Vaccine FIELD OF THE I NVENTION This invention rel ates
to rotavirus vaccine fornul ations. The invention
relates to the use of an attenuated rotavirus

popul ati on fromone rotavirus serotype in the
prevention of disease associated wth rotavirus
infection from another rotavirus serotype. In
particular the invention,relates to the use of an
attenuat ed rotavirus popu AW16h fromal serotype in
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asymptomatic (Offit, P.A. et al. Comp. Ther., 8(8):21-26, 1982).

Rotaviruses are generally spherical, and their name is derived from their distinctive outer
and inner or double-shelled capsid structure. Typically, the double-shelled capsid
structure of a rotavirus surrounds an inner protein shell or core that contains the
genome. The genome of a rotavirus is composed of 11 segments of double-stranded
RNA which encode at least 11 distinct viral proteins. Two of these viral proteins



RNA whi ch encode at |east 11 distinct viral proteins.
Two of these viral proteins 1 designhated as VP4 and
VP7 are arranged on the exterior of the doubl e-shelled
capsid structure. The inner capsid of the rotavirus
presents one protein, which is the rotavirus protein
desi gnated VP6. The relative inportance of these three
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Early vaccine development for preventing rotavirus infections began in the 1970s after
the discovery of the virus. Initially, attenuated strains from animals and humans were
studied and had mixed or disappointing results. More recent efforts have focused on

human-animal reassortants that have been more successful.

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



2 was isolated froma stool specinen collected froma
14 nonth-old child wth natural rotavirus illness in
1988. According to US Patent Nunber 5,474,773 the HRV
89-12 human rotavirus was then cul ture-adapted by 2
passages in primary African Green Monkey Ki dney
(AGWK) cells and 4 passages in MA-104 cells as
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P33 material was passaged a further 5 tines on Vero
cells. This is referred to as P38. The P26 and P33
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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.



P33 and P38 are simlarly a mxture of two variants.
These variants appear to be antigenically different,
in ternms of neutralising epitopes, to the 89-12C2
strain deposited at the ATCC when eval uating the
neutralizing antibody titers of sera frominfants
vacci nated with P33 agai nst these variants.
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Figuré/ ‘??scfhg%ucléotide 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.



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

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 thé deposition number 99081301, under the terms of
the Budapest Treaty], can be used to prevent disease caused by G1 and at least one,
preferably at least two, more preferably at least three, most preferably at least four non-
G1 rotavirus serotypes selected from the group consisting of: G2, G3, G4, G5, G6, G7,



response is induced against two or nore rotavirus
non- Gl serotypes, typically against any serotype
selected fromthe group consisting of: &, G3, 4, G5,
&, G/, &8, &x, GO, Gl1, Gl2, G13 and Gl4. It is
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rotavRefesetion t?Bm' Srobdvirlss $etybe HBlRdthod comprising administering to a
subject a composition comprising an attenuated rotavirus vaccine from a different

serotype.

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

single variant as defined herein.



specificity. Mire preferably the rotavirus popul ation
conprises VP4 and/or VP7 viral proteins from ECACC
deposit 99081301 suitable to elicit an inmune response
and, typically, provide a cross protective effect.
Preferably the rotavirus vaccine used is the ECACC
deposit 99081301, or is derived fromthat deposit. In
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abovgr ot ect i ve agai nst gastro-enteritis caused by
infection of a rotavirus of a different type to that
of the attenuated rotavirus present in the
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provided a nmethod according to the invention wherein
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a method according to the invention wherein the composition comprises a G1 rotavirus
strain which is up to 83% protective in a population of vaccinated individuals against
severe gastro-enteritis caused by infection of rotaviruses of at least two non-G1

serotypes.

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



Preferably the rotavirus popul ation according to the
invention is a cloned variant. By a popul ation
conprising a single variant, or substantially a single
variant, is meant a rotavirus popul ati on whi ch does
not contain nore than 10% and preferably |less than 5%
and nost preferably less than 1 % of a different
variant or variants. Virus popul ations can be
purified to honpbgeneity or substantial honogeneity
The peteyeLi viagcio used toagiveccress protecjip bastherigllqwing léfﬁfﬁ"r@é f%atheS
series of one or nore cloning steps. An advantage of
the invention is that a popul ation conprising a S|n?Ie
Prefesablythe rotavinis opulaiion aﬁc@dmg to thednyesytintisa Flgpedyarign
consi stent vaccine lot. Particular variants defined by
nucl eoti de sequences encoding the major viral proteins
By arpopulatien corapriginga singledvanipnt or subistanialy asinglexegantnisimeant a

rota@fu@?%?ﬁlb@ﬂ\eﬁﬁtlcﬁ 9{)@%’ hétedn a‘LHc &bkd tﬂ?? 1b%, gﬂf gfé‘f@r&@lgﬁ&g than 5%

€ or su Stantla y sing varl
and m%t profesally less ttpmp‘n% af @ diffecgnt vaydarit ou ariantn V@sa)opulatlons

can Mé‘ LAY th HO%P%%T lk'?)? s&f?ﬁ‘{ rﬁ%ﬂﬁorﬁB e'it? E? p?s{%dﬂ\%ecm édﬂsble cell

uence co g at least one
tYPe%IQéhY n@f%@m q ggriegtof poe pr ingre d%ng stgpsadeni ne base (A)
at position 802 and a thym ne base (T) at position 501
fromthe start codon. In a further aspect the single
An advargagssefdhe Inuehtiond$ it @ peatliation comprising peipgleavariant ipmore

swtaHéGI‘or hB G HuIAdn o? a%ﬁﬁétﬁﬁmachiﬂem' Paridir Vgﬁarﬂgﬁ‘&’ ined by

rises a nucl eot e sequence conpri si ng at
nuclemlge SGequanses ehcasligrije majormvjinal proteine may also @etase@pme@ WIth

enha%@e@gﬁ[?é y@gﬁ,@ p@Leqtﬁﬂ%'f tdt%ru%?r? ectfp @ guanine (Q at

positi rom art co Preferably at
p03|t|on 897 there is an adenine (A) In a preferred

In or@???l%ére{l Eg%%{t Irlg% glﬂé@dr @U{)stéﬁhatllg gln?%\}grﬁhf 1@ g?eﬁ%géﬁfsﬂ% ng
popuation 80 thedinention fsyvariant Mwhich fhesVR4 mn@@)lnﬁrtseﬁatﬂuéleotlde
sequ%h éorn?;grgﬁ-?]at I%s& pﬁ egg tﬁﬁ Bﬁ/ln;? gg %tﬁ&? he #)Es@ggtal? ﬁf)?ltlon 788,
an a@&nmﬂ kAsadA) at pdséion B02 mind (athymmls base {ratpesitian 5@t from the

[{ion 605 and an adeni ne/guanine (A/G at position
Startgg@drﬁromthe 8 start codon in the VP7 sequence. Most

preferably in the VP7 sequence there is an adeni ne
7. Iy I
i e 3eoB e 59 S Sl BBV BRI e
mvermon is‘mvananv wwmldntma@hgermjmmprseé A)nmteopdnssequenee 788

oompa}l %g a??e one oft tﬁé( 5 IIowunng thym| e ta't Bgsﬂ? n1 605, an adenine (A) at
position 897, or a guanine (G) at position 897 from the start codon. Preferably at

position 897 there is an adenine (A).

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

codon in the VP4 gene sequence.

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



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

starmwedimlge a/W%qUQMd aMost\preterbly it B VIPT befiehee there is an
d tjfgr?g ﬁ g? hovvn in Figure 1, and/or a nucleotide
a e@%ﬂ BO¥HUbY g a VP7 protein wherein the nucl eotide
sequence is as shown in Figure 2. Preferred rotavirus

t he resent i nveption nma

in a B Blpried asBee dbF SO RERTIdR heRbs ity ageording o the

lnveﬁmmasramsad@hﬁ’\@f(l\ﬁétl pUtitidRs A88 Hhd 802 &nd 8 thynitié €T) at osmon 501

t|o al | in honn eneous cul ture_usin
ff°m35 Répddn i %4 neiSRYense| ad tymipe ) ;far RehiAM g and
an aﬂérﬂﬂelgué;rﬁmi @vepat, polamdn @b?ﬁ@:ﬂ’\lgefsf&rt &dtRn @@Wsafueace

nt i e varian carryin
Mos IR InThe VEP sBRtcb hese s S ) aR RO g 897- of
t he VP4 and/or VP7 gene sequence. Preferably the
uIa erived fromthe P33 or P26 strains as

Ina gﬁ‘*& ad R'Rje Vargil COBRTRGS RN RRAIHRSRAYENGR eﬁ‘ﬁ?fﬁng a VP4
protetuivhérelnythb ﬁu@l@bﬁde&i&q@éﬁc&}t a8 sHowAir FiglfeVe aft/of afmcleotlde

uantit tlve bridi sati on techni que such as t bl ot
seq“%?‘fﬁ ?'690359@0\4 %Pr%?'ﬁa‘h ret isnugleotde BW“ePF"éis O
Figueed.ected variant is a variant which is replicated and

excreted when the starting rotavirus preparation is
adm ni stered to a human subject, in particular a

