%taamfa%yo%eeh {&usd 2l ¢,

trtani um o ron r oXI magnesi um st ear at e,
intigsuseRtiont hyI cel l ul ose, hydroxypropyl net hyl cel | ul ose,

m crocrystalline cellulose, gelatin, vegetal peptone,

xant hane, caraghenane, arabic gum b- cycl odextrin. The
SyitaplerphaBRaGeutics ﬁ?@@rsd@rs“s& withdee gitenugtedgplapieysi s¥ginsaccording to

the VAN S BCIVRCHbEEKNIWRAIin ﬂ?&f’d’méﬁbé%@ suitable for oral administration,
especially to infants. Such carriers include and are not limited to carbohydrates,
polyalcohols, amino acids, aluminium hydroxide, magnesium hydroxide, hydroxyapatite,
talc, titanium oxide, iron hydroxide, magnesium stearate, carboxymethylcellulose,
hydroxypropylmethylcellulose, microcrystalline 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 drying the virus in the presence of suitable stabilisers or admixing the virus
according to the invention with a suitable adjuvant or pharmaceutical carrier.



freeze drying the virus in the presence of suitable
stabilisers or adm xing the virus according to the

WO poosrioan wWith a suitabl e adjuvant or phar macect/ERBN04/009725
carrier.VU60489 t nmay al so1be advant ageous to

V@l ate the virus of the invention in |ipid-based
vehi cl es such as virosones or Ilposones inoil in
water ermulsions or with carrier particle

1t oY @ISR APUPRIAGROUS 0 TRBHIBIRCRE MR R das TYRNTAR Insiricyeasedls

vélﬁbll%esu’éﬁ Q¥Wirdddnicld @r Asdsohfes, iRlbftin WaRECérnaSionBYr \hﬁh carrler
Iuddlnthefor | ati on osti mu

p% teatively poin adgl Pwmwm'we@r%rw enioae ”‘B"H)('i”ﬁhe art
fot 6rB) vaoﬁlntei;‘l fhaly @& oRidet rethb dbraiution. Sect imneunseliredidhte indude

o s R B0 B B3 A R

mbliek@é yorttize B@haie ohlyt(GTBhanid thabbatiabile@ntaréthein of BecatidtT)ve

M E{giegg_ﬁ'fg %i?%fu@g%\eé rg\{gs%qi{(g6 @c?Zo r]v¥¥t ?03 h\%\ﬁ ggﬁ/e %Hjn tlr{gn the native
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such as Q821 and nonophosphoryl lipid A in particular
3-de- O-acyl at ed nonophosphoryl lipid A (3D MPL).
Further fmnagnastipylantsavhich manadvapiageeysysbeingudrdsareispeenin n
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be errp oye separate y or _1In comnbi nat1 on
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Newnman, Pl enum:-Press, New York, 1995. The invention
A BRI o PB4 i B B LTER oK B i

me stegnelihe Snbtmitfaethdwamﬁnmabeecmed ay E’pwell and Newrnan,
p|g9l5m@§égsl ggw%gpqgggm to the.invention. Preferably the

I'I've attenuated’'vaccine is adm nistered by oral
adm nistration. n a preferred aspect the attenuated

THOhAHLBN 1s8 I Rides ATRARSH 18 vARirablifg hiMENEiREtd, Bspecially infants,
formulated wiwth an antacid to mnlmselnactlvatlon of

by admigigteding to Ww tn need thprecfiapfierive amauatpie vaseiRgi d

cd’hﬂf&élﬁﬁﬁ BtsordiRg toHE invBRida FréferiblydRé ke JtRhuMEaTRche is
(ﬁ@um ni um hydr oxi.de Al (OH) and nagnesi um hydr oxi de

pigjgyed b "'ﬁtﬁtﬂ‘?“aval | abl e

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

and are given in suspension.



antaci ds which are suitable for use in the invention

i nclude Mylanta (trade mark) which contains al um ni um
whyasoxiode and magnesi um hydroxi de. These ar e pPoEaP20Y/E09725

in water and are given in d#ispensi on. VU60489 Al um ni um
VRYHBDxi de is a particularly preferred conponent of a

vacci ne conposition according to the invention as it

can provide not only an antacid effect but also an
A!am"uvramyawsﬁ i3 pardiculary rysferad carppenenbef 44ascing composition
aédthrdiRg h3hé TveMPN\ERGCdaRDréVidd MR ohl) G HntRIY HeBt it ARBIH

nt aci ds uch as organic acid carboxylate salts. A
%F@%’T‘tp&f &t acid in the vaccine conposition of the
i nvention contains an organlc acid carboxyl ate salt,

b a salt of
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oFtR?C urﬁrtl?og‘ag nct)'ar]w'a eﬁ?%g %fld c‘%hbé)xgg ecslgld rg gr na%aﬁtgfcunc acid
sudhl a5 fodiuasGvate af potasdidm citrater ot avi rus and t he rotavirus
activity is maintained during the association with the

cal cium carbonate. To prevent sedi nentation of cal cium
Adgrtisoledy erefriradraptacisethal may bryusaddp theNaseine sompesition dhihe

prs8AtEMRRtidN IQrﬂ?eslﬁéﬁluBIé‘mb nfcosram%a"l’&drﬁearbgﬁé\tél(@é@m) The
vi scous agents that may be used | nclude pseudoplastic

cRgEMsagiangte inable i erseriate with e rajayins and ﬂlfefPFeW@dP adivily is

miaftalhdDPduring Whe EssbEiSIReT witH the eslciubh RibsrhgNdi ng conpar ed
to its viscosity under agitation. Excipients of this

type are natural polyners such as arabic gum
Tadf@gﬂﬂ”ﬁeem@Hﬂfétnoﬁ@ﬁd&a]@@ﬂrcarb@hgiemah@@themﬂiﬁb IstéPSvisdous agents are

t het f I
prceg W(%n 'ﬁt)) @‘gﬁ rﬂ?/g%%%(Tslrog)e(gng( (ra)) net hyl cel | ul ose
(Met hocel s A(r), Viscotrans I\/C(r) Tyl ose MH(r) and

- B RO S 936 LSLUGELAL bl

F OXYProp 1°6sé Rocel
psmsioplastmmmnw}d@(eﬁme)d aga g@nMavtnlgdwepwem}obastandmg

%ﬁ;{%r% ?tmss\ns%'bg %gr %@ﬁ&h eiE)ﬁc érﬁ’s Bﬂhé%}geoa% RatdeHt BB!?mers
ernative viscous agents may be ‘Used are
syheasciphia gumcadsaasnts a4t 20AN-BeAT aintlesviastinesap semi-gynthetic

pdIRAER B EHRIES carBBxﬁue‘iMﬁJe‘llGlb%‘(Tyfb@@&é@S rn?éth;ﬁéblluﬂbé/ G\/Iethocels

rise to a structural fluid arrangenment resultin
AR Yiscatraps MG@.yTylase MH® A Mﬁ@idﬂwdmypmemﬂy'%aﬁﬁem'@)owd
hydrexyprdpgimethylcitias(MEiRdtelst B® 8hd REEVEYort@AS MPAHT @) In general
%I ven to the systemto all|ow fl ow n% and transfer,
those pseudoplastic excipients are used together with thixotropic agents. Alternative
viscous agents that may be used are pseudoplastic excipients with low flowing capacity.
Those polymers, at a sufficient concentration, give rise to a structural fluid arrangement
resulting in a high viscosity solution having low flowing capacity on standing. A certain
quantity of energy needs to be given to the system to allow flowing and transfer.
External energies (agitation) are needed to destroy temporarily the structural fluid
arrangement in order to obtain a fluid solution.

Examples of such polymers are Carbopols® and xanthane gum.



External energies (agitation) are needed to destroy
tenporarily the structural fluid arrangenent in order
wo oooshor@Bn a fluid sol ution. Exanpl es of such pol/gpmng009725
are Carbopol s(r) and xant hame gum VU60489 Thi xot ropic
vVexdspent s becone a gel structure on standi ng whil st
under agitation they forma fluid solution. Exanples
of thixotropic excipients are: Vee _ o
Thixotrapicgeiprisdecens p gl %chtué%@fé§taa% B9 wbhilst @ndev@gitation they

fokrARAHid SHAXOR] E&Qﬁﬁl)é§ Bﬂh'xbﬁ@pl@&tdﬂf’érﬁ§ Sre2Qdeglm ®(Magne3|um-
Car boxynet hyI cel | vacci ne conposi tion of

alypniysp é@%‘ﬂ? %Wﬁ’v“é’l'ﬁei BH%P%?L&B%I rjicsstalee sellvieaeand 14 %
cageRimaryiefiupde Napm xant hane gum or starch. Thus the
vacci ne conposition of the present invention is
preferably fornmulated with a conbi nati on of cal ci um
T@avémhnahemadt:o«mﬂthmp\esgu mveRlidngrefecahocvetirise®4 vidcous agent
Sego <ffso r used g the i nvention suitably include
?fg% 'Pé(? Q%ﬁ%{”& 83e and/ or | actose. The vacci ne
conposi tion accordi ng to the invention nmay contain

@Fsahé bg&ﬂ'le & Qlﬂgrpgf?thé pfel gﬂ'.ﬁ\%nﬂé’ﬁ |s%)§§g;%bf§/ for, Pulat%d with a

vour ul ar an oral vaccrne
Cmnﬁloh@ﬁt:%iclum @Wﬁ@.anmmﬁ@ﬁwgumr esent ati ons of the
vacci ne conposition according to the invention are
envi saged. n one preferred enbodi ment, the vaccine is
Ofwerremeanentscf asopppsitien eseddn fgliruenton SLP’iaé'b/é'?Célﬂe;ﬁUQWé for

exdnipié Sudr@deBhar iRfbses reconstituted prior to
admnistration fromat |east the follow ng two

conmponents: i) virus conponent ii) liquid conponent. n
ThdWaechalomboEidn adcbﬁzimgi tb tse- iBIIBOM Aal candintduditibhdl ébfponents

B Ky 0 JaT ERet {poBleCep by 40 0P i) Ad Padipfosic

agengl e vessel, or separate vessels V\,hl ch can be
connected in such=a way that the final vaccine
conposition is reconstituted without exposing it to '

DiffeeenipreserRations of thervacomes tanbpdsition actdnding ta the invegtidneare n

el%is%lbgd_form or aliquid form Preferably the

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

i) virus component

i) liquid component.

In this embodiment, the virus component and the liquid component are normally present
in separate containers, which may conveniently be separate compartments of a single
vessel, or separate vessels which can be connected in such a way that the final vaccine
composition is reconstituted without exposing it to the air.

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

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



virus conponent is |yophilised. Lyophilised virus is

nore stable than virus in an aqueousVU60489 sol uti on.
wab@sloyophi | i sed virus may be suitably reconstPCTYERTN0N4/009725

using a liquid antacid conpéesition to produce a liquid
vugedsei ne formulation. Alternatively the Iyophilised

virus may be reconstituted with water or aqueous

solution, in which case the |yophilised virus

soltior cEhet vephilisee viersamay be- it hly fiecoantitited asing adigHigamtasid

coﬁbsé.ﬁdnablpvodueag iM&8 GhEnd BFrRMAtRINI aneﬁ@nmy e Fyophifisddharus
nponent. formul ated wi th cal ci um_carbonate and

m%&ﬁrﬁ%t'b‘m With wter & GapeRusHRohitionin Whick cpsethg Iyaphiisgdsvirus

coﬁ*n@@@t"tﬁipbréfé?dbg Mintdha/iH SHtadid cafpers sol ution present
in the second conpartnent or vessel. n another

preferred enbodi nent, the vaccine conposition is a
Prefotably, fhervatdiag ioaﬁulamrﬁdoﬁrmbéya alrdsycm’fliohéﬁt&dn&aé(@d with ch

i S suitab i at.e dissolu d.in
calp R bR i ianir e auy S ot EePbafetl ot VEBr R RS
redo@stiuted mitb avattar of bquedons solofiort @bsart i tha secqridacompegmentoal
ve?ée ster pack. n another aspect the invention provides

a rotaV| rus vaccine in the formof a quick dissolving

tablet for oral adm nistration. n another aspect the

In LA QB & QYibslfiRedt, HRVBEGHS éd?ﬁbdé%ﬁ‘ié 5619 f@r Jiat®n,

attenuated rotavirus straln, ticu uman

preferablyierlyephiisedirake wiridia ﬁhltatb!ﬁefoemm%%ate disgolukongahen placed in

the MQIHIH' Lisflise@fdrluafarth®) &nvemBREiRtRoRdeSA e foRR of tablets
when placed in the nouth.” Preferably the quick

'”%IPE%’B]a&?ﬁﬁa'tbé'quéPa%ccor ding to the invention dissolves
‘in the m)uth of the subJ ect sufficiently quickly to
vent s t he undi ssolved tablet. This.
in B dence Dy BHarhcn Peaviogs adeiariagebace have paaal dabick
dusBOltn&gitd‘dléth&ﬂ@llaﬂ&ﬂwust&leuﬁ erably the virus is a live
attenuated human rotavirus which is fornulated with an

i norgani c antacid such as cal ci um carbonate and a
In anctierss ped ¢het ingantibn povidas bitameogjiion cofnprising ladive agacted -

il 58 SIS NSOkl U MR
lyopbitised golid capabi of immediate dissobution whee diaggd in thexmoutm

car bonat e and xant hane gum VU60489 Vacci nes of the

i nvention may be fornul ated and adm ni stered by known
Prefecehlyitegiawick 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.

Preferably the virus is a live attenuated human rotavirus which is formulated with an
inorganic antacid such as calcium carbonate and a viscous agent such as xanthane

gum.

A further aspect of the present invention is to provide a lyophilised formulation wherein
the virus component is any rotavirus strain which is formulated with calcium carbonate

and xanthane gum.



using a suitable anmpbunt of live virus to provide

ef fective protection against rotavirus infection
wowdosoto3si gni fi cant adverse side effects in tpEI/ERL004/009725
vacci nees. A suitable amount of live virus wll

YiEORRl |y be between 4 and 7 focus fornming units (ffu)

per dose. A typical dose of vaccine nmay conprise 5 -

10 ffu per dose and be given in several doses over
Vegsiees guthginventian mabe é&"ﬁh‘ﬁ%@ and agpinitersd &y fnowntaghrinues,
@.ﬁg\wsmammdmh%maé vasetaq:fM@ é@htld@%@ﬂé@ﬁon%aﬁﬁf RdtVRGs

PiegH %%R%HQ%?Q'?'%nh?qvgrﬁeﬁ'cgee%f@r:ﬁ;&n ReREDiRp e A shigble amount
of live vival wﬂDﬁtbrW%ﬂYl bel bsmeﬁay &rel ’ﬂﬁlfcﬁ:u@ for@rgpuriit m)tpwdose A
nont hs ve Virus

G P, S0eqn® il chiRtise T aosfk aendbge A g oiven in severai
dnses oedr atpenipd gf tiroe, fortexachpieds twadaseb givas eéthtagtivoebritty interval.
SRIGIG, FMILA ARURLY bR AR RELTA P2 0Blss 1o} bR o 3.0r 4
ddse regnmermtnadmuhdyIrrac_l@elowgppursmes;tmrmtemat mebw@en dcvses may be
Mblels? %sftt%[n tR6 Aldnts I6A’r|§b[ %@b&ﬁal ?FnBGﬁt o‘f“n\?ee\%%? r 4 Shgle dose or
exanp i OVi rus. ernative ot her suit %I 9

foi @ U&"t*{?&d&sﬁ egime, apd @pt"aa'rﬁmnsktor He; @ﬁemn be ag@er@rneid 2%
RarRRPEE4IEs MOSIGING BbséMatioR @f 8RBBAPHFASAHAbHAST régb%nses in subjects.
rotavirus vacci ne conposition according to

invention. Sera fromtwelve 4 to 6 nonth oId |nfants
THRORIcEAd eﬂhwﬁvbnttdhﬂn%s@&rﬁﬁris@otﬁé‘i sIEdI live&ftusds fbﬂ'kﬁ‘otection
q\é%%)% &E%r d1 gﬁg%ﬁﬁ eggm\sll%%%ﬂgveu%t e %[Hgt@/eﬁuc}trr]ear sluﬁéat}le |ane virus
vaecihesior arat aMnktrét&fnsma:;f beigll/ert inea ste@Sifaf:ded@rtﬁ:t bs the same
sim.lar fo tica anaIyS|s

Gy e e orhTis vaRend Petrsslion 2SS pALe B By

neutralization titers:against all three viruses. This

§el119 9{8§1t eliélg' @tto br?qnﬁ"nomj i £ bé)c{&ﬁwlate%%th the P33 n}ateﬁgéas i}%ﬁgnbed

n-cont o neutra I on epl topes
natm \Fatgmar(te%m uwdrwevaatelstedé@'o@mraledtlduyoftﬁﬁé 858.iR433®d 89-
@@rga of P33 vaccinated infants. This observation
indirectly suggests that the neutralization epitopes
revealed in this in vitro assay were not altered

TRt %@’bfﬁ’r%ﬁtralP%rﬂn&s D th@'?&té@é&& isdimiWorrd3l P hAdIP43,

titers of P89-12C2 however significantly differs from
Tﬁ@?"at%@' QMYWQ‘OWPNOSS'%%P qrefpeedyy wéyﬁéa"t”ﬁbﬁ’a'tzﬂ@" titers

mnfsﬂélﬁﬂie'e%aéesamﬁis @Q@bé%@lﬁétftﬁ@&(br%}&ian&%ﬂbh@hbﬂ-@édf&’hatlonal
r}egb' Io (?;rb%gltsgesqs WJP%S?SQ gndp 6553 grreeeqrdgﬁy wgl reco%lzed bly the anti-P33

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

neutralization epitopes revealed in this in vitro assay were not altered between P33, P38
and P43.

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



P33 sera of P33 vaccinated infants. This observation
indirectly suggests that theVU60489 neutralization
wepiosop®s3 revealed in this in vitro assay wer epel/ER1084€009725
bet ween 89-12 C2 and P33, B88 and P43. Highly
VigoéPer red enbodi nents of the present invention
include: . The use of an attenuated rotavirus strain
froma Gl serotype in the manufacture of a vaccine
nesAlzEEPR eRitePeD FEvealed inmtigdt ViR agsavarere altelse betwegp 8942 C2
ardg®3NPBs and P@vi rus which is not GL or . 2. The use
according to 1 wherein an i nmune response is
additionally i nduced against rotavirus infection by a
HigRly pRsTErtademisatithérts 6¥lths predbititvenBion ihbladetse accor di ng
to 1 or 2 wherein the i mune response is induced
agai nst two or nore rotavirus serotypes, these
1. SEh@U;q)ef%rfmtenbabm g)tmf ru§@trai4froFFheGﬂl Seroﬁfpedrh thiemaghufatture of a

e ot her
o Besfs et BE el S e dbnihet PGP St
hw@ﬁrﬂﬂﬁ1d§GQCV &8, G Gl1 G2, G113 and Gﬂ4 5. The
use according to any of 1 to 4 wherein an immune
response i s induced against all of the follow ng
2.ndhe Gle awonstingles!: wigrein @3 immyne ragpasse is additienalls mduced against
AFARAL HlediBn 8)% & schofy e s/ ST ShiBiyb@e T ot avi T us

vacci ne conposition conprises a single rotavirus
variant or substantially a single rotavirus variant,

3.57hé u¥@adBdRtingef1 é}@obvrmfe.atnwmnﬂ%lréi@oasa I$GRtiReE agaﬁlst o or
at | east one of the major vi raltntgerot |ns desi gnated as

vm@reaw&wwser?tvp%éh%fgée@&vee? APHRFIRGCE Ofier ei n t he

conposi tion corrprl ses a rot-avi rus having a VP4 gene

i Si th ot.id t
4.ofhe 1 s e g ol ad i He ko ey bt 5 7 s,
anera@peimlézm:lefrc(rﬂ)heaist oSistingoof: 89,263,@14 BT, BENGReGHGH,
Qsépl fromthe start codon. VU60489 8.

T e aégPaccor |ng to 7 wherein the VP4 gene conprises
a nucl eoti de sequence conpr:i si ng an adeni.ne base (A)

5_aﬁ—h@g§é Lécgg)inq? n‘?%ﬂ1 ﬁ)O%wﬂ maa Mq?@%%%ﬁge &TAdu%Ld against
position e star on. . € use
agltofrthe f@owmg@om%rmrwynq@eGeoﬁﬁ@ and@9conpri ses a
rotavirus having a VP7 N
6. The use according to any of 1 to 5, wherein the G1 rotavirus vaccine composition
comprises a single rotavirus variant or substantially a single rotavirus variant, said
variant defined by a nucleotide sequence encoding at least one of the major viral
proteins designated as VP4 and VP7.

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



gene conprising, in the nucl eotide sequence, at |east
one of the followng: a thymne (T) at position 605,
wa@pooadensne (A) at position 897 and a guani ne PQ/EPR1004/009725
position 897 fromthe startt9codon. 10. The use
VHEM ding to 7 wherein the VP7 gene conprises a
nucl eotide sequence conprising a thymne (T) at
p05|t| on 605 and_an adenine (A) or a guanine (G at
8pdoptuse ACEding tohvhereintha VP4 @888 ROMPIiSPR@ NYSIEOHIIAMPIS

t QompKsiRY arla&é’mne M\é‘s@ /) & d@moﬁ@mdts@rhna%ymme%age (T) at
rotavirus havin VP4 gene conprising, in the

niPOpitien PELN r%"@(ﬂhlfeﬂﬁ’éco%ﬂﬁ‘ adeni ne (A) at positions 788
and 802 and a thymine (T) at position 501 fromthe
start codon; the VP7 gene .co
9 e 5t PEGT 08 e IR e EOTRSAIREST PSSR (ARTES Brviess VP
an@nagorapdsiig) & t(\Ahuaéotm@SSIetw@fo‘,eBéiTea‘st oma dfttiee fllawihg: a thymine

R R gelir 095 A e REE 0L Pyl B Pl b G e bcRiion o7
gdionT the starterodon.s and/ or d| arrhea caused by infection

by a rotavirus of a different type to the GL serotype

of the attenuated rotavirus present in the
1@ dirpaise erennding B 7 Whereindbe ¥PE gedé pgmprisepiacgientidehzequence
CQBRBASIAY Q'ﬂwynﬁnéi &%Ppc?s?{%h%@taﬁﬁfah\é@emﬂe A)RPBYudhihe (G)O:It
vaccl nated i'ndi vi agai nst severe gastro-enterit

c Kgsiden 897 from dra stahcefons ot avi ruses of at |east two
serotypes, these serotypes being different to the G1

ser ot yge of the at:?znuat ed rot aV| rus present in .
1t dhp &St ereprding ip anyipl 11 40.4MessiR thegrompoRkien 8‘?’Hprﬁ‘1"éar°tav"us
S@u@hg agﬁaugfemee:ah@nmhg ?n the rmave&glie Ryueidessit b@éhsnﬁéf (1@% at
rotayir of at st four non S types. The
 BeSots i g Yos 54 e £ o Rl B e phttoatBG; anc
Gyheféin th@NFthbn@Q:oBﬁnsésy [rethe WlEatiae sé@uenTEb@ thgmine (T) at
accor.di of o wher e FoLa s strain

" PR A YoBlsdabB PR EhR B B CRB b

derivable from ECACC deposit .99081301. The use ‘

r f i

19%8 gégg%Jé&PQWa of#t&‘? Wﬂ %m tﬁafcgrﬁgé{ﬁtfo% .Q?ada%le“éfep%tectmg
eﬁgwps@stro-leu@nhm@/ww@rrhee@ﬁumirby IRy S rotavnrus of a

different type to the G1 serotype of the attenuated rotavirus present in the

composition.