Preferfed| retavirddsopiestidhs for@isé |1ri3!h€(i|)ré/§elhtlﬁ1v§|‘iﬂb‘h| rAdy B¥lobtained by a
thﬁgsultl ng fromthe nmethod according to the invention
me ﬁo'BB"sAﬁ%l ified by further passaging on a suitable

pass@@hd; alrbtadirusréparafidd 6n a8Litatiey B@Ftyp&r passagi ng the

q{y %ﬁy E%’ﬁm ation in the above nethod include
optionglly;se G OgRIIGRES cHlfwi 85ing gKere el ¢iberwhi ch may be
a) est ahhltahlﬁ[dmceﬂ | lines or primary AGWK cells.

e AGWK cell lines include for exanpl e Vero
b)In A‘%‘@%P e isglationgndl FRL- 2 (ATCC CL- 160), BSC-1 ( ECACC

checkiffbt thdpreseétiteGfa ]suﬁﬁ-éﬁ?ﬁ\all?@k)ag@nan%)s%rﬁkﬂgré\h|aes.e%[18nce
MA- 104 (rhesus nonke
deterpynationy 9§ an grrepiiate é%@'orv@frtae VB andigr YR ganeseauencg-

preferred for anplification purposes. Passagi ng on

Preferably the population is derived from the P33 or P26 strains as described above.

The sequence determination may suitably be carried out by a quantitative or semi-
quantitative hybridisation technique such as slot blot hybridisation or plaque

hybridisation.

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

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

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



Vero cells gives a high virus yield. Techniques for
checking whether there is a single variant in a virus
popul ation resulting fromthe nethod, and for
determ ning the nature of that single variant involve
standard sequencing or hybridi sation procedures known
in the art and are described hereinbelow. 1In a
preferred aspect the nmethod of the invention is
carried out using an appropriate rotavirus,

Suitabletdell types fgr passaging the rbtavirusgpapudatioh in thetabovs trietrodahclude

R e
prirrM)’BAG\MK c¢|lsw£sutatbie AGMIE célf h'lmsFP&Sude( fanexamﬂ)lat\/ecb W CCL-

81). ﬁ?%g?@ by afsigéfiBgsdIng%,ﬂgétﬁsw Zﬂgnﬁ?om ng'ﬁ eg;sCL'

70) £ Alsbsuisable aredA<iadi(ripsus mookey) @dd MRS (lmen —\AJIGC CCL-171)

ool s, Bl B e peh Elleh Brereirsd oc BRI fybiSee. psaging on

Vermllswwamimiﬁ@ylewacm ne Research and Production
Laboratory, Public Health Laboratory Service, Centre
for Applied M crobiology and Research, Porton Down,

TeclSzigiuasfor ghecking vtheltier ¢her&i4a Sid@e variantdul a Kirag)population I&sulting

oW 39 9 R BRB BuDLIRGe S A e

seqliiermlngair@dbrpdﬂatlon pencedligisiknowvy in thetdniearsd arp ldesdribed theceinbelow.
of obtaining the human rotavirus P43, simlar and
functionally substantially identical rotaviruses may

In a peeferpedoapeetthe yndthmbef the invehtion lmimed out asing amvap;ﬁrophﬂe

rotabFR DA Rard ol VY e Paitiibues 16 b2 elndings of

passlagebkieti\(ajiivemdrgof equi val ent to the human rotavirus P43
of this invention and therefore are within the
general scope of the present invention. It wll

A partivatagly prefefved single ivatiaritgophlation 3e6P43) whithives dbiained from P33

on S8 TRRBRIoEA He3oP Rt LB Gk vpes) o
seriésef end dildtionwidningadtes fotfowstiby passadinghiaé cibhed matesial oroWero

es materials derived fromthe deposited P43
ceIIsW@ B'301 by subjecting it to further processing

such as by propagating it by further passaging,

A P45 8plRlon P Fpat e £ e ety anAniBatd i Cuies

(ECAQ), Waedi mengetmﬁnarﬁwecbdowdrﬂmtb@nPubltcﬁ@éwthq.laesratory
ServncelaJ C@eﬁct r Ap ledtl\ﬁncro u(ilsan rﬁesearch Eorqon Dlo\pvnt gaellsgury,
Wiltshire, SP4 0JG, United Kingdom on 13 August 1999 under the deposition number

99081301, under the terms of the Budapest Treaty.

Although this indicated public availability is the simplest method of obtaining the human
rotavirus P43, similar and functionally substantially identical rotaviruses may be
produced by these or other methods in view of the teachings of this invention. Such
functionally substantially identical rotaviruses are considered to be biologically
equivalent to the human rotavirus P43 of this invention and therefore are within the
general scope of the present invention. It will therefore be understood that the invention
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Materials derived fromthe deposited P43 which are
covered by the invention include protein and genetic
material. O particular interest are reassortant
rotaviruses which conprise at |east one antigen or at
| east one segnent of P43, for exanple reassortants
whi ch conprise a virulent strain of rotavirus in which
e p Sieshatelint potathe hifind he AERRIRSRAITHE o8 St o8
desgjiagifareial |y, a rotavirus reassortant in which the
segnment or partial segnent coding for NSP4 is a P43

segnent or partial segment, may have useful _
It will iadsgdier inderstarskibaidhe inventierpernpmpasess maigriale derivelieem the

j r L | .
cepblcti RRCADE (HOGI 5 MBI ERY Bl dicnatty
propagatirgit by firbetpagsagingl claming.or ottisir pryoedyres @sing tive ((ve) virus or

by ricRiy g Pasi A wal BRI 5, QencBEbhyittrl ey RS or fEBsortant
techpiquea 3 Suchplgp® aedleshninyesianeiwell kmewnimthevast means
mat erials obtained fromor with the P43 virus,
particularly antigens of the virus, which are capable
Materjalsederived ifiof the depesited P43cwhidnare covarediby the imventian include

proté‘ig%inai;%n At FAS d@%ﬂiéumr bR 4B OasR oAtk t?OiHL%E whidh
adapti'ng the rotavirus to an appr Opr1 S0e Cert Tine,
compgise ableansoae gatigencas|at isast enensagniant ofi243: Soraaxamiple teagsartants

whichR®mprik&'S vﬁﬁleﬁﬁﬂf;a% S6btdvirs fhfwl?{ﬂ%’ oRPLEMH &lone qf the 11, y

cont am nant suc as any adven I OUS agent St
gengsae pegmeits has tethieplaced bl thepgéronve segmemb oepart thereof of P43.

SroSAEHRS BRI ol B AP e con
NSPéiga P48 segmentierpartiah eegmenteimal davewiseftleropertias t Reassortant

ol B AAOBoREced B BBt bl liihoth (U B s

Wagsiaff, AobtTetravaientaRotaninue Mantiad, 4 review. oARM drug evaluationgi ne

BioDﬁSc{) e@tgg%)t{bey_% tlgga)ll Vacci ne conprising single or
S 1 C

Stant y single rotavirus variants are preferred,
however, use of single variants or substantially

PR Sl Sy BT A b RSBt gy
of P43aymbuinclogisalicactive derivatives meaos anaterials elitaiaed frotroor with the

V] | L ctign.or Cross-protection
P43 BA baReaafl 18885 oPthBATEL. ot ora B3l o Sl fimmune
resparisedhatiis feantivehagainst Retavirus vben injeotéd into ahestamiralt ur es
of P43 with other rotavirus variants, for exanple

ot her cloned variants, or with other viruses in
In adpptingi the Fatavirusttb an apptopriatet ezl line rfos@amplel Vbrotells Lit ey be

nece@sra?y %St?éalt' |thei \Hruts Q:% as 8%'3{‘ id of: aflnyt ;;]o?er%tlgvgcpnttér%%ant such as any
adventitious agents that may be present and which would otherwise cause
contamination. In the case of ether-sensitive adventitious viruses, this may be done by
ether treatment as described hereinbelow. The present invention also relates to
inclusion of such ether treatment as an optional step in the overall procedure for
obtaining an attenuated live rotavirus or vaccine formulated therewith.
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whi ch are descri bed herei nbel ow. The present invention
al so provides a |ive attenuated rotavirus vaccine
capabl e of providing cross protection, preferably

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

VacteCloRfrighE irdie st dustafifaily MRS foRivirl vaidiRy a3l eieired,
rotavirus vaccl ne cont al ni n% a Ssing | e rotavirus

howsyprURe ofsiaclp vagaTis of sHAstANtBHY SiadieNaranis s Aef gssential. The

cro@cbfaﬁbﬁ&ﬂ%l@nrhé‘ stPAiR Bt fheHesent InVEntioRtrAd Eé'éorﬁ@iﬁéd fth bther
whi ch l'ive attenuated rotavirus is a human