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

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

a rotavirus of at least four non-G1 serotypes.

15. The use according to 14 wherein the non-G1 serotypes are G2, G3, G4 and G9

serotypes.



Exanpl e 1: Denonstration that strain 89-12 at passage
26 (P26) is a mxture of variants Sequenci ng of VP4
wapahsPin3genes fromdi fferent passage | ots SeqPenEPIVg4/009725

of VP4 and VP7 genes from passage P26 (primary AGWK
V&6P488) , passage P33 (established (as opposed to

primary) AGWK cell line), passage P41 and passage P43

was perfornmed. Total RNA extraction was reverse
transcri bed and anplified through PCR in one tube/one

15! Bib usi%{%ﬁ@rﬁﬁmgﬁ@bﬁy 601 & B herélh %&Qﬁvﬁuﬁﬁ?m fg';.@ﬁ\ddf‘&eposnt

en an ot a_2bi s
anestdef adt b RobEtable domvaste bom B Al et 881 Dtas

been sequenced using different priners (see Table ).

4o R Ry 9500 800 L oI FBE 6ane el s 2aBss pame.

fromthe st art codon) in VP4 and by three bases in VP7

T%%%?lbwﬁ% 5@-!“%@?% eQBmEIEQWugtp:?q %jﬁ&eng&?o”) The

passage nce VP7 show at
nutated positions the presence of the passage P33
sequence as a background. Thus it can be seen that

assage P26 is a mixture of at |east 2 variants. The
4&&Mﬁék§F€3 sequence scans seem honogenous in VP4 and
het er ogeneous for VP7 (see Table 2).VU60489 Passage
P38 sderlved from passage 33) was passaged 5 tinmes on
Byarple b Pemaongiration hat stepin f3- 1§éﬁea%%‘lge (B20) ig adniypsire of
vaAanences as passage P33 (AGWK cell line). Thus there
was no maj or change in popul ati ons between P33 and

P38. TABLE : A i gonucl eotides used for RT-PCR and
Seqqancing 06 VR aRd VET genes fioas diffepentYWassdgnd latsGGC TTT AAA

GA GAG
SLERE G4 BRI VT GeTAS ol passact E26 PTG AGMS Sp BT gassace
PGB (ATl s N a€appasEa td prmAGETABKER ¢kl lide)OBassBod B4 atd\Passage

P%?a%ﬂ@@%dl@%ﬁ%%}ﬁa&o%%as%éver@ {rgws-lé%-ed % TnT lifi gc]_ c

through PCR in one tube/one step.

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

different primers (see Table 1).

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

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

passage P26 is a mixture of at least 2 variants.

The passage P33 sequence scans seem homogenous in VP4 and heterogeneous for
VP7 (see Table 2).



Rota 46 GGI TGC TGA GAA TGA GAA ATT AGC TAT 651-682

AGI G Rota 18 CCA CTA TAG CTA ATT TCT CAT TCT CAG
woeasH2M3LTAA C VP4 Rota 5 TGG CTT CGC CAT TTT ROTHERACH/H09725

2-23 Rota 6 ATT TCG GAC CAT1TTA TAA CC 878-859 Rota

VEI69489 TGG CTT CAC TCA TTT ATA GAC A 2-23 Rota 6bis ATT

TCA GAC CAT TTA TAA CCT AG 878-856 Rota 25 GGA GIA GIA

TAT GAA AGT ACA AAT AAT 268-296 AG Rota 26 CTA TTA TTT

GTA CTT TCA TAT ACT ACT CC 296-268 Rota 27bis TCG ATA

PadbagbAB |v6@‘ﬁroﬁ§€¢ % $3) (vbb 1 Eés'ia Bained drketo EéusTaTﬁ
ATT G TCC T 3-727 Rota 32

dﬁﬂ?yeﬁrgeéa@&ﬁﬁﬁ*’ NS Y '?? i%ﬂ&'gna??ﬁ? REPeAT %A?N@f:@" line).
TAAd thefeTwasTho fajbr Eahge il PapliatidAS bétaiean B33 dkd PA&C TCC

GGC AAA ATG CAA CG 1205- 1227 Rota 54 CGI TGC ATT TTG
COG GAG TTA CA 1227-1205 Rota 55 GTA AGA CAA GAT TTA
TBRCE ACOIigiAuLk66debABZd RyIRT-ACR BGGs@Henticy AAA TCT TGT
CTT AC 1487-1465 Rota 39 CTT GAT GCT GAT GAA GCA GCA

TCT 3 o342/ Rot-a—33—CAGATGCFGCH—CATCAGCAT
’ 27 1 ?ggu ?a 3 f"f"l\ Tf"l\ TI\T f"f"l\ I\TI\ TT pﬁu
V@&T @Jtzdos 635C RdT APAEE GAGTAMET FPRGAFAGIF (| dRTo AR
ATQ Retaddiz- 2688T A& IO CTAC KEATARTTATIAGTATT GT-1@to 10
233BRa3 Y6 1 4BET TABLATQ GAN CADMIICI Tédt TUEAAGsed | 1014-988
hybr Rotazat i QrCcArRGEAIRIAARTOPOSTE IAOGE &P7 Rot a #266A2H7
ATT| RdtA 12AC | TRST PEA TARATCITG T 8G688CE A3 372-394
Rota 46 GGT TGC TGA GAA TGA GAA ATT AGC TAT 651-682
AGT GG
Rota 18 CCACTATAG CTAATT TCT CAT TCT CAG 682-651
CAACC
| VP4 | Rota 5 TGG CTT'CGC CAT TTT ATA GAC A | 223
Rota 6 ATT TCG GAC CATTTATAACC" : 878-859
Rota 5bis | TGG CTT-CAC TCATTT ATAGAC A 2-23
Rota 6bis | ATT TCA GAC CAT TTATAA CCT AG 878-856
Rota 25 GGA GTA GTA TAT GAA AGT ACA AAT AAT 268-296
AG .
Rota26 | CTATTATIT GTACTT TCATAT ACT ACT CC. | 296-268
Rota 27bis | TCG ATA CAG TAT AAG AGA GCA CAA G 721-745
Rota 28 ’
Rota 31 TTC ATTAACTTGTGC TCT CTT ATACTG 753-727
Rota 32 GTA TAT GTAGAC TAT TGG GAT G 1048-1070
Rota 45 CAT CCC AAT AGT CTACATATAC 1070-1048
Rota 53 TGT AAC TCC GGC AAAATG CAA CG 1205-1227
Rota 54 CGTTGCATTTTG CCG GAG TTACA 1227-1205
Rota 55 GTA AGA CAA GAT TTA GAG CGC CA 1465-1487
Rota 40 TGG CGC TCT AAATCT TGT CTT AC 1487-1465
Rota 39 CTT GAT GCT GAT GAAGCAGCATCTG 1703-1727
Rota 33 CAG ATG CTG CTT CAT CAG CAT CAAG 1727-1703
Rota 34 CGA TCATAT CGAATATTAAAG GATG 2008-2032
Rota 29bis | CAT CCT TTAATATTC GAT ATGATC G 2032-2008
AGC GTT CACACAATTTACATT GTAG 2335-2311




TAA C Rota 42 AGI ATT TTA TAC TAT GGI' AGA TTA TAT

882-913 TAA C VP4 Rota 15 ATC CCC ATT ATA CTG CAT TCC

wdad 10050260 - 783 Rota ATC CCT ATT ATA CTG CAT TTRCTER2004/009725

807-783 Rota 35 ATC CCC ATP2ATA CTG CAT TTC TTT C
vB@#89783 Rota 36 ATC CCT ATT ATA CTG CAT TCC TTT C

807-783 The bases shown in bold type in Table 2 are

the sites of specific sequence variation in VP4 and

VP7.

TABLE 3:

sequence variation of VP4 and VP7 genes

3.1 VP4 VP7 501 bp 788 bp. 802 bp 108 bp 605 bp 897 bp
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The bases shown in bold type in Table 2 are the sites of specific sequence variation in
VP4 and VP7.

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 G/A G/A AT CI/T A
(AGMK) :
P33 T A A G /A T/C A/G
(AGMK) ’ C
P38 T A A CAIG T G/A
(VERQ)
P43 T A A A T A
(VERO)

N.B. In a second clone from the 3 clones which were developed to the level of
production lot, the VP7 897 bp position nucleotide is G, rather than A as in the P43
selected clone. This results in a methionine in place of an isoleucine in the amino acid
sequence. Variants corresponding to both the selected P43 clone and the clone in
which there is a G in VP7 at 897 bp from the start codon, were excreted in the stools of
infants who had been vaccinated with the P33 material.

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



n Table 3.1, where there are two alternati ve bases at
the first of the two represents

a parti

cul ar

posi tion,
wo b@sha®es whi ch appears in a mgjor

popul ati on BOTEP1e4/009725

second i s the baseVU60489 whi ch appears in a mnor

VEEH8A at

i on.

Maj or and m nor variant popul ations are

judged by the strength of the signal in sequencing.

3.2 VP4 VP7 501 bp 788 bp 802 bp 108 bp 605 bp 897 bp

whis! 2peeas% 3 SinpE BORYARDR- Alpior God a&nozggn%ré PPRdatiqag are judged by

@l iNsBqUdHcinit
el Met

tHel strekdtH
Arg/ Arg

Met/ He (VERO) P43 Phe GQu Arg Arg Met

t
3:

il

t e (AGWK) P33 Phe Gu Arg
AGI\/K) P38 Phe G u Arg Arg/ Arg

the am-no—aci
aG1G

lie (

VERO)

hgngac rrestlti ng from

H % ces-bet—vrg)z neen—t-h(.L1 85 A/-arr—l-glb TABLE
4 VP4 P32 138IPt i PV7 87 |p&SPPon BIELE
RCRE P Al A i I R
4P2Rot a 42—epas<a§%§§GF“26 G'#ACQ 1 ndad p33hrMset | _ le 4
(lAQMl) L +4 P43 |- -1+ - Slotl blot
GMK)

P38 Phe Glu Arg Arg/Arg Met Met/lle
(VERO)

P43 Phe Glu Arg Arg Met lle
(VERO)

Table 3.2 shows the amino acid changes resulting from the nucleotide differences

between the variants.