’°tarV6‘l‘5a$fr4"ﬂﬁst°d}ﬁ%V'%é@d'W| prRtagtion phergsspwtasten ggainst rotavirus
infestitnt Hfitapbar maceutical carriers for use with the
attenuated rotavirus strain according to the
i nvention include those known in the art as being

Theﬁéfbrteaals@ witRin tRE koIt Ml EmiohQe ad@ixRREd 8 P43 With other
infants. Such carriers include and are not limted to

’Ota(‘,“&l‘so‘(ﬂﬁ'?ﬂﬁsa@é §XamB'SI%V'&ﬁf@lﬂﬁ'8¢ yarig(lis. o5 withjother visusas; ip paricular
otheheEAtE® virdSRENSHEN FANIEE @Xd dsofulliy e ataRas bitthe invkAtich
titani um oxi de, iron hydroxi de, nmagnesi um stearate,
Wh"é‘a?’ﬁ&ﬁ?‘?@eﬁﬂet%mwvbse hydr oxypr opyl net hyl cel | ul ose,
m crocrystalline cellulose, gelatin, vegetal peptone,
xant hane, caraghenane, arabic gum (3-cyclodextrin.
The-presenhiprention alse evidesd liveattepugtestetavinepyagsinesapablg of
providi@¥roEs! BroYétsieh Ntefetdby \%Kl%mébl%gﬁé’es 4 §tﬁﬁ?a$ltlgﬁ¢’élﬁ§le Vhfant

virus in the presence suita stabi |1 sers or
popyatian. pAgixed avithi g spitablecadiivanter a harmaceuticalgardsy- with a

sui t abl e adj uvant or pharmaceutical carrier. 12 It may

al so be advantageous to fornulate the virus of the
Preferablynthegatavius vaactnerreserging te e inventiondsha spnpyvalgalgrtayirus

vaccife ddrRARAGBSindidrdbbvingb Bird er emul sions or with
carrier particles ternatively or in addition

i rmunosti nul ants such as those known in the art for

The PFeabnt %HtuBﬁ?s PERcUR Jué&ﬂaHgggouﬁngP&t glﬂl/é‘ffdtg\ﬁrus%eane in

| mmunost 1 nu antS|n cterl
which dhe liveatienugted ietwiFys is etiumanapiavirys amadmr nateaUSehe
,ntuslggg&?)ggfl,_n (entire nolecule) or the B chain only (CTB)
he heat labile enterotoxin of E. coli (LT).
Mutated LTs (nlLTs) which are less likely to convert to

SuitdplEbh | R ' i i kil t
i eferBReseal B is 1955 Mo st BRIAES o ecorihy to
the ln\mﬂm)@plucla Itmsknmmmtheeqrt aalbeing agjtablesfoy otab administration,

r
cspeley SFRRRLT GRS HERB U0 o8 PR oot
polyalcohols amino acids, alummlum hydroxnde magnesmm hydroxide, hydroxyapatite,
talc, titanium oxide, iron hydroxide, magnesium stearate, carboxymethyicellulose,
hydroxypropylmethylcellulose, microcrystalline cellulose, gelatin, vegetal peptone,

xanthane, caraghenane, arabic gum, 3-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.
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nmonophosphoryl lipid A (3D-MPL). Purified saponins as
oral adjuvants are described in WO 98/56415. Saponi ns

and nmonophosphoryl lipid A nay be enpl oyed separately
or in conbination (e.g. WD 94/00153) and nay be
formul ated in adjuvant systens together wth other
agents. 3D-MPL is a well-known adj uvant manufact ured

1t 2l o VTGS 18 st GRS of 1 ARRGT i Bfoacta
vehiclehisaotieas aimisoaw_daswr&Ms_zmﬁesr inooildh WamrnemMnsoo‘r withrcalréer
parlg ! ethatiSl LA H BB RE et Sar B dre art
for dtblwa‘c,‘anks_ mag BB .incliediim tenforrulatidrs csmwmeestimmmth odlude
oacigfél (6F naRlck By b GHBIEE! Pine FREP MirfougPrf fortire
moledule) or theeB ahain ohlyCTB) siad therteat tabna:)elstetdt@xin OICE. aof (LK)
Mt LIS (YU e o BED Cabaft i A Tgfén g ngtive
LT goe désribed iredj0e86/066%7, WO 08/(13R62landUs8\3, 1825108 r ai n

according to the invention is fornulated with an
antacid to mnimse inactivation of the vaccine by

Furtheriishmunobtivaulatts whith mayadiamitdgeoasly be iud:lmdmw saganin

i ds, f
oo S A5S80S S o Byl
monmmhonyaliﬂlq'Ae(BNMHDl urified eapaﬂmsvdy orbl aljuvantsi draldescribed in
wo oflselt S, ool ihaeane i 158 Altnel B St haE sgmratdy or i
combipetiaxiede WO 9400163 aridmagy bié feemulatetkih adjuvantdyatemsgoyether

wits olheF BT | PL A 2 el B e sperradeds o R

Immaonoghesi, Mobtanagaahddtstharufacturelie déstvibed indBB @322204Can
provi de not only an antacid effect but also an
adj uvantation effect. Al so suitable for use as

A genarabdiscission df ehivias ahd adjalarits tbridf’éd @fRuiBaBdrecal W'Uﬁd in

antaci.ds .. suych a nlc CIdC | at | t
Vacdh et Tra by and Adk RSl a5 Neaman,
Plenum\Rrass, dlewcYisrk a1 995. an orgam c aci d car boxyl ate salt,
preferably a salt of citric acid such as sodium

citrate or potassiumcitrate. A particularly preferred
The iavératioh @lsfohabwa@e/a RfethisEfdr Vatcinatiny BGaaR Sulsject asspktialy ifants,

ent nvention is the insol uble inorganic
by a@mste% aref sHbiesHn pRed thereef @n@ffectigameunt 6 iactine
compbambﬁ adtdrding t& Mednventian s Prdfatablythé livd RtenigledWiattife and
t.he taw[ug activity is
admlmstere by oral administration.

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

and are given in suspension.
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mai nt ai ned during the association with the cal ci um
carbonate. To prevent sedinentation of cal cium
carbonate during the filling step, viscous agents are
preferably present in the formnulation. Possible

vi scous agents that may be used include pseudopl astic
exci pients. A pseudoplastic solution is defined as a

i S8oR847'F potiERy SRR cofneiRel fAepeng FSRRRLEN
accoidirg tartbe imaentichl asibtarn@ogde saiodnlyasn antabid effgctrbut also an

adjt?\%rn?agc@ﬂtﬁ éum agar -agar, al ginates, pectines or
Sem -syn Reti c pol ynmers for exanpl e:

car boxynet hyl cel | ul ose (Tyl oses CO, nethyl cellul ose

s MBS, B B0 0 AR e o5 S S

such yad oeganir agid tarboxydte shlks | A preféridet drdacd & th¢ vacaredcdipgsition

o ol BF4LE B 4l RSPBL Bt MR e

suclh\las sodiaini citeate o potassiuagitrates t hat nmay be used are
pseudopl astic excipients with | ow fl ow ng capacity.
Those pol yners, at a sufficient concentration, give

A partigdartyoprafesied @otasidathat hay be asedingkeneadciner comlositiog of thea

h I f | gw
pre<drbRuBR R nlngdielé et ) s Olim B GRREE) "
calcyinv earbbmate iscatde &t mtuateahuthefrbtawusgarwrtge ttdtavditéf:ﬁcgvnty is

0
maifefheh Btind e teSat it bl o R genent 1 of der
to obtain a fluid solution. Exarrpl es of such polymers
To B ERARBRRRUL b SR BRI G R gers are

preferatiiyrpresgint imtthe fortialgionf orm a fl ui d sol uti on. Exanpl es
of thixotropic excipients are: Veegum (r)(Magnesi um

alum niumsilicate) and Avicel RC(r) (about 89%
Possible viscoysagdrits that mal belusse lmnﬂ!ebbeﬂﬁoplasttc excipients. A

pseTRRRSTY SN 1 FeliiadR 2 Paviandi poctishst Fiscesl B Lo
compared to its eibeusltg dnderagitation. raqu@wsmnmsayw @l’@ naidraispdlyieers
sition of the invention is

sucr TP E gL Pdepan St Prader SaRBIeRobeBReoP S Vet
polymerskfom&t@;ﬂ@d:a&ﬁﬁ?ﬂﬂ@ﬂﬁlo@ﬂ%se@ﬂb%eélG(WOﬁaﬁyl_&elmﬁos% (Methocels
1, SRR 765k bl I, RIS BByt TRbSEe), anc
hydroxypeopyenethyiesitidse Qnemeaé m@‘mnd R®! Vigcorite@b MEHICERYIn general
those pseu%oplastgcdela)EClplents are &Tsped 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.

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

enbodi nent, the vaccine is admnistered as a liquid
formulation. Preferably the liquid fornulation is

Tl BB sBorhE o dsf iR P sty WABETE aafitih ey
fornh adjuiddsobudiop.o Esarnples of mwopimdbieatstarei\!wguirr(a@/lagnesium-
aufAREFEhe 8 A1 RO o R B ARt an 11%

CarboryretiydeelililpsdNaysepar at e conpartnments of a single
vessel, or separate vessels which can be connected in

such a way that the final vaccine conposition is
Then@acdns compowiibnafitiptesentpmaintign pteférably lsempiises dPviscaustagent

r ' Lon h jrus may be in a dry formor a
Se'ﬁﬁ’ﬁ@ %(%ﬁr{h%\ne‘:gueré 8?3%@" the virus conponent is
| yophilised. Lyophilised virus is nore stable than
' [ ) i on. hi | | .
ool e BBOURON A BB bl el i g i
comiimiatian df cataurp @arbionate dnd yanthdnegua. | | qui d vacci ne
formulation. Alternatively the |yophilised virus nay

be reconstituted with water or aqueous solution, in
Othevvooipooests of heoinpositior ussedn the ingentioospitedily inolade sugars for

fer jns an antacid conponent. Preferably,
exar?hlg s@g@)g%%gg@gfa%{ﬂsé“ on conprises a virus conponent
formul ated with cal cium carbonate and xant hane gumin
ne.coppartopent. or vessel and.this jis .re i
The A B oG s el B e Areno el fpd S L Ko ffonents
includonyfar éxaengle favouriags @larticularig fartdmesralpraetine Y @di bacteriostatic
pbodi nent, the vaccine conposition is a solid

age'{ﬁfﬁ'rnul ation, preferably a |yophilised cake which is
sui table for immediate di ssolution when placed in the

e outh, L hili,sed formul ati gns may .conveni.ently bhe
Differt prepsatatiing sl ¥pvns Cortigedion acrorains i e Hventir &l
enviddgedt er pack. I n another aspect the invention provides

a rotavirus vaccine in the formof a quick dissolving

tablet for oral admnistration.
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

ii) liquid component.

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

composition is reconstituted without exposing it to the air.

Prior to reconstitution, the virus may be in a dry form or a liquid form. Preferably the
virus component is lyophilised. Lyophilised virus is more stable than virus in an aqueous
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In anot her aspect the invention provides a conposition
conprising a live attenuated rotavirus strain, in
particul ar a human rotavirus strain, wherein the
conposition is a |yophilised solid capabl e of

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

soliF, TRSSRRH SRR APS AT T e Ty b
compegition & preduces ligwid vatdine foapyatice Mliesngtisely itrlyaphilised virus
ma)g?éé f%rbg%ﬁ\g@? intﬂ rwa[?é'are&l!aahé&fsl Jomﬂ@i(,'t ih %i(%ﬁgt%%h %Ixophilised virus

he virtus is a l'lve attenua
compestion preferably clontainsfasraniacid eempénent.an i nor gani c
antacid such as cal cium carbonate and a vi scous agent
such as xanthane gum A further aspect of the present
Prefenahin thevadcinetformpationciomprisgop Mirls easapdnenhioimulated with

n
calfifeBnatp B Kphtiang GIRAHA Sl corfin@Bleri tedel Ind it
reconstituteshwitrywater oGaqueous selutiart presentimthersecond enmpastment or
vesddr nul ated and admi ni stered by known techni ques,

using a suitable ampunt of live virus to provide
effective protection against rotavirus infection

sSSP, 2 e
prefeigblyed lygphiisedcaiwe whichts suitablelforinfroediatefdissniution whes laced in
ne 1) EP b YEL5 ERTly ASEB8 l or oftes
in a pharrageutichbblisterppagk. a period of time, for exanple in

two doses given with a two-nmonth interval. Benefits

may however be obtai ned by having nore than 2 doses,
In afatherepsangiithe imvention provides a rotengiuseaccipain the fidrer ofya quick
: el 9o | .The interval between doses nay
diss G TG SRR RRRIHLD | Dt he ™) ong. " An opt 1 ma

amount of live virus for a single dose or for a

it B T 0 Rl B Pl s

rotaving strainnip peistielara iunmarofotaitus bioaly, widreiaghanomposition is a
£ ' ' . D ' f_the, i [

yopfiESRERRE Sapdhe B dte clsSPUlBT BhET ooed Plink Bl "
protection against other diseases, for exanple

pref bl L QU oo i0ind Tiiat et Piog T8 ey e® gisslfet iy 88 moun o

the ssibjeat suficiehily quivkly to prévieat swaliewingoaf aise omdissvliveddablet. This

ok piiR s RE AR donre B TRl YRR it ant

vaccinated with the P33 material as described in the
of

Pref%%@? 'tt%\g %%%%}“ﬁ %R ST _a¥\éec[ ﬁun%aens}o?éjvirfug (Nhllnc?ll% o"#nlué?éd with 8n
inorganic antacid such as calcium carbonate and a viscous agent such as xanthane

gum.

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

and xanthane gum.
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12C2. The range of neutralization titers of all the
tested sera is simlar for P33, P38 and P43. The
statistical analysis shows no significant difference
in the overall neutralization titers against all
three viruses. This suggests that the conformational
and non-conformational neutralization epitopes of
irRRtdr by RibvAY tebhis
vacEidh of AR AN o MBI i BRI el ues,
usingasavitableiantounhefi live yirus tosprgjde effeatide prategtion against rotavirus
V'éJ'thl t
lnfe&%Htv&lﬁ\bh@ﬁﬁlﬁE%n?ﬂJg%%% t@ffv\idgé ﬁ%@alé@%&n ’%3 {3ble amoun

ay were- not
of liveavinye wilf nereally be betweienr Of pae @’ fotusiggming Gzltﬁ ﬁfNéP@fr dose A

typnc%bg&éé‘ SGABGHY nggestﬁ@ serﬁ 10T ﬁ@%u gnfags@% Ay be § J'eﬁ in several

servation sug ormat 1 ona
dosesorves grpegedat tirne for exasmle ialtve siosemgiven with e dwemandiginterval.

Benghp@ n‘?é}ch %se%eeo b(é@ Bg ﬁLVIM Wiokd tﬂaﬁ?gﬁgg.g,ﬁ%%n’id"@ a3ord

anti - sera o accl at ed
dose;@gewmpaﬁwuiaﬁn I dayelopingngyeisies. Theiinterkal between doses may be

pey e Y
moré §§l§§§‘mt%fng\;vg ﬁ{bgﬁe&d&g@ €&n 5&%@@ ‘fgodagoit If\‘/b?lr‘:gg go\f' P{g}@le d%se or
for aFm@tlleudgm jegimen. @nd eptimatiiring foritke dosesheambegegertained by
stanhé}\‘i%mdlémn{/&ﬁhgl{;‘ gﬁﬁen}atloﬁ%mfﬁodg tltrQE aﬁ& B?%P?Jﬁg es nt'n subjects.

rotavirus str rom a ser T act ur
of a wvaccine conp05|t|on for the |nduct|on of an

The gé%eofgﬁé {P%‘rﬁ%n | 8154 gﬁ’stead’tliér\ﬁuta% jiG& vi'nfSeQ Por ﬁtecﬁon

. : he use CCO erelrn an '
againgt offen disepsesa ftiexamptel noyovmm Adigrnatjeely other swta@(ﬁ liveyirus

vaccin'%g %:rtdrgl éfﬂ)lfnl@ltr%%ftﬁér%é/ gﬁe@lﬂdé Q%q?gte%gé’ b¥Psn thé sam&e

use accor erein mrune response i s
occasiod @sdbe mgannuswamine compasifiop acoordingrtashaisventiopes,

t hese serotypes not being Gl or (®. 4. The use as

claimed in any of 1 to 3 wherein the serotype other
Seratfream tw@lveot ta® mostiy ald yrfants vacninated widh thed?i33 meteriakas described

in th%YgééI%g@Qngﬁ%fﬁege%ﬁ g"l’or r@ﬂra@atl %f P% P% 9’3? agi\ﬂ t%g-

e Use aecord
12C24 wherein an i nmune response is |nduced agai nst all
of the followi ng non-Gl serotypes: &, G3, 4 and 3.
6. The use according to any of 1 to 5, wherein the Gl
The naogaof neigralization titers ohalbthie ttested serarmsihﬂasfoa P8Bfé38&and P43.

The %t%t?s?ié%l{a%%lgégghgv% n8rsigsr‘ﬁ+|j%§ﬁta cﬁllférg (-,y inthé bl afnétﬂ};aﬁ%tfolﬁshters
against all three viruses. This suggests that the conformational and non-conformational
neutralization epitopes of P33, P38 and P43 are equally well recognized by the anti-P33
sera of P33 vaccinated infants. This observation indirectly suggests that the
neutralization epitopes revealed in this in vitro assay were not altered between P33, P38

and P43.