TABLE 4
VP4 ( 788 -802 positiion.s ) . VP7 ( 897 paosition )
G-G AA  |AG G-A A . G
. Probes [ Rota 15 | Rota 16 Rota 35 | Rota 36 . | Rota 41 Rota 42
Passages
P26 - + + + nd nd
P33 - + - - + + +
P38 - + - - |+ ++
P43 - + - - + -

Slot blot hybridization
The change in populations between passages P26 to P33 on AGMK cells has been

further confirmed by slot blot hybridization. The VP4 and the VP7 gene fragments

generated by RT/PCR were hybridized with oligonucleotide probes specific for each

variant (see Table 3.1 and 3.2). In contrast to P26 which hybridized with Rota 16, Rota

35 and Rota 36 and not with Rota 15, the VP4 PCR fragment of the P33 material, at

positions 788 and 802 hybridized only with Rota 16 and not with either Rota 15 or Rota
35 or Rota 36. These results established the presence of at least 3 variants in P26 (see

Table 4).




The change i n popul ati ons bet ween passages P26 to P33
on AGWK cells has been further confirnmed by slot blot
whydpsiogiozat i on. The VP4 and the VP7 gene fragneait/EP2004/009725
generated by RT/PCR were hybridi zed with
VgbG4gbnucl eot i de probes specific for each variant (see
Table 3.1 and 3.2). n contrast to P26 which hybridi zed
with Rota 16, Rota 35 and Rota 36 and not with Rota
Farhe Ve AT rarent o4 HReTas roAtoifierapiion AT Bytriized aith Rota 41 and
RB@Z ITRSe FdBit88lariidRed B préber 8o IasVinblVaaita inthe P33
not wth either Rota or Rota 35 or Rota 36. These
8l-ts established the presence of at |east 3
variants in P26 (see Tabl e 4) VU60489 For the VP7 PCR

the P3 Si 897 hybri di zed
R oo aad ket e 2atnn s BB dehes A/ shed
t he presence of at Ieast t wo varlants in the P33
nd ch riz on_,of

TfQﬁsto%gg Fonr)] rFPFnFsl assoa] %cf’n?og%tgl on n[[% Rgp t%th?‘iéee e‘r’lntdI -point

L B R A Psrf%rﬂ{ e En R RUq s o yged to
”ﬁ evESs i ng virus was used to infect Vero cells.
ositive wells were selected using two criteria:
grow h denonstrated by the | argest nunber of foci
detected in the wells and the nost isolated positive
wells on the plates, as is done classically. After 3
Pe§itvelididiwedd sglatsd@ gsifg twd Gterid hlowtf @éridristrafed DyieBirgest
positive wells were anplified successively on Vero
nGrabérsof fotfldewctbd itthel welly aridtde nogt iebldted Pasiavk wallsyinathé plates, as
three clones were devel oped to passage | evel of
ispond glzatsicdlly] after 3 emaudiution pagsatein dBywaliahiyolienplates, 10 positive
anti bodi es was .shown to be simlar both between the
wely were @nplifisd surdedsaelyamrvVdrb eells| apdeyaianiedd R33heir yield.
Honogeneity of the clones was - assessed by sl ot bl ot
hybri di zati on. The final selection of a single clone
was based on yield and sequence. The selected clone
was anplified by successive passages on Vero cells to
Bgeaskgnaield ghigg Hlases weedevglopgd kg W@SQQ%QV%QBDWW@PP Jot.
production | ots.VU60489 The sel ected cl one wa
'@@H’&W‘&SPF'?“ ey aplyeieral pothedies wisShewR it b%%l%‘&%i’gt@ﬂl lgfween the

sequen(:| of VP4 and VP7 (identit
tl‘g%ee@pqqs(?ng asndbe AoRes A3 Blﬁmggerf%t% o&b& clohes was assessed

by slot blot hybridization. The final selection of a single clone was based on yield and

sequence.

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

Master seed, a Working seed and finally production lots.



and VP7 (honogeneity) of the PCR anplified materi als.

The sequence of the VP4 and VP7 genes of the P43
wondosnemB3 are given in Figures 1 and 2 respect POPER20a80)9725

are identical to P41. Honogeneity of the sel ected
Vig§oaste was assessed by a sel ective hybridization using

ol i gonucl eoti de probes discrinnating nucleotide

changes in VP4 and/or VP7 regions for each variant
Th%mqtqq denenvas eryelealy éh%ﬁaﬁfg“%ﬁ’d et ABFSPIREVRIS DY ee

setaBh&ndhof. vPdhshdW ey i c!eaﬂméaﬁ %r deflic 3RA bt ana%%nlcﬁtWM
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VPEguhdsSof @R P4 mdwrisiReé giédin Fg@es 0 GRG R MEPestively and are

atjgn. Exanple 3: Renoval of potenti al
'dg'&‘&QL |'Jt4| ous virus Ether was added to P33 (AGWK grown)

to a final concentration of 20%for 1 hr. Ether was

b I n, ' . h
romBeraty 8156 s 8irat e Mgs erdie B e Aol Mg
oligbnuacléatide paibee dlsammnamclwtidme}rqngesjimdtﬁmmlmt\?? regions for
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virus St andar d techniques are used for preparing virus
Tﬁ@@ﬁ@ fraé:rﬁ%%QbMéderﬁchd{é ﬁ@lan@ HbtwithSR&tE 3%ER0t818 or Rota 36.

di | ut ed ropriate nmedi um conposition, in this
Thea¥R7 Ea%e@@abf Wdrlhpéaaéé@n%n%&nwtaﬂa to a desi red

standard viral concentration, in this case ffu/nm. The
diluted virus is E ,further diluted with
Thepsseiults sarfirgrRd ek f‘?lssae'ﬂor(‘%&?%‘ésep%’%at'%xt ran 8%
sorbitol 6% amno-acid 4% up to the target viral
tre ase f.fu/dose. 0.5 nm aliquots of
Exyrpfr iy b PRnlinad eafivarsinl. ot el Ty
transferred to 3VU60489 m vials.. Each vial is then

E@?ee%s: .la%%d gA ownJ bg?’{rﬁl ctoRtipegr{rl?ratront t%}PZO?{aPP ‘?rr Ether

wad thee tubbried aut vathllNﬂfmn IhminaNo |mpact|qmnwtrtrmofm1@medmand
olRfeyi @l to keep the stopper in place. For use, the
Vi rus is reconstituted using one of the follow ng
antacid reconstituents: (a) Ctrate reconstituent

Example 4: Formulation of a live attenuated vaccine -

The production lots described above are formulated for oral adminstration to infants by
the following method.

1. Lyophilised virus

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is
thawed and diluted with appropriate medium composition, in this case Dulbecco’s
modified eagle Medium, up to a desired standard viral concentration, in this case 10%2
ffu/ml. The diluted virus is then further diluted with lyophilisation stabiliser (sucrose 4%,
dextran 8%, sorbitol 6%, amino-acid 4%) up to the target viral titre, in this case 10°°
ffu/dose. 0.5 ml aliquots of stabilised virus composition are aseptically transferred to 3



Sodiumcitrate is dissolved in water, sterilized by
filtration and aseptically transferred into
WO e@sstods uent containers in .5 m anmounts at BCT/EP2004/009725
concentration of 544 g Na @trate. 2H per .5m dose.
VU#és% econst i t uent contai ners may be for exanple 3 n
vials, or 4 m vials, or 2 m syringes, or soft
astic squeezabl e capsules for oral adm nistration.
R‘ﬁa'én Eggh welinthep @aft'é‘"ﬁfﬁp?ﬂdd’l’ ity hiybBerestonnsT. dogprmrRi jsdreeze

driddddesd %duhﬁ‘l ﬂ%ﬂﬁ’él‘id 08§ fully BBsdd & arCAGRMMUN Ear-ig RriMBed in
aut ocl a tﬁp ].o) éhg—% reconstituent An aseptic
p'a%?fPH“% Pﬁf’j} Jsee SUSHRENLIRFE Wyl anta - tradenar k)
Is asepti caIIy diluted in sterile water, aseptically
transferred to re uent ntainers (for exanpple 2
FohRRyPF s ErenSlRes by Rt of tﬁﬁi@mp@nﬁaﬁa&ﬁm Rpfiss
m anmounts each containing 48 ng Al (OH) . An

[azléit?lgtg?ééo%&itﬁﬁtug ng sterile conponents under sterile

' 0 g irradiate the al um ni um hydroxi de
Sadigp eitratedn d'(SpoleédainaMgr sterilized by fitretiorsaratrsepti@lin traeafetred into
re*:&%'inﬁ.@h?&ﬁtnf‘au?é}g § Hl‘%@ r‘itQ 58&!r‘r’c!éhtr£t|?>‘ﬁ of 2P fS! ONn

romsettlin san i ngredi ents incldde fo

Nasiirase- 8Hz%g¢re1sf>rumo§ﬁeahafe@on%w%szmﬂwylw e fPosxample 3 mi

V|£1¥ CHrWIWé?sPY)'r Q‘?’ﬁl gk ! & s@ﬁ Blastid SJuReLabid @édsh@@ for oral
[ ul ose, I cone polyners. Bacteriostatic

add@'@'ﬁi’%t'of‘o ﬁsé%@%!’@t'%m%%%‘@rﬁte%? W%P@b’é‘ﬁer&te”'e
codltiBhs, eAfiHREShtAIASH @hibe HuRicialedtgent s used in food, and
fIavourlngs may al so be included. 2 Lvophilised virus
with AI'(OH) n liquid fornul ation Standard techni ques
(barpe(m-aﬁfécbmntmeparl ng virus doses. Frozen purified
d an LQpriate
adalePl Al B Ee sRtnfion B amin hoBRBASR Asfb ety iuted
instegilecwaier] iasenticaily ttamsterrde &0 reeohstituentieamthingrs tbr example 2 ml
e { 1.ni,u .
- SBRE R Rt el olodzabie S fes) 4 M ambly Rt aining 48 mg
AI@Ia)aI Anyalterhatdk& toysidg sterinmbriposents Loder camifrosantitions isso y

R S e e R A PR S

the target viral titre, in this case 5 ffu/dose. 0.5
I
SR Ao ML NS CPIRASI PRI socn,
starmrd:|nsseidwgtsoﬂclwﬁafove>sar@l¢ agrRsiuNg siepiate] ceﬂppxaasethylce"ulose
gﬂogﬂ%eﬂﬂlc@ﬁm&sel mléf'ocr&éfémﬁ' ée'll§|§§’e \é'nﬁ dificoMe! ﬂblyme(rg'l)

1 Ster resentation Standard techni ques are used

Bafé?rwﬁ?a@ﬁ aamﬁ@foa PYaIeple HuyParabppRERPYRArATENCR ofher slendard Kk

bdcteriostatic agents used in food, and flavourings, may also be included.

2. Lyophilised virus with AI{OH), in liquid formulation

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is
thawed and diluted with appropriate medium composition, in this case Dulbecco’s
modified eagle Medium, up to a desired standard viral concentration, in this case 10%2
ffu/ml. Aluminium hydroxide suspension is added to reach a final quantity of 48 mg/dose
and the virus composition is diluted with lyophilisation stabiliser (sucrose 4%, dextran



thawed and diluted with appropriate nmedi um

conposition, in this case Dul becco's nodified eagle
wokasomo3zp to a desired standard viral concenP@BEPDNG/009725

in this case ffu/m. Al um 2fum hydroxi de suspension is
Vidékd to reach a final quantity of 48 ng/dose and the

virus conposition is diluted with |yophi Iisation

stabiliser which may be sucrose, dextran or am po-acid
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IS |y0ph||lsed and the blister cavities are seal ed by
t ernlc ealln En%!té stanﬁgrd ingredients are
dr oxi de suspensi on

from settling. Such standard i ngredi ents include for
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fiuntd Alupinbsehyshedde suspensiet ip @ﬁ@ed tpapach Hfirghaeantity of 48 mg/dose

arﬁqme' lins! &Pnp\é‘suh lstdllﬁtgﬁ ﬂﬁﬁ%ﬁllléﬂt%ﬁlstatbillgﬁ wiadH rﬁéy be be sucrose,
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Ptk dfalo® 3y RAAGH & Wi 660 eAidyes @ #ifsfet RS
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Optionally standard ingredients are included.to prevent the aluminium hydroxide
suspension from settling. Such standard ingredients-include for example magnesium
stearate, carboxymethylcellulose, hydroxypropylmethylceliulose, microcrystalline

cellulose, and silicone polymers. Flavourings may also be included.

Example 5: Rotavirus viral titration for various formulations

5.1:Comparison between lactose and sucrose based formulations:

Table 5
Batch n°® Fomulation Viral titer before Viral titer after
composition lyophilisation lyophilisation and 1
week at 37°C
98G06/01 Lactose:2%,; 10 5% 10 *¢7
Dextran:4%,;
Sorbitol:3%;
AminoAcids:2%
98G06/03 Sucrose:2%; 10 %28 10 492
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%




Viral titration before |lyophilisation is the viral
titre in the conpleted fornmulated |iquid (containing
W@ namsos®w3ziext ran sorbitol am noaci ds) and wi t hecit/EPive4/009725
| yophilisation step. Good résults are those in which a
VHE0489 | og decrease at the lyophilisation step and <0.5
| og decrease during the "1 week at 37C' (accel erated
stability test) are achieved. The precision of the
viral titration is around + or - 0.2 |og. The results
i ndi cate that sucrose may be used instead of |actose.
Pé:” sotayfus yas fmulated eifhee wih gueresn Juuihdagiossrasstionntin heﬂ?/b'e
ab®ld itol: Table 6 Batch n Fonul atl on Viral titer at
[ Vir titer afte Slt on ze
iralJBrefion betRie s iasn it DA St bR bt pted iauid
(@Btalondduc@setdesear?86rbifd) arkhirdadids Yand vidwstutrthe lyéphilisation step.
Sorbitol:3% Am noAci ds: 2% 98L16/ 02 Lactose: 2% 10 4 8
. 10 4 9 Dextran: 4% Sorbitol:3% Am noAcids: 2%
Gaodirgsuiie are3ho28h MBich4 ka.Stlagde@8gse B the Iyopblisation step and <0.5

0/ t" 0, . 0
oA el 0 Bl st
Thewrestsidnaof Kieovval iteatipnrisrasoend her s0.2ed- ity of the virus
during lyophilisation and al so provides a basic nedi um

in order to conpensate for the stomach acidity)
Tharesulis indicatedhatisperse ey bevepdingtgad of lactose.

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

Table 6

Batch n° Fomulation Viral titer at time = Viral titer after
composition - | zeroafter = - lyopjhilisation and 1
lyophilisation .. week at 37°C

98L16/01 , Lactose:2%; 104 - o 1048
: Dextran:4%; T o
Sorbitol:3%;

AminoAcids:2%

98L16/02 Lactose:2%; 1048 . 104°
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
Arginine: 3%

98L16/04 Lactose:2%; 1047 10°
Dextran:4%,;
Maltitol:3%;
AminoAcids:2%
Arginine: 3%

The results demonstrate that the addition of arginine (which is known to improve the
stability of the virus during lyophilisation and also provides a basic medium in order to
compensate for the stomach acidity) maintains the viral titer.



Sorbitol tends to decrease the glass transition
tenperature of the |yophilised cake by too great a
wale@smel03dhi s can be overcome by using mnal titoPCT/EBL06€M9I725
of sorbitol as shown above2and the viral titer is
V489 mai ntai ned. 5.3: Various fornulation
conpositions This experinent denonstrates that a

nunber of fornulati ons are_possible. af;bl e 7 Batch n
Sarpital fends indagrease the glass tb@é\s@%te\wqea?t%q qf dhe Ixprhiljsed cake by too
gré&rRRrdd. UhislcuA BBlolérsare 6 ubii@ Blaithdl srivtd=arof aoitd] 26RAkwn

at 37 %e @g(t) SuGr ose: 2% 24 07 Dextran: 4%
abgye gnq e Vi ttaris sillAR2IReins8s 990c11/ 02 Sucrose: 2% 5. 09

4,92 Dextran: 4% Mal titol:3% Anm noAcids: 2% 99C11/ 04

%e\ésran 40/ Ia 89 5 Og g/ahtltol 3% Am noAci ds: 2% Bat ch

1t 5’1%?8?"‘&? PR3t tine Viral titer after
Thioepesmentatenmsoatas that a hyopér df |f<$amlaﬁnnsaard pbssible.
TJBgeophi lisation week at 37 99C17/01 Sucrose: 2% 5.40 41
xtran: 4% Sorbitol:3% Am noAcids: 2% 99C17/02

Ba?&w..uae.

DN L
2%

Fa¥Wal
[o)V

F%m%nﬂation

composition

Viral titer before
lyophilisation

Viral titer after

lyophilisation and 1
week at 37°

99C11/01

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

10 5.24

10 5.07

99C11/02

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

1 O 5.09

1 0 4.92

99C11/04

Dextran:4%:
Mailtitol:3%;

AminoAcids:2% -

1 0 4.89

1 O 5.06

Batch n°

Fomulation
composition

Viral titer at time =
zero after
lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

99C17/01

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

1 0 5.40

1 0 5.41

99C17/02

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

10 5.30

1 o 4.93

99C17/03

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

1 0 531

1 0 5.24

99C17/04

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

1 0 4.42

1 O 445

99C17/05

Sucrose:2%;
Dextran:4%:

1 O 4.39

1 O 4.40




Dextran: 4%
Sucrose: 2%

WO 0%/621043 Sucr ose: 2%

Mal titol:3%

Sorbitol:1.5%
5.31 5.24 Dextran: 4%
4.42 4.45 Dextran: 4%
Am noAci ds: 2%309C17/ 05 Sucrose: 2%

VU6048» Dextran: 4% VU60489 Maltitol:1.5%

99C17/ 06 Sucrose: 2%

99C17/ 07 Sucr

se:2% 5.11 4.8

44 97 Dextran: 4%

Dextran:

Am noAci ds: 2% 99C17/ 03
Am noAci ds: 2%

4,39
A noAci ds: 2%
Sorbitol : 3%
4%

Sorbitol: 1. 5% Maltitol: A8%oci ati on bet ween Rot av|rus and
Al (OH) ant aci d:Anliabh@&d$29got avijrus Al (OH) H O Cont act
odeevad fugat i Sufgrdratoapt Pel | eygstd me at on v{ggke
titer in virall gd rg[%: poom ffulm in ffu/m tefperature
}Aifu/m 48 g fidl ItO:é%:;% mn OPOrpm 3.66 0.240m nm 10
99C17/07 Sucrose:2%; 10 5" 10 48
Dextran:4%;
Sorbitol:1.5%;
5.4: Association between Rotavirus and AlI(OH), antacid:
Table 8
Rotavirus Al(OH), H,O | Contact Centrifugati | Supernatant | Pellets
time at on viral titer in | viral titer
room ffu/ml in ffu/ml
. temperature
10 *4 ffu/ml | 48 mgin 0.76 | 30 min | 8000rpm, 10 368
0.240ml mi ' 10 min
10 °® ffu/ml | 0.48 mgin | 0.76 | 30 min 8000rpm, 10 4
0.240ml mi 10 min '
10 *€ ffu/ml 1ml | 30 min 8000rpm, 10 5°8
e S 10 mi.n _
Rotavirus in | 12 mg in 1.38 | 30 min 8000rpm, . | Below 10 47
.| Lyophilised | 0.120ml | Oml 10 min detection
Cake _

Al(OH); is used as an antacid. This shows that Rotavirus is associated with the

insoluble inorganic salt (Al(OH);) since it centrifuged together with the Al(OH); (decrease

of viral activity in the supernatant).

5.5: Dissolution of Al(OH), antacid by SodiumCitrate before viral titration

Table 9

Viral samples Dissolution Conditions Viral titers ffu/ml
99B10/06 liquid 1.5ml NasCitrate 24h at room 10 M
formulation before temperature

lyophilisation;

10 5.43

99B10/06:lyophilized | 1.5ml NasCitrate 24h at room 10 +53

10 54 temperature

PCT/EP2004/009725




1 ffu/m 0.48 ng in 0.76 3 mn dOOOrpm 4.41 0.240m

m 10 mn 1 ffu/mM 1 M 3 mn dOOOrpm 68 10 mn
WRd0aw2108s in 12 ng in 1.38 3 min dOOOr pm Bel pea/EB2044/009725

Lyophilised 0.120m Om 103t n detecti on Cake Al (OH)

V&048ed as an antacid. This shows that Rotavirus is

associated with the insoluble inorganic salt (A (OH) )

since it ce_ntnfugedto ether with the Alm“ ,
WhertRetauigusds aggocigfedawith the ANKOHDe. it ircPosgiblertn Atorhitise evsrdhing
(Hcﬁ@f?nb whd AL l(f@")yoﬁﬂlh%ﬁlbﬁi lh)é p§§§5lé‘ et b v %eh%tﬁ\h@ns by

viral titratian | es Di ssol ut

disSRbINgi %@"M“r%qd“tm@'%?@ fo‘l§/sﬁ%p ‘@@Bi‘ob?’%agq iils ﬁ&’tal’ irggpnd

rBRirfslitsfaaliety 2ftér this digeBtidn dtdpf or mul ati on before
tenperature | yophilisation; 5.43 99B10/06:1yophilized
.5m Na Citrate 24h at room 4.53 5.43

5. &rpfectivity et\m&@véiﬁlﬁs Whenibdéoation ofithe iM(Qi-B§ROfawired agsddiation:

'It(he I{E?C(T%qr%%' c{f |éus |b(aéi"3 ;tl)ybc}i\?esto u?op ﬁlcFrrlgitrg%/ﬁ re¥¥ \{velpgccur in
vp@s Bidbéd be¢low iplidh akminihm Hrdtoaide rbasorbqs chngdetklyisnlyblel édHhus,

%ﬂ peole [WHI 1 O 8%&{,”'{%&0?188,9 does not damage the

Favi rus an ns i activity after this
di ssolution step. 5.6: Infectivity of Rotavirus after

|'i ber ag i@, of3 frhe Al Al%wa‘tﬁ%ﬁ)ﬂer) L,133I S@som ation: The

mechani sm of virus liberation sol ution of the
carrier) may very well occur |n VI vo. | ndeed bel ow pH

Iﬁ theaétémb(fﬁ Km+hUr§§ré?é 'ngﬁaB%SFb%U‘i‘% JC PBW&IEReJu)Qﬁ&{s#@h%nd &Rl H.
hus, Rotavirus wil| be |iberated in

ch.
T/Qomn A he regulatign o( Wgteéz?l agﬁquanéy the gg’aspp@estma/ track
Proceedings of the Nutrition Society (1999), 58, 147-153).