The range of neutralization titers of P89-12C2 however significantly differs from P33,
P38 and P43. This observation suggests that the conformational and non-conformational
neutralization epitopes of P33, P38 and P43 are not equally well recognized by the anti-
P33 sera of P33 vaccinated infants. This observation indirectly suggests that the
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vari ant defined by a nucl eoti de sequence encodi ng at
| east one of the major viral proteins designated as
VP4 and VP7. 7. The use according to 6 wherein the
conposition conprises a rotavirus having a VP4 gene
conprising, in the nucleotide sequence, at |east one
of the follow ng: an adenine base (A) at position

. adenij e sition '
neufi3atdioREPE, AR b o fnk Bk Aied BeReh Y2
andH83, B8& aad P4Bdi ng to 7 wherein the VP4 gene conpri ses

a nucl eoti de sequence conprising an adeni ne base (A
at positions 788 and 802 and a thym ne base (T) at
Highly srefercad ésttiodiments bhthegiresent gweation iScludthe use
according to 6 wherein the conposition conprises a
rotavirus having a VP7 gene conprising, in the
1. The Lsoofi aheateagated miaviais dtmairsfrorn aeG béerotype frolheondamidactiere of a

R Smeleorion B hhlcABrdY By iluE flpBlied it appigyius

Wh:ehﬂrmttGmcmﬁm 10 The use accordl ng to 7 wherein
the VP7 gene conprises a nucl eoti de sequence
conprising a thymne (T) at position 605 and an
2. Bheusawrcoriingdo 1favipreini andmnt@neatspanse ist aduliticd@lly indocad dgainst

Fleirs PR pE L PolRE RO BT 8RR Tus ™ havi ng
a VP4 gene conprising, in the nucleotide sequence, an

3. TSt ecbflingth 1 BAMrBNng i <pGn NS ik Od Hdlfist wo or

mbre rofavirgeseotypey) theseserotypdshet beia &t orda9.se guence, a
thymne (T) at position 605 and an adenine (A) at
position 897 fromthe start codon. 12. The use

4. Etmmeoﬁsr:gamed amgnyodf 1ltotdwiidreintthe semtypeotivaipasGl ico B9 s

745 1o slodtoRE el RS by 427 st 2 PRc by 6766 o

@1 1,iGrem3tappest4o the Gl serotype of the attenuated
rotavirus present in the conposition. 13. The use

according to 12 wherein the conposition is up to 83%
5. Theaiseciccordingrto any pbptd 4whereimén inrmcnerispondendinduded bgainst

AR QR aS H R B2 B oA (hese
serotypes being different to the Gl serotype of the

6. tetu%ré%%gggmg?t gX)I/ (r)y ‘? tdp § %r;éln Itt?e (ts?erzotg\%r OvSacE:me composition
comprises a single rotavirus variant or substantially a single rotavirus variant, said
variant defined by a nucleotide sequence encoding at least one of the major viral

proteins designated as VP4 and VP7.

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

base (T) at position 501 from the start codon.
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10.

1.

12.

13.

14.

15.

14. The use according to 13 wherein the severe
gastro-enteritis is caused by infection of a
rotavirus of at |east four non-G serotypes. 15. The
use according to 14 wherein the non-Gl serotypes are
X, &3, A4 and ® serotypes. 19 16. The use according
to any of 1 to 15 wherein the rotavirus strain is

oA o LG hs YB4 defe HBHIE RudboiE iR
eampprisinglan adenbeasedAhatiresitions £8hand 802ianstia thyminebakes@) at
?ﬁ&idﬁ%m fpaﬂ?kﬁe@té@%c{ﬁﬂbnnon" imting, exanples

ustrate the 1 nven . EXAMPLES Exanple 1:
Denonstration that strain 89-12 at passage 26 (P26) is

: : vPA N

PheChse ptep i to kg in BBt a W HE e iR ve7

grageeoMprising pindhegecientie spauenwey atieiat ooe of the follpadnga gghymine
S . "

(17 3Lyl B0 e 20128 B66tidroc A, Ylarie 5 pbsiton 207

frase dhe staghcedan: acti on was reverse transcri bed and

anplified through PCR in one tube/one step. Primers

Rota 5bis and Rota 29bis anplified the entire VP4 gene
Ehedusgraagendingro t7awtierein dhe VBT gead comprigsisi o nusaieatide sequence

Fr AR E AR TFLat Mifioh Bp5 3R] o SBnRE IRREESie @) a
postiige 88¢ franfthe stat dadom t he passage P33 sequence by 3
bases (at positions 501, 788 and 802 bp fromthe
start codon) in VP4 and by three bases in VP7 (108,

TBedseragcaddingde ahy ofrf tcht0, stherein thedmom)posifioe cpapsisepoa Rit@virus
. 4. \/] 0 t :

PG RV 6T Corfrsial NG iR aBbndi bl Bhine (et

pesitiank g@Hamti802randsa thymien(T) @t pesition: Skt from deessige cB®k; asd

vihePi i Vo Phedd odrifides 2n YA h@&‘é&iﬁe%ﬁu&;ﬁg?é‘%ﬁﬁém at

sequence scans Seem hohogenous 1N
positien 60% aedan aflenine (At pesitioTa® frord)the @rtRademge P38
(derived from passage 33) was passaged 5 tines on Vero

cells and
The use according to any of 1 to 11 wherein the composition is capable of protecting

against gastro-enteritis and/or diarrhea caused by infection by a rotavirus of a
different type to the G1 serotype of the attenuated rotavirus present in the

composition.

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

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

a rotavirus of at least four non-G1 serotypes.

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

serotypes.
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di spl ayed the sane set of VP4 and VP7 sequences as
passage P33 (AGW cell line). Thus there was no nmj or
change in popul ati ons between P33 and P38. TABLE 1:
A i gonucl eoti des used for RT-PCR and sequenci hg nane
sequence position VP7 Rota 1 GGC TTT AAA AGA GAG AAT
TTC CGT CTG G -49 to -22 Rota 1 bis GGI TAG CTC CTT
TTA ATG TAT GGT A -16 to 10 Rota 2bis GGI CAC ATC GAA
CAA TTC TAA TCT AAG 1014-988 Rota 7 CAA GTA CTC AAA

16. TG\ usd BcRTENGt &6 8o 1RotteerdiB tedbtaviads $ain TSTECAGT de@asit

R T T T
TCT CAT TCT CAG 682-651 CAA CC VP4 Rota 5 TGG CTT CGC
1 Gl B8 T 5 I o
2-23 Rota 6bis ATT TCA GAC CAT TTA TAA CCT AG 878-856

R e, A Wl o ST 207, 200200
296- 268 Rota 27bis TCG ATA CAG TAT AAG AGA GCA CAA G
721-745 Rota 28 Rota 31 TTC ATT AAC TTG TGC TCT CIT

ATA CTG 753-727 Rota 32 GIA TAT GTA GAC TAT TGG GAT G
EXAMBRBES070 Rota 45 CAT CCC AAT AGT CTA CAT ATA C
1070-1048 Rota 53 TGI AAC TCC GGC AAA ATG CAA CG
1205-1227 Rota 54 CGI TGC ATT TTG CCG GAG TTA CA
Exaf}il¢ 11RemonRyatior thabEtrahC89-T2 At fASsaAGE/RE6GR26)ISGa Mixture of
vari%ﬁ' 5-1487 Rota 40 TGG CGC TCT AAA TCT TGI CIT AC
-1465 Rota 39 CIT GAT GCT GAT GAA GCA GCA TCT G

1703- 1727
Sequencing of VP4 and VP7 genes from different passage lots
Sequencing of VP4 and VP7 genes from passage P26 (primary AGMK cells), passage
P33 (established (as opposéd to primary) AGMK cell line), passage P41 and passage
P43 was performed. Total RNA extraction was reverse transcribed and amplified

through PCR in one tube/one step.

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

different primers (see Table 1).

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

(108, 605 and 897 bp from the start codon).

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

passage P26 is a mixture of at least 2 variants.