In the intestine, due to the i increase of pH, insoluble forms of aluminium are precipitated
(AI(OH); or AIPQO,), and ellmlnated by the natural way. - -

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

Rotavirus association itself.

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

Other anions like borate, sulfate, carbonate and phosphate are known to be specifically
adsorbed on aluminium hydroxide, thus, theoretically, it should be possible to displace
(by competition for the adsorption site) Rotavirus from the Al(OH),-Rotavirus association.



n the stomach, Al ions are not absorbed ( J.J. Powell,
R Jugdaohsi ngh and R P. H Thonpson, The regul ati on of
waoresnzaiosadsor ption in the gastrointestinal treCkKEP2004/009725
Proceedings of the Nutritiém Society (1999), 58,
V1§8953). n the intestine, due to the increase of pH,
i nsol uble forns of alumniumare precipitated (Al (OH)
or AIPO ), and elimnated by the natural way. t is
unknown whet her the new y DRV@GewBAd6( OH) (or Al PO )
precipitate will be able to reassociate with free
Rotavirus. This raises the2gigesfOHB of the infectivity
of the AI(OH) - Rotavirus ggsaopatll on itself.
Li beration of Rotavirus fromthe Al (OH) -Rotavirus
associ ation by other nmechagq gg8 yiigeal S0 possi bl e.
Lysine, for exanple, interfapggmpbh the viral
adsorption on Al (OH) . Qther apions |ike borate,
sul fate, carbonate and ph hn &.2re known to be
specifically adsorbed on a um _prum hydr oxi de, thus,
theoretically, it should sible to displace (by
conpetition for the adsor?éﬁggﬁgga}t’toé) Rot avi rus from
the Al (OH) -Rotavirus assOVERmRSAMAR60489 DRVCOO3A46 +
1 A(OH3 in 0.120 M + 65 ysi 1.380 I H20 + 30
mn RoomT. + Centrifugati4n 8000r p» m n Cul ot

Super nat ant + di ssol uti o@ulot Supernatant
+
dissolution
in Citrate

below detection - 3.8

Thus, Rotavirus may be libérated from the Rotavirus — AI(OH), association and the
liberated Rotavirus remains active. e :

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

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

A single dose of lyophilised Rotavirus was reconstituted with water and divided into two
parts. The first part, considered as the reference, received an additional volume of water.
The second part received 24mg of Al(OH); suspended in 0.240 ml of water (Preclinical
viral titrations).



in CGtrate bel ow detection 3.8 Thus, Rotavirus may be
liberated fromthe Rotavirus - Al (OH) association and
wo b@sloeines at ed Rot avirus remai ns active. Thi s PCT/EP2004/009725
| i beration can be done eith#&r by dissolving Al (OH) (by
VU4O#8% n t he stomach, or by Na Citrate in vitro) or by
di spl aci ng Rotavirus by a basic amno acid (lysine).
5.7: Infectivity of the Al (OH) -Rotavirus association
A single dose of |yophilised Rotavirus was
reconstituted with wat i,yided into two parts.
The first part, consi d?&\gﬁg}gg‘[“ﬁe reference, received
an additional volune of water, The second part
recei ved 24ng of Al (COH) lédglp%%(aed in 0.240 mM of water
(Preclinical viral titrations).VU60489 DRVCOO3A46 +
1.5 O 0.750 ml 0.750 Ml + + 0.240 M H202 g AL (OH) 3
in 0.240 M 1 hourml/boﬁr 5.55.6.22 Wien Al (OH) is
present, Rotavirus«fs active an he viral titration
val ue s hi ghgrseabhpared to the referensemsanple. This
experinment was+repeated w thout dividing the
| yophi | i seg2d@sgH2end by adding g AlhOMOH)34 g Al (OH)
. Here the reference sanple was the;ane4ggFonstituted
with a Gtratggficarbonate buffer. Thus, the viral
titer is again higher in the presence gfA (OH)
DRVCO03A46 DRYQR03A46 DRVQD03A46 6.22

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

Thié experiment was repeated without dividing the lyophilised dose, and by adding 12
mg AI(OH); or 24 mg Al(OH),. ' '

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

DRVC003A46 DRVCO003A46 DRVCO003A46

o+ + +
1.5 ml WL buffer 12 mg AI(OH)3 24 mg AI(OH)3
in 0.120ml in 0.240ml
+ +

1.380ml H20 1.260ml H20

5.34 6.24 6.05
5.32 5.95 6.26



+ + + 1.5m W buffer 1 ngAl (OH)3 24

mg Al (0H)3 in

0.120m in 0.240mM + + 1.380m H20 1.260mM H20 5. 34

WG 2@4/061085 5.32 5.95 6. 26VU60489 As in the exap@li/gP2004/009725

above, Rotavirus associates4with the Al (OH) particles,
¥YeR¢% the virus can be di scarded by centrifugation.
DRVCO03A46 is a |yophilised fornulated Rotavirus
l&?\’%crose 2% Dextran: 4% Sorbitol: 3% Ani no- aci ds

HRSRIY OrRRISORAAEUS assaciaes witl e AlWH
&inbéligbarded by .ceAPfugation. DRVGIBAM istHAG

ntrl gation tion 8000r m10 8000rpm mn /

(Siepee A torbial % AR + + 1.5 1. 5
SDSAASDSAA5 78 <1.44 5. 92 <1 44 5. 96 <1.44 6.11
<1. 44 SDSAA 2% Dextran 4% 0
?’;awl;& cor |ng to the viral RR}%@%‘%G/

carried out ?n t ?Oﬁ%oernat ant, the quzaépt A)i(O(}II) Al (OH)

Am no-Aci d

1n0 120 ml
+

1.380 ml H20
+

Centrifugation
8000rpm 10
7N
Culot Supernatant
+

1.5 ml
SDSAA

5.78 <1.44
5.96 ) <1.44

in 0 240 ml
+

1.260 ml H20
+

Centrifugation
8000rpm 10 min

N\

Culot Supernatant
+
1.5 ml
SDSAA
5.92 . <1.44

6.11 <1.44

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

According to the viral titration carried out on the supernatant, the quantity of Al(OH);

needed to adsorb Rotavirus seems to be low (starting with one lyophilised dose 5.7 log)

scaling Up viral titration):

Table 10

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

24 mg 1 hour RT 3.4

48 mg 1 hour RT 3.4

72 mg 1 hour RT 2.0

96 mg 1 hour RT Below detection

12 mg Overnight 2.7

panigles. Isppce/athe virus
philid68 fofnuldd Rotdvirus



needed to adsorb Rotavirus seens to be |low (starting

with one | yophilised dose 5.7 log) scaling Up viral
w0 2dosariosn) : Table 10 Al (OH)3 Adsorption tinme HCT/EP2004009725
supernatant 12 g 1 hour RT32.7 24 g 1 hour RT 3.4 48
Wgo028%hour RT 3.4 72 ng 1 hour RT 2.0 96 ng 1 hour RT
Bel ow detection 12 ng Overni ght 2.7VU60489 24 ¢
Querni ght Bel ow detection 48 ¢ ernight 2 5 12 ng
24wadi at e Bel b@vemightt i on 24 ny | Beigsdetedtiop 0 48 1y
48w9di at e Bel o@vemiodtt i on Ti me nédded to adsorb
Rotavirus on Al(OH) seens to belshort: One dose of
12mghi | i sed Rptravediate was r econgtBetow datedtianpr esence qf
24mgg Al (OH)_ | Inamedigtent ri f uged aftCr 0 15, 60 _mi n ang
fMmgour s. The| nomediate wer e r esus Belvdedbteédio®DSAA bef orfe
viral titration: Table Tinme Cul ot Supernatant O mn
5.26 3.17 15 mn 5.34 <1.44 60 mn 5.96 <1.44 24 hours
Bmeeededitp lserb Regaviys Ca@UCKY; seemedb dershottder to avoi d
él’lé‘ﬁb r%)'pﬂlllgébeRéftggiﬁan sr%{ib‘?usfi’tﬂfe@% ﬁre‘%ﬁ(cg'cgf 2 (OH)s, and

ace e

anot her 1 nsolu I nor i c sal
q%qugﬁf@ae,b‘tﬁ] 89 &)in and 24 hours. The * culot were resuspended in SDSAA

before viral titration:

Table 11

Time Culot Supernatant
0 min 5.26 3.17

15 min 534 <1.44

60 min 5.96 <1.44

24 hours . 6.13 <1.44

5.8: Using CaCO; as antacid
In order to avoid aluminium in the vaccine, the antacid AI(OH)3 was replaced by another
insoluble inorganic salt: CaCO;(calcium carbonate).
The phenom'ena observed with CaCQ; are parallel to those deééribed for Al(OH),:
- Association of Rotavirus with the inorganic salt;
- Maintainance of Rotavirus activity when associated with the inorganic salt;
- Possibility of liberation of Rotavirus from the association by dissolution of the
inorganic base by an acid;
- Possibility of co-lyophilisation of the antacid and the Rotavirus.

CaCO; and Rotavirus association

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

supernatant compared to the pellet.



The phenonena observed with CaCO are parallel to those
described for AI(OH) : - Association of Rotavirus with
wo b@siozmsgani ¢ salt; - Mintai nance of Rotavi rBGI/EP2004/009725
activity when associated widéh the inorganic salt; -
Y&948%i [ ity of liberation of Rotavirus fromthe
associ ation dlssolutlon of the inaqrganic base by an
acid; - Posst co- | yophili sat[PIgﬂ $
antacid and the RLot aV| rus. .and Rotavirus® assom ation
nafirst tridAms$aE¥hilised Rotavi r ) g Gag3t i ter
5.7) was reconstiltuted with a suspension ®f CaCO in
wat er (50ng i A.5mBA2Q; and then centrifuyéH20and t he
viral titer of the supernatant conpared t® the
pel | et . VU604 &enfciRyEEOBA46 DRVCO03A46 QentrifnBatipnCaCC3 50
g CaCO3 in ingdoopi2® 1.5 H20 + + Cent800rpgatti on
Centrifugation 8af0rpm 10 8000rpm 10 m npgmn / \ / \
Cul ot Supernatant Cul ot Supernatant + + 1.5m 1.5ni
SDSAA Na Citrate 5.83 4.46 4.33 5.88 This indicates

that nore that ,90% of the Rotavirus is assQciated with

Culot Supernatant Culot Supernatant
+ +
1.5 ml 1.5ml
SDSAA Na
Citrate
5.83 4.46 433
5.88

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

Also, when the virus was associated, it was possible to realise the titration and to
recover the original viral quantities.
Also, viral titers are slightly higher that those obtained without CaCQOs..