The passage P33 sequence scans seem homogenous in VP4 and heterogeneous for
VP7 (see Table 2).
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Rota 33 CAG ATG CTG CTT CAT CAG CAT CAA G 1727-1703
Rota 34 CGA TCA TAT CGA ATA TTA AAG GAT G 2008-2032
Rota 29bi s CAT CCT TTA ATA TTC GAT ATG ATC G 2032-2008
AGC GIT CAC ACA ATT TAC ATT GIA G 2335-2311 21 TABLE

2:

sequence position

ol i gonucl eoti des used in hybridizati on nane
VP7 Rota 41 AGT ATT TTA TAC TAT AGT

AGA TTA TAT 882-913 TAA TC Rota 42 AGT ATT TTA TAC
TAT GGT AGA TTA TAT 882-913 TAA TC VP4 Rota 15 ATC
Pasgage RI (deTive Cr@n@EssaeC ) WRsQagsdgershtimen on Ved wlicaadT

B e e e

Thugtiereaps Toerichange in F@Bilatioes between £38wamdiR380l d t ype

in Table 2 are the sites of specific sequence
variation in

VP4 and VP7. TABLE 3:

sequence variation

TARE Vdiganudclagtidleg upedfor RTIPGRANYREquEEingbp 788 bp 802
bp 108 bp 605 bp 897 bp 167 as 263 as 268 as 36 as

A oL A oL N A oY B ul A L ALCNAN

gin: , g”; §SaUeh w’\‘} AR SARARA PR 4yl \,Z:‘ oénf‘n“
VP7A R AR AGA GAG ARTTTC CGTETG 6 | 49 to 22
Rota 1b|s GTTAG CTCCTT TTAATG TATGGTA -16 to 10
Rota 2bis | GGT CAC ATC GAA CAATTC TAATCT AAG 1014-988
Rota 7 CAA GTACTC AAATCAATG ATG G 266-287
Rota 12 TGTTGATITTIC TGT CGATCC AC 372-394
Rota 46 GGT TGC TGA GAA TGA GAA ATT AGC TAT 651-682
AGT GG
Rota 18 CCA CTATAG CTAATT TCT CAT TCT CAG 682-651
CAACC
VP4 | Rota 5 TGG CTT CGC CATTTITATAGACA 2-23
Rota 6 ATT TCG GAC CAT TTATAACC 878-859
Rota 5bis | TGG CTT CACTCATTT ATAGACA 2-23
Rota 6bis | ATT TCA GAC CAT TTATAA CCT AG 878-856
Rota 25 GGA GTA GTA TAT GAA AGT ACA AAT AAT 268-296
AG
Rota 26 CTATTATITGTACTT TCATATACTACT CC | 296-268
Rota 27bis | TCG ATA CAG TAT AAG AGA GCA CAAG 721-745
Rota 28
Rota 31 TTC ATT AACTTG TGC TCT CTT ATACTG 753-727
Rota 32 GTATAT GTAGAC TATTGG GAT G 1048-1070
Rota 45 CAT CCC AAT AGT CTACATATAC 1070-1048
Rota 53 TGT AAC TCC GGC AAA ATG CAACG 1205-1227
Rota 54 CGTTGCATTTTG CCG GAGTTACA 1227-1205
Rota 55 GTA AGA CAA GAT TTA GAG CGC CA 1465-1487
Rota 40 TGG CGC TCTAAATCT TGT CTT AC 1487-1465
Rota 39 CTT GAT GCT GAT GAAGCAGCATCTG 1703-1727
Rota 33 CAG ATG CTG CTT CAT CAG CATCAA G 1727-1703
Rota 34 CGA TCA TAT CGA ATATTA AAG GAT G 2008-2032
Rota 29bis | CAT CCT TTAATA TTC GAT ATG ATC G 2032-2008
AGC GTT CACACAATTTACATTGTAG 2335-2311
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N.B. In a second clone fromthe 3 clones which were
devel oped to the |l evel of production lot, the VP7 897
bp position nucleotide is G rather than A as in the
P43 selected clone. This results in a nethionine in
pl ace of an isoleucine in the amno acid sequence.
Variants corresponding to both the selected P43 cl one
and the clone in which there is a Gin VP7 at 897 bp
fromthe start codon, were excreted in the stools of

f dbe ceC ted with the P33 material.
TA[%LE ﬁg o&ugfégp a'? ﬁ@? @LZ& 'two alternative bases at
Art i ol ar nrolflr\n t+ hp ‘F]]:Qf nf t hp taan

L LA L% Fl ST U UTT, LA T crre LA “ar
re U@J‘%enfc fha ﬁgguen% ch -TalaVaF-Tal -B—a—ei-ok pOSltlon

VP7popLﬁ3%tPr46n and |tART ASE gridh TAC TAJ AR AGADTATAT | 882-913
appgears in a m|Ad®A pepul ati on. Major and ni nor variant
podRaa i4gns ar ¢ AGTAEN TTA TACFATIGETIHGA DTATTAF sil gealg13
i n|sequenci ng. |FAA P4 VP7 501 bp 788 bp 802 bp|[108

VP4bp |GRhahp 897 BATCLEECIRTRATATTECATaRCSFTRE 202 | 8367-783

299 6 Leu l e

g e

Ard PR 3Ret 11 ¢ )A'Frra/bT/é (%)% éﬁ am ng 8961783
ch‘nges resultilng fromthe nucleotide dlfference°
bet ween the variants. TABLE 4 VP4 ( 788 -802

The passistshows Jin hotd typedo Taples? aredhe dites®fGpeeific geqBe@e\vaiation in

VP4RpndYEY. Rota 15 Rota 16 Rota 35 Rota 36 Rota 41 Rota 42
Passages

TABLE 3: sequence variation of VP4 and VP7 genes

3.1
VP4 VP7
501 bp 788 bp 802 bp 108 bp 605 bp 897 bp
167 aa 263 aa 268 aa 36 aa 202 aa 299 aa
P26 A G/A G/A A Cc/T A
(AGMK)
P33 T A A G /A T/C AlG
(AGMK)
P38 T A A Al/G T G/A
(VERO)
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 resuits in a methionine in place of an isoleucine in the amino acid
sequence. Variants corresponding to both the selected P43 clone and the clone in
which there is a G in VP7 at 897 bp from the start codon, were excreted in the stools of

infants who had been vaccinated with the P33 material.

In Table 3.1, where there are two alternative bases at a particular position, the first of the
two represents the base which appears in a major population and the second is the base
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P26 - + + + nd nd P33 - + - - ++ + P38 - + - - + ++
P43 - + - - + - Slot blot hybridization The change in
popul ati ons between passages P26 to P33 on AGWK cells
has been further confirmed by slot bl ot
hybri di zati on. The VP4 and the VP7 gene fragnents
generated by RT/PCR mere hybri di zed wth

i AgB305h S5 SRS, HRF kb BN oplBBbAD riia o
the $tydngthdofaieslsighalhin Eﬁquaanﬂ:ﬁg. Rota 35 and Rota 36 and not

with Rota 15, the VP4 PCR fragnent of the P33
material, at positions 788 and 802 hybridi zed only

32 .
Wk Rota 1e—and—rot—wth—etrther Ruta;av,!,?ﬁuta 35
aor BPot a cO. raci Iic- ac-f hiichpad e oc .]c
T ot Ouvb - ﬁ b\.u\. uu11 TJCT II 5%3 ﬁ
at | eas?PORBPRaf | Pin s e R

),

\/P7 D"p1$7§@_,;Lné§gﬁ_|_k p a8 Q233 ggga
ri fii Zbel wi | nORESlY 41 GIMAra Aot Ag2. [THEEMet ek ul e

(AGMKh| i shed the preserce of at] least tho variahts in
R3% PB3 Phait ef i alGlu ExdnplAsg2: || &69/Af9 on Matdhr |  lle/Met
(AGMK) acteri zat| on of the P43 cllone Ta ilsolate PR3
Ra8npohenPke as| a KogdnedVig vilr Asg/pepul atMeh, | hMellle
(VER@) pbint dijutions of P33/ A on Vero cells|lwere
R4Sy f of ne@heand| t h&lu esyl t iArg viJr usArgas juseldet o | i nfllect
(VEROD fells. Ppsitive yells werle sel ectled usingl two
criteria: growh denonstrated by the |argest nunber
Tablef3.Z sfwiwstthé entiraadic chargyeseésultingrfcbn the nusteotide diffatendges
betweenithie vatianesl. | s on the plates, as is done classically.
After 3 end dilution passages in 96 well mcrotiter
pl ates, 10 positive wells were anplified successively
TABbE 4Vero cells and evaluated for their yield. Based on
yield, three clones were devel oped to passage |evel of
produftion | vk4 ( 788180Dpesitionsi)t i on by MAA/(CSSTr@dsition )
ant i bpdi es was shown to be simlar bgth between the

threef glgnes [and bet egus t he] @-anes gd P33. G
PIBFRIERGE %5 QTRJtA96C!|0RGa 3593 RRESSE S § RotdY1S! ORoMa 92
pasg%ggl dizatTorn.  The fijnat_ sef ¢ction off a single clone
pog WS DESEU Oy et d—ard, SequgyCE: 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).
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The sel ected clone was anplified by successive
passages on Vero cells to generate a Master seed, a
Working seed and finally production lots. 24 The

sel ected cl one was genetically characterized at

di fferent passage | evels by sequencing of VP4 and VP7
(identity) and by specific slot blot hybridization of

h d VP7 0 eneity) of th . i fied
For ks Y BCE et ot et Trter epntionLay mobra it Rfa 41 and
Roté he. PhSsambelld ddtatlicRedlinégiedancElofl Bt I88st twagliahts in the P33
rﬁ%pectivel y and are identical to P41. Honobgeneity of
MaLHA- sel ect ed cl one was assessed by a sel ective

hybri di zati on using oligonucl eotide probes
Exaelf g d=qlafon af Ahaiaeterizatibnandng PAACIRI4 g sequenci ng

of P26/ primary AGWK (see Table 4). The VP4 fragnent
ro GRSl b B
RS B Al B Ve TS oS S i e ea o

inf Sgenti{gl adventitious virus Ether was added to P33
'ne‘i(1 Exe own) to a final concentration of 20%for 1 hr.