DRVC003A46 DRVCO003A46

+ +
1.5 ml H20 1.5ml

+ W.L Buffer

Centrifugation

8000rpm 10 min
“Culot Supernatant
5.03 5.35

4.99



Al so, when the virus was associated, it was possible

to realise the titration and to recover the original
woReoaloozgaantities. Also, viral titers are slightT/EP2004/009725

hi gher that those obtai ned3w thout CaCO . DRVCO03A46

DRPEEI03A46 + + 1.5 H20 1.5m + WL Buffer

Centrifugation 8000rpmmn / \ 'Cul ot Supernatant

4.1VU60489 Quantity of CaCO and Rotavirus association

Lyophi | i sed Rotavirus was recgnstituted with a CaCO
Qég -ﬁ@igﬂ—gﬁ4ﬂkﬂﬂgﬁggﬁﬂﬁﬁﬁﬁﬁ£ﬂg 50 g 100 ng and then

centrifuged, and the viral titer of the supernatant

to.the cul ot o+Centr|
PR R S e B AT R DS P AT
100ng W.rbg 3.01 4.79 3.09 50rTg417415422386
10ng %17 4.77 3.87 4.87 Thus, clearly, nore CaCO and
nor e V|ru% is associated, and less is found in the
super rM@&0ang . However, the full dose is not conpl etely

ARk E&grifggé%[,) Ghd ﬁ’% \ff\'aF tﬂ&raéf tl%f su%ei?ha?atnt l:&ﬁ&ére&’ fo the culot.

Table 12
CaCO3 Extempo + Centri. 1 Hour + Centri
Culots Surpernatant Culots Surpernatan
t
100mg 4.57 3.01 4.79 3.09
50mg 417 4.15 4.22 3.86
10mg 3.17 - 4.77 3.87 4.87

Thus, clearly, more CaCOj; and more virus is associated, and less is found in the
supernatant.
However, the full dose is not completely recovered (expected a total of 5.3 at least or

even 5.8 as obtained earlier — see above).

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

Using 10 doses of lyophilised Rotavirus (DRVC003A46) and 50mg of CaCQ;, two types
of baby Rossett-Rice titration were carried out:

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

into this medium.

In the “inverse” baby Rossett-Rice, the situation is the reverse: antacid is dropped into
the HCI pool (as it occurs in vivo).

Table 13

Classical baby Rossett-Rice titration
Lyophi. Rota Buffer [ Theoretical Measured
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Rotavirus from the presence of HCI, while aluminium hydroxide is not able to.

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

Table 14

Batch n°

Composition

Viral titer at time =
zero after
Iyophilisation

Viral titer after

week at 37°C

lyopjhilisation and 1

99K08/01

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

10 5.28

10 5.10

99K08/02

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

10 5.16

10 5.15

00C24/01

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

1 O 5.07

1 0 4.69

00C24/03

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

1 0 5.07

10 4.85




zero after lyopjhilisation and 1 |yophilisation week

at 37C 99K08/ 01 Sucrose: 2% 28 5 10 Dextran: 4%
w0t mB3 3% Am  Aci ds: 2% CaCO : 50 ng 99KO8POREP2004/009725

Sucrose: 2%5 16 10 515 Dexfran: 4% Sorbitol: 3% Am

AE¢ME: 296 CaCO : 60 ngy OOC24/ 01 Sucrose: 2% 07 69

Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCO : 60 ngy
_Xant hane 0. 3% 00C24/ 03 Sucrase: 2% 07 85 Dextran: 4%

Sorbitol : 3%R&MH: 6inds: |290/U60489 CaCOl: 60 ngy
Xant hane 0| 3&nibaed0/32b5 Sucrose: 2% 03 10 491 Dextran:

dsEdspa0i t ol sugfdséipy, Aci dsto 2% 10 49
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO;: 60 mg
Xanthane 0.25%
00E09/30 Sucrose: 2% 10 > 10 *%7
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO03: 60 mg
Xanthane 0.30%
00F26/06 Sucrose: 2% 10 4% 10 470
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO0Oj;: 60 mg
Starch: 2%

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

Rotavirus activity is maintained even in the presence of Xanthane gum and Starch.

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

Table 15
Batch n° Formulation Viral titer before Viral titer after
composition lyophilisation lyopjhilisation and 1
week at 37°
99B10/06 Sucrose 4% 10 5" 10 4%
Sodium glutamate 3.7%
Al(OH)3 48mg
99C11/12 Maltitol 3% 10 416 1037
Al(OH) 48mg
Hydroxypropylmethyl-
cellulose: 1%




CaCo :

Dext r an:

vi al

4% Sorbitol: 3%

3% Adp Aci

in one"
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®Ccrwobl (OH) 3 48muicrose: 2%

Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO0s;: 60 mg
Xanthane 0.3%

10 4.86

1 O 4.56

00F26/11

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

10 4.70

1 o 4.40

In the"‘lyoc concept” both Xanthane and Starch can be used (maintaining the quick
dissolution properties of the lyophilised cake). '

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

composition

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

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

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

This sedimentation can be slowed by:

1 increasing the density of the surrounding medium

2 increasing the viscosity of the surrounding medium

3 reducing the particles size

4 keeping particles away from each other
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6.2 Increasing the viscosity of the surrounding medium:

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:

natural polymers for example:

arabic gum
adragante gum
agar-agar
alginates

pectines

semi-synthetic polymers for example:

carboxymethylcellulose (Tyloses C®)

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

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

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

Pseudoplastic excipients with low flowing capacity
Those polymers, at a sufficient concentration, give rise to a structural fluid arrangement

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

Examples of such polymers are Carbopols® and Xanthane gum.
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7.2 CaCO, in the lyophilised vial
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In this case Rotavirus, CaCO; and Xanthane gum are lyophilised together directly in the

blister.

Example 8: Lyophilisation of different strain of Rotavirus

Table 16
Batch n° Rotavirus strain Fomulation composition | Viral titer at t = | Viral titer after
zero after Iyopjhilisation
lyophilisation and
1 week at 37°
00F26/01 G1 Sucrose: 2% 1048 1047
SB purif n°61 Dextran: 4%
PRQ/0232 Sorbitol: 3%
Am. Acids: 2%
00F26/02 G2 (DS-1) Sucrose: 2% 10 4 10 *4
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
00F26/03 G3(P) Sucrose: 2% 10 48 10 45
Dextran: 4%




1 week at 37 0O0F26/01 GL Sucrose: 2%1 6 4.7 SB purif

n6l Dextran: 4% PRQO/ 0232 Sorbitol: 3% Am Acids: 2%
wWO0H2021023 G2 (DS-1) Sucrose: 2% 10 4 4.4 Dext r BOT/EEH04/009725

Sorbitol: 3% Am Acids: 29490F26/ 03 G3(P) Sucrose: 2%

VUp04895 Dextran: 4%/U60489 Sorbitol: 3% Am Acids: 2%

00F26/04 4 (VA-70) Sucrose: 2% 4.8 4.8 Dextran: 4%

Sorhitol: 3% Am Acids: 2% Q00F26/05 (&R (W61) Sucraose:

1”4

2% 4.6 4.b Dextran: 4% Sorthiot %4 3% Am Aci ds: 2% The
strains DS-1, P and VATQAmrAeiddes%wri bed ag§ Human

ooPbe/osr us| GaieAgore Stnausiosboryserotype 39+8G3 and (Hg 4
respectively at page 13&L.0f.. "6 el ds" Raven press
1990, secpnd edition. 1 Sto%it%l:%z%oeri ment qifferent

Rot avi rus| strai ns have %%c\a%gq%pg%i l'ised. |For all, both
Htad

+tha v rAal ti1itor havae h nad Adurilnao
Q0F2RMR51 | spEPEW1ENd accelSuemeed%t abi | ity |(Bne week af 10*°
37C) has peen shown. Ex&eptren:@d% Phase saflety study in
adul ts of| one oral admiSostitoRBPoON of the
Am. Acids: 2%

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

second edition.

In this experiment different Rotavirus strains have been lyophilised. .
For all, both the viral titer have been maintained during lyophilisation and accelarated
stability (one week at 37°C) has been shown.

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

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

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

Study Population

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

January and ran for just over one month.

Material

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

according to Good Manufacturing Practices. The lots were released by Quality Control
and Quality Assurance. Each vial of vaccine contained the following components:
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of vaccination was 35.3 years, with a range of 18 to
Bdipisad Stabilibgst ri al began in January and ran for just
over one nonth. Material Vaccine Cinical lots of P43
Yafsdene were prog@yged, purified, fornulated and
[{%@%Fi lized accoqgi to Good Manufacturing Practices.
e lots were released by Quality Control and Quality
et ance. Each VPRM$f vacci ne contained the
Ampinb@aidag conpon@mig: VU60489 Active ingredient: P43
strain Mn. ffu Excipients, stabilizers: Sucrose g
Dextran 18 g Sorbitol 13.5 g Am no acids g Pl acebo
Mé‘étfo of placebo vve(rje ﬁr efpalrled and rel eased. FEach vi al
)T placeho contained the follo .conponents: . |
\Bsls o5 PIaRRS, WelF RisPpPIesand.relagady Eactivinkp! Pl goniainggijhe

following components:

Excipients, stabilizers:

‘Sucrose 9 mg
Dextran 18 mg
Sorbitol 13.5mg -
Amino acids 9mg
Diluent

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

Administration

Approximately 10 to 15 minutes before administration of the vaccine or the placebo,
subjects of both groups were given 10 ml of Mylanta® orally. Mylanta® is a registered
antacid. The antacid increases the pH of the stomach and prevents inactivation of the

rotavirus during its passage through the stomach.

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

single oral dose.

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

water for injection and administered orally as a single dose.
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Example 10 - Efficacy of two doses of a human monovalent Rotavirus vaccine,

Rotarix™ in preventing Gastro-enteritis due to G1 and non-G1 (G9) Rotavirus

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

immunisation.

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

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

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

Vesikari, 1990). A score > 11 defined severe disease.
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results are supportive of the efficacy of 2
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Snestieallyithryvacsinggisedvas namag, Rotagix™tand Cﬁmﬁﬂwﬁgﬁ%be rotavnrus
component the attenuated G1 human strain deposited as ECACC deposit 99081301.