Et her was then bubbled out with N2 for 35 min. No
i mpact on the titre of P33 seed was observed. Exanpl e
4: Fornul ation of a live attenuated vacci ne The

posff U e R R BB By roes
Bt Q16 bR M 6 BRSO LB g s, oo
s dofffassiteibbrdater f S dhortbsapte e RO Riche figs i posiive
worf el s0a eSSV it SO kel BV
further diluted with |yophilisation. stabiliser
(sucrose 4% dextran 8% sorbitol 6% am no-acid 4%

up to the target viral titre, in this case 1056
ots of stabil

ffu/d 0.5 M ali i sed vi .
Based gL ISR, Poee plPsatirpietalors? (bamspes Y o grofstion ot
Imm¥rlepg|5§3'gn§|?>§ Byﬁé}bﬁ/lcﬁqél érgﬁgplgg Irfvtglsias}-ulg&Q icl) be glgnilvamr B&h Petween the
three clones and between the clones and P33. Homogeneity of the clones was assessed

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

sequence.

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

Master seed, a Working seed and finally production lots.
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dri ed under a vacuum the vial is then fully cl osed
and an alumniumcap is crinped in place around the
vial to keep the stopper in place. For use, the virus
is reconstituted using one of the foll ow ng antacid
reconstituents: (a) Ctrate reconstituent Sodi um
citrate is dissolved in water, sterilized by
ThelSclech el 0K A8 gty Hllrdr8R %) Bl bikBge teyels by
sequenaiehef\di4 and YP7 Gdentity) andd3Gipecific sloPbiathybedizatidhndf the VP4

andgﬂfﬁﬁ(homgfﬁg@geﬁﬁéWémﬁfﬂ@d%&%ﬁ%f.n?‘“e BEqdeRke B1RERIFR and
vials, “or mvials, or SYFTRySs, cor Sof t
VPgenssiaf theqRasematsriel aragivends Figuresot and 2 sadpecdtivetyrandiase.

ider@é%l% pakternative to maintaining sterile conponents
er sterile conditions, the final container can be

autocl aved. (b) Al (OH)3 reconstituent An aseptic
HorR e AThe Koloatks Pong RRASL ARa S llive nidrRhBIR higo

oligenusiestide probies discripioating tualentide chargeasdn ¥Pdfand/cs ¥RTpegiods for

: , [ Sh in
eack] e e g SElet Rl 2o AHERF ARME FAESREE,
alternative to using sterile conponents under sterile
. . . r
Tho SR Ao AT njetick B 512 o2 ol RO X, B LRRbE s,
The Vifrfeagimant bytridized vdthiRiztd 411 @ndmet with RokedZ uspensi on
fromsettling. Such standard ingredients include for
exanpl e magnesi um st earate, carboxynethyl cel | ul ose,
Thesgyrgsulisyganfipyedibehi43 sld bbrosgeneous populational | i ne
cellul ose, and silicone polyners. Bacteriostatic
agents for exanpl e butyl paraben, propyl paraben or
Examplee3: Removal of patactialradventitious sigesit s used i n food,
and flavourings, may al so be included. 2. Lyophilised
virus with AI(OH)3 in liquid formul ation Standard
Ether wah addecbty RIX(AGMIS gfawvn)jo agiaal copcentralion b 2e%.fort bz efther
L [ u IS . thawed and dil.ute Lt h
wes g EubBIR bl Bl et o A Giea®{ G (it BLEdS s0ed was
obsepxddbecco’'s nodified eagle Medium up to a desired
standard viral concentration, in this case 106.2
ffu/m . Al um nium hydroxi de suspension is added to
Examplecti Borimulafiomofative pttehudt@dnapcdimee and t he virus
conposition is diluted with [yophilisation stabiliser
(sucrose 4% dextran 26 8% sorbitol 6% am no-acid
The prtdiuciionials tdascribad gbovey aredbrrhilated fori oraltdinsinstation Iddfants by

f 0 0.5 m aliquots of stabilised virus
thef@gﬁ/ff%srﬁ%h%' are aseptically transferred to 3 m vials.
1. Lyophilised virus

Standard techniques are used for preparing virus doses. Frozen purified viral bulk is
thawed and diluted with appropriate medium composition, in this case Dulbecco’s
modified eagle Medium, up to a desired standard viral concentration, in this case 1052
ffuml. 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 mi aliquots of stabilised virus composition are aseptically transferred to 3
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Lyophilisation and closing of the vials is then
carried out as described in part 1. 3. Lyophilised
virus with AI(OH)3 for blister presentation Standard
techni ques are used for preparing virus doses. Frozen
purified viral bulk is thawed and diluted wth
appropriate nmedi um conposition, in this case

mi \E%"Léb SQ&PVIél is Cﬂa'rﬁﬁx t‘é?)g{ag wi & rHGrl%eﬁ Ilég)p&)grs ghe:?%azhég % freeze

_ ard viral conce I on,
driefifundet a vaduym, mmvwlhgrﬂ\eoiuIU'eclcsagg@e\dan@iumisibadmismmped in

ladk [ | : / dose and the virus
pa eeé}sg}]sﬂh%g!}glios [ Ir}h%é%}pan&t'ﬁ%fé%phl lisation stabiliser
Whl ch may be sucrose, dextran or am no-acid 4% or

For 9@& %é Oanﬁoi% 5 {I@edgg%ocg% c%f?ﬁ% féos en&%ﬁtaﬂﬂ rE?or{snﬁ"xents

f||||ng operatlon is enpl oyed to transfer doses of

a @:1t%t£‘1rec%st%&fterabl y less to blister cavities. The
| yophilised, and the blister cavities

Sodmrecitratel ie disbgivechiarwter, stesilizaddhy flipatioprandlagepticaliyliansferred into
recdn@ﬁ’t{.l@t‘ﬁI %ﬂf & i .55 %ﬁﬁ%nﬁ%%{@%ﬁﬂaﬁ@ ﬁ%ﬁh;:n 4

suspensit on

Nas@#@f%@lﬂ:&lﬂq .90l dage. Toe remphentrmngtwwm may dedarr exagiple 3 ml
vialsC BF 29 VIERS '3?’? oA ls%g%?éeor JB@JIQ ﬂam%t Eﬁl?g fdf IoPag'\l ©

mcrocr stal i ne I cone
admiriistragion. Ag an mﬁymatmatomammlmgjetdnle @oermphewts undmmlle us

conqoﬂldiﬁ thte'fﬁwﬁpédn?é} rQ:ran\f)%r%u?&:? aved! MUl ations

I son etmeen ose’ and sucrose based
fornulatlons Table 5 Batch no Fonmulation Viral titer

ter after conposition |Iyophilisation
(b) ?@3‘3?%??%4; UShi and 1 week at 37C 98GD6/ 01 Lact ose: 2%

An asepfoalumidium bydrofide suspensin (Bylabta -otradiérpark) is aseptically diluted

in st@é pater, %%épﬁélly ﬁgflg}rg tds}'é Rgtﬁ%%f(%gr}t%%g%g(f&%xém%% 2ml

syringes, or soft plastic squeezable capsules) in 2 ml amounts each containing 48 mg

H»

Al(OH)s. An alternative to using sterile components under sterile conditions is to y
irradiate the aluminium hydroxide suspension (preferably at a diluted stage).

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

2. Lyophilised virus with AI(OH);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
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P43 rotavirus was formul ated either with sucrose or
wth |actose as shown in the table above. Viral
titration before Iyophilisation is the viral titre in
the conpleted fornulated liquid (containing sucrose
dextran sorbitol am noacids) and w thout the

| yophilisation step. Good results are those in which

o & <O og decre at the lyophilisation step a

8% 3o g SrmBBASELIel I o ardetviral i, mre-sries 10 Hurdose.

0.5 maslmb&rcﬁtsmbmsﬁ@bims éc)mﬁd%ﬂt tohtaaé Qsétﬁlballs'\'t%feﬂéﬂ to 3 ml vuals
t he ra Qn. . I's a

Lyoptif5atign & Boging &f faniatsischieamed eiieaesapasn aaid.

i nstead of |actose. 5.2: Effect of arginine and

3 re cement qf lQltol b‘y maltitgl: Table 6 Batch n
Jﬁ@%ﬁ%‘?ﬂm ! S\t Jor blister prasentalion 4| titer after
corrpositi on zero after lyopjhilisation and 1 | o
Kk 7 L1 1L 2%
stargerg S0 fen s i SSL5F BRI NG YHUS dgheRo Rireaa ool vial bk s
thaw@d andi@il0Rd vt ppeoptitite li:@dlﬂnﬁcohﬁboi‘,ltﬁn iPeRi$ E:é‘éb Bifbecco's
noAci.ds: 2% F‘L\%I nine: 3%9

modBl gy N irloR deisd sERIeRA TR oqGRal Rt Bigcase 10°2

fiu/mhmAROAGiuhSHYdPOXIdY flispengon i8%4AdlbE td R20h bFi ndﬁfﬂéﬁﬁﬁﬁoﬂms mg/dose

and I S5 §Btee lanRisolion sabiler Wgich may be sucrose.

dextdawwhtﬁuhcié&ld @rs, @ﬁ@el@hﬁ Qr RE b%t@ebaﬁk&tﬂﬂiﬁldﬂfbltﬁb target
stomach acidit

viral ﬁé? A }J‘é gu{aﬂé SRS gtﬁeepgqctfr@mg operation is employed toyt?'ansfer doses of

0.5 ml or preferably less to blister cavities. The composition is lyophilised, and the
blister cavities are sealed by thermic sealing.