Healthy infants received two doses of Rotarix™ at three different virus concentrations
(468 received 10*7 ffu, 460 received 10> ffu; 464 received 10°2 ffu) or placebo (454) at
age 2 and 4 months, concomitantly with DTPw-HBV and Hib vaccines, OPV was
administered 2 weeks apart. Diarrhoeal samples were tested for the presence of
rotavirus (ELISA) and the serotypes determined in positive samples (RT-PCR).
Diarrhoeal episodes reported from two weeks after the second dose until subjects were
one year of age were considered for the efficacy analysis. Severity was determined
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significant decrease in diarrhoea episodes in the HRV
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two-sided Fisher's exact test). Miultiple rotavirus
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al so cal cul ate vaccine efgjcacy agags

Any rotavirus gastroenteritis 21 22 51

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

Severity scores <7 4 (19) 8 (36) 2(13) 5(10)
7-10 5 (24) 4 (18) 8 (53) 12 (24)
>11 12 (57) 10 (45) 5 (33) 34 (67)
Identified rotavirus serotypes
wild G1 12 (57) 6 (27) 7 (47) 30 (59)
G2 0 0 1(7) 3 (6)

G3 1(5) 0 0 2 (4)



serotypes. As can be seen fromtable in particular,
for non-Gl serotypes (&, &3, &4 and @), and
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Tabl e 17 RI X44 Rl X441 Rl X441 5 ffu ffu ffu Any
rotavirus gast @EW?er|t|s(bl 22 15 81 no. of 8&pisodes (@
(percent) mnthUdﬂmmmflc femture anﬁmg)all rot avirus 0

(19) 8 (36) 2 (13) 5 (10) 7-10 5 (24) 4 (18) 8 (53) 12
(24) > 11 12 (57) 10 (45) 5 (33) 34 (67) Identified

I‘r@i?‘ﬁ'vé U&fléﬁf%i’ E\ﬁﬁ Jided SilRi‘)eM(limurﬁar{ (g%gavyrug ALk citf agalnst

ru@%a "Qe 3 (6 1 (5 002 VU60489 A 0O
8 (38) 14 (64) 7 (47) 15 (29) Canine 0 O
O 1(155? Unknovvn 02 (9 00 Protective efficacy of two
of RI X4414 human rotavirus vacci ne agai nst
rotavirus gastroenteritis Table 18 Any rotavirus
Severe rotavirus Hospitalization for gastroenteritis
gastroenteritis rotavirus

Any rotavirus Severe rotavirus Hospitalization for
gastroenteritis gastroenteritis rotavirus
gastroenteritis

N n (%) Efficacy n (%) Efficacy n (%) Efficacy
(95% ClI) (95% Cl) (95% Cl)

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

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

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

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

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

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

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

1p=0.007 for the comparison between the vaccine and placebo groups by two-sided
Fisher's exact test (significant level of a=0.05)

N = number of subjects

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

Exact 95% confidence intervals are shown



gastroenteritis Nn Efficacy n (% Efficacy n (%
Efficacy (95% ) (95% ) (95% C) Pool ed 1392 58
W@ 4005/083% 42- 74) 27 (2)* 74 (56-85) 9 (0.6) * FOI/EP2004/009725
(48-92) vaccine groups RI X4414 464 15 (3)* 70 (46-84)
\3J6048p* 86 (63-96) 3 (0.6) 79 (25-96) 10 ffu RI X4414
460 22 (5)* 56 (25-75) 10 (2)* 71 (40-87) 1 (0.2)* 93
54- 10 ffu 1002 Rl X4414 468 21 (4)* 58 (29-76) 12 ]
rgfectiyg qfficaqy ot dwp 1dgsegsof Rﬁ@d%ﬁ‘ﬂ“?’? Jotavijuaheacsine against
segotype SPaoifi¢ severg retayirup ggstieenteritis each conpari son
bet ween the vacci ne and pl acebo groups by two-sided
Tdbshey ' s exact test (significant |evel of a=0.05)
t p=0. 037 for the conparison between the vacci ne and

(significant |evel of a=0. Ols)?ve]rﬁE?f%iﬁ"}'s pastrogileritis
conpari son betweenN he va(¥) ne aEfficpéy(ssboClr oupsvaiye*

a= ." épel\foé number of subj ects n/ % = nunber of
Bedigdecsine gpops i ng322 | d340.9bne spéddi41i-88) r ot avi kU801
g Bi ise'odeﬁ@a@)t 95% b ce int S
a?glkgﬁgﬁv\%@yggwg ICFz}!re%t ective ‘ef fi ca?gre%? gfgﬁwo dosegé'g

RIRX44% HiEH r ot #80r us 4&i ne agdPndt-94kr ot ype 0-006
SPRSLEL10eNar e T alGRvi T Us(St 1 OGRI%E(;LJ%B% Tabl o b%bggo/

evere rotavirus roe itis Nn i cacy 6
d ) - %%ae* %%3 ‘Pé &-r) - -

Non-G1 rotavirus (mainly G9 with G2, G3 and G4 types)

Pooled vaccine groups 1392 14 (1) 73 (42-88) <0.001
- RIX4414 10°2 ffu 464 - 3(06) 83 (40-97)- 0.001
RIX4414 10°2 ffu 460 6(1). - 65 (7-89) . 0.020
RIX4414 10*7 ffu 468 5(1) 71 (19-92) 0.009
Placebo 454 17 (4) : - -

*Two-sided Fisher's exact test (significant level of «=0.05) used.for each comparison
between the vaccine and placebo groups.

N =number of subjects

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

Exact 95% confidence intervals are shown

Conclusion:

These results are highly supportive of the efficacy of 2 doses of a monovalent HRV
vaccine, Rotarix™, in protecting young infants against any and severe rotavirus

gastroenteritis caused by the homologous G1 strain and broad cross-protection against
heterologous strains, namely G2, G3, G4 and G9.



GL wild type rotavirus Pool ed vacci ne groups 1392 13
(0.9) 74 (41- 88) O 001 RIX4414 ffu 464 2 (0.4) 88
W@ 48509033%0. 001 RI X4414 ffu 460 4 (0.9) 75 (24POHWEP2004/009725

0.006 RI X4414 ffu 468 7 (15%) 58 (-9-85) 0.057 Placebo

VISg4896 (4) - - Non-Gl rotavirus (mainly @ with &, &

and 4 types) Pool ed vacci ne groups 1392 14 (1) 73

éiz 88) O 001 RI X4414 ffu 464 3 (0.6) 83 (40-97) 0.001
PHA%14 10 ffu 460 6 (1) 65 (7-89) 0.020 RI X4414 ffu

468 5 (1) 71 (19-92) 0.009 Pl acebo 454 17 (4) - -
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5. © A method according to claim 1, wherein the attenuated rotavirus is capable of

inducing an immune response against at least four other rotavirus strains.

6 A method accordihg to claim 1, wherein fhe attenuated rotavirus strain is a single
‘rotavirus variant or substantially a single rotavirus variant, said variant defined by a
nucleotide sequence encoding at least one of the major viral proteins designated as VP4
and VP7, preferably VP7.

7 A method according to claim 1 wherein the composition comprises a rotavirus
having a VP4 gene comprising, in the nucleotide sequence, at least one of the following:
an adenine base (A) at position 788, an adenine base (A) at position 802 and a thymine
base (T) at position 501 from the start codon.

8. A method according to claim 7 in which the VP4 gene comprises a nucleotide
sequence comprising an adenine base (A) at positions 788 and 802 and a thymine base
(T) at position 501 from the start codon.

9 A method according to claim 1 in which the composition comprises a rotavirus
having a VP7 gene comprising, in the nucleotide sequence, at least one of the following:



t he sequence of the rotavirus G protein. 3 A nethod
according to claim, wherein the attenuated rotavirus

w0 s00sapmbs e of i nduci ng an i mmune response agaPCEEPAN4/009725
| east two other rotavirus $8rains. 4 A nethod
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VP7. 7 A nethod according to claim1l wherein the

conposition conprises a rotavirus having a VP4 gene
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B8R @ 1ode15a5HE A8 andG ARMIRs( A) at positions 788
and 802 and a thymine (T) at position 501 fromthe

start codon; and wherein the
14. A method according to claim 12 or 13 wherein the composition comprises a G1

rotavirus strain and is used to induce an immune response to the G1 and G2, G3, G4

and G9 serotypes.

15. A method according to claim 1 wherein the composition is up to 60% protective,
in a population of vaccinated individuals, against diarrhoea caused by infection of a
rotavirus of a different type to that of the attenuated rotavirus present in the composition.

16. A method according to claim 1 wherein the composition is up to 81% protective
against gastro-enteritis caused by infection of a rotavirus of a different type to that of the

attenuated rotavirus present in the composition.



VP7 gene conprises, in the nucleotide sequence, a

thymne (T) at position 605 and an adenine (A) at
w@omshewes 897 fromthe start codon. 12. A net hedi/EP2004/009725

according to claim21 whereish the conposition conprises

WUG@HA89r ot avirus strain and is used to induce an i nmune

response to the Gl and at |east one of the

nonser ot ypes sel ected fromthe group consisting of:
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wherein the conposition conprises a GL rotavirus

strain which is up to 83% protective in a popul ation

of. vakoietiatiedcordidg Yo daial $ whgreintbé csrepesit®dn is administered in a 2-

&}%%tré m?nterltls caused by infection of rotaviruses of
two non-Gl serotypes. 18. A nethod according

to claimwherein the gastro enteritis is caused by
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medicament for inducing an immune response against rotavirus infection from a different

rotavirus serotype.

24 Use according to claim 23 wherein the serotype is defined by reference to the

sequence of the rotavirus G protein.

25 Use according to claim 23 or 24, wherein the attenuated rotavirus is capable of

inducing an immune response against at least two other rotavirus strains.

26 Use according to claims 23- 25, wherein the attenuated rotavirus is capable of

inducing an immune response against at least three other rotavirus strains.



20.. A nethod according to claim 1l wherein the

rotavirus strain is ECACC deposit 99081301, or is
wobdogiozmbs e or derivabl e from ECACC deposit 99081/BBH04/@9725

. A nethod according to cl&m 1 wherein the

Yevptdsi tion is administered in a 2- dose regine. 22 A

nmet hod according to claim 1l wherein the attenuated

rotavirus strain is fornulated with a suitable

pharmaceutical carrier or wwth an antacid buffer or
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pYsitiBR b Fromshd 8@rt@Bgor802 and a thym ne base (T) at

position 501 fromthe start codon.

32 Use according to claim 31 in which the VP7 gene comprises a nucleotide
sequence comprising a thymine (T) at position 605 and an adenine (A) or a guanine (G)
at position 897 from the start codon.

33 Use according to claims 30 or 32, wherein the composition comprises a rotavirus
having a VP4 gene comprising, in the nucleotide sequence, an adenine (A) at positions
788 and 802 and a thymine (T) at position 501 from the start codon; and wherein the
VP7 gene comprises, in the nucleotide sequence, a thymine (T) at position 605 and an
adenine (A) at position 897 from the start codon.



31 Use according to clains 23 - 28 in which the
conposition conprises a rotavirus having a VP7 gene
w@oosne®Bng, in the nucl eoti de sequence, at | eRSI/EPI084/009725
of the following: a thym né6(T) at position 605, an
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Gl serotype and at |east two of the non-Gl serotypes

selected fromthe group consisting of: &, G, 4, G5,
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serotypes. 37 Use according to clainms 23- 36 wherein
the conposition is up to 60% protective, in a
3populse aeardiig toatainh 23 ed? wheliein the gbropositipai imap to 81% protective
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roBdvirli§ Strain which is up to 83% protective in a population of vaccinated individuals
against severe gastro-enteritis caused by infection of rotaviruses of at least two non-G1

serotypes.

40 Use according to claim 38 and 39 wherein the gastro-enteritis is caused by
infection of a rotavirus of at least four non-G1 serotypes selected from the group
consisting of G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13 and G14.

41 Use according to claims 38 — 40 wherein the gastro-enteritis is caused by
infection with G2, G3, G4 and G9 serotypes.



attenuated rotavirus present in the conposition. 39
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