Optionally standard ingredients are included to prevent the aluminium hydroxide
suspension from settiing. Such standard ingredients include for example magnesium
stearate, carboxymethylicellulose, hydroxypropylmethyicellulose, 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 5% 10 492
Dextran:4%,
Sorbitol:3%;
AminoAcids:2%
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28 Sorbitol tends to decrease the glass transition
tenperature of the |yophilised cake by too great a
degree. This can be overcome by using nmaltitol instead
of sorbitol as shown above and the viral titer is
still maintained. 5.3: Various fornul ation
conpositions This experinent denonstrates that a
nunber of fornulations are possible. Table 7 Batch no
Fonul ation Viral titer before Viral titer after

P43 {REHRR e omp et ith S BT crasg e Wiy 16508 sohown in e bie
aboveext r an: 4% Sor bi toI 3% Am noAci ds: 2% 99C1 1/02
[ ti 3%

. SUCI.O % 9 t
Viral At %ﬁ?ftzl 'Z%q‘“&ég‘i“ Tﬂbﬁ"'ﬁéi’ fre é[htth& @ 'i‘épeg liguid
(contdirliig $wirostdextan Boritolminbacidis) ot withohtana! Iy@bhuwsatMn slp.
titer at tinme = Viral titer after conposition zero
after lyophilisation and 1 |1 o hilisation week at 37

Good 8siilté Brk thusy inssticVa <05 bgletfbase é&theﬂﬁ)&ﬂ@éﬁoﬁoﬁtep and <0.5
i 0
log dggr%gli%gﬂn < / Dé)‘?’tefegﬁ é‘&’j% % ccePeraCflg %t%%mt%l{gét?gree azcé ev%

The precision of the viral titration is around + or — 0.2 log.

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

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

Table 6

Batch n® Fomulation Viral titer at time = Viral titer after

composition zero after lyopjhilisation a
lyophilisation week at 37°C

nd 1

98L.16/01 Lactose:2%; 1048 10 42
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%

98L.16/02 Lactose:2%; 10 48 104°
Dextran:4%;
Sorbitol:3%;
AminoAcids:2%
Arginine: 3%

98L.16/04 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.
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Sorbitol:1.5% Am noAcids: 2% 99C17/03 Sucrose: 2% 10
5.31 10 5.24 Dextran: 4% Am noAcids: 2% 99C17/04
Sucrose: 2% 10 4.42 10 4.45 Dextran:4% Maltitol:3%
Am noAci ds: 2% 99C17/05 Sucrose: 2% 10 4.39 10 4. 40
Dextran: 4% 29 Maltitol:1.5% Am noAci ds: 2% 99C17/ 06
Sucrose: 2% 10 5.44 10 4.97 Dextran:4% Sorbitol: 3%

Sori oo fo qBEREe lae gl ramifon PERCIATRSLICHAPRIEF ke by o0

greaﬁb(c@d)éb IRisaah ;ﬂ>e ov@ﬁbhﬁ By lBQ’(g&Vialhwﬁllnlédeé@d] SorbidPas shown
trifu upernatant Pellets tine at on
ab°¥ﬁ?’&?‘?‘ﬁuvf’€a't?fds§ '&meﬁ%é{ roomffu/n in ffu/n
tenperature 1056ffu/n1 48 ny in 0.76 30 mn
240mL m 10 mn 10 5.6 ffu/m 0. 48

5.3: g%"PHgg]’Ff%"'é °'Pn°ﬂ"‘e§’06m°ﬁ'ﬁ1 10 4.41 0.240m ni 10 nin

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

Batch n°

Fomulation
composition

Viral titer before
lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

99C11/01

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

10 524

1 O 5.07

99C11/02

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

10 5.09

1 0 4.92

99C11/04

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

1 O 4.89

10 5.06

Batch n°

Fomulation
composition

Viral titer at time =
zero after
lyophilisation

Viral titer after
lyophilisation and 1
week at 37°

99C17/01

Sucrose:2%;

10 5.40

10 5.41

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

Sucrose:2%; 10 5% 10 493
Dextran:4%;
Sorbitol:1.5%;
AminoAcids:2%

99C17/02

Sucrose:2%:; 10 >3 10 5%
Dextran:4%;
AminoAcids:2%

99C17/03

Sucrose:2%; 10 442 10 +%°
Dextran:4%;
Maltitol:3%;
AminoAcids:2%

99C17/04

Sucrose:2%: 10 43¢ 10 440
Dextran:4%:;

99C17/05
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10 5.6 ffu/mM 1 mM 30 mn 8000rpm 10 5.68 10 mn
Rotavirus in 12 ng in 1.38 30 m n 8000rpm Below 10
4.7 Lyophilised 0.120m Om 10 mi n detection Cake
Al (OH)3 is used as an antacid. This shows that

Rotavirus is associated with the

i nsol ubl e i norganic
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99B10/ 06 |i qu
formul ati on b

associ ated w

9981i5’6§. 53 10 4§

Lyophi | ise edesopbitalad%:(i ncl

99C3d1a6l es Di ssl Sudrase:Bendi ti onstoA4 al
| Bexdranop:Na3Ci triat e 24h at room
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titers fff

phil'i sation

10 1Y

10 5.11
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o Al
1

is possible t

|1q14.39| oom
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o
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After

| yophi li sation,

It

is possible to recover the

Rotavirus by dissolving AI(OH)3 in SodiunCitrate.

5.4: Ausochition bédwsen Rotalaviedhd ARORRantadids and

its activity after this dissolution step. 5.6:

retains

Tablker§f ectivity of Rotavirus after |iberation of the
Al (OH) 3- Rot avi rus associ ation: The nechani sm of virus
Rotdvirder af AROHE,bY i 5> JTCéntadt Of [tduntfagatl ¢ SupEmatare] Pellets
wel I ogccur in |vivo.|dmélged belgaw pH 6, | giraiidHin M viral titer
hydr oxfi de beconTes cqdrebmt el y qol ubl e, anéytmhius, in ffu/mi
Rotavijrus will |be |ilkempbeflurkr) the stomach. Al (OH) 3 +
105-8m'#i‘h|"4§2%6'i 4 .60 mitl UP! Heodprpnt e g 25ne
IRy T 0o LS o |
10 AfBl 4| 0-48 819riRt | BfP i| BB gast B9POPEStL i ndP T T ack,
Procedd]-&4¥mof [tWle Nutrition $d6ireiny (1999), 58,
10 *A#Tm1 53) . 1ml | 30 min 8000rpm, | 10°%%8
10 min
Rotavirusin | 12mgin | 1.38 | 30 min 8000rpm, | Below 1047
Lyophilised | 0.120ml Omi 10 min detection
Cake

Al(OH); is used as an antacid. This shows that Rotavirus is associated with the
insoluble inorganic salt (Al{OH)s) since it centrifuged together with the Al(OH); (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 51
formulation before temperature

lyophilisation;

10 5.43

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

10 %43 temperature
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In the intestine, due to the increase of pH, insoluble
forms of alumniumare precipitated (A (OH) 3 or
AlPO4), and elimnated by the natural way. It is
unknown whet her the newly forned Al (OH) 3 (or Al PO4)
precipitate will be able to re- associate with free
Rotavirus. This raises the question of the infectivity

Wi RERRIG e b caBa il the B ORRY BBl b Maphiiss evervtning
(inchuslingcthe Al(O) )y Aftehigophilisatiamiitssrpossible &d recoysn ¢ Botavirus by
. ' f,or. &, .l nterfere i Vil :
s RO STyl R SeS Aif Bovius ans
retaingl ifsaaobiyitycafieh thimdiesclutibnpdtersphat e are known to be
specifically adsorbed on al um ni um hydroxi de, thus,

theoretically, it should be possible to displace (by
5.6:dofestivity iob Rotavirusiaftes diberationaf the A{OHReRatdvirus assodiation:

el AR 05 )  Sr EPY fp e
vivorinded batow. pH Gaatuminiumy bydroxide Bemnqgnon@leﬁalg sfmmé' ahdithus,
R SR RARERT neignghtl on I O raLe elow

the Rotavirus - Al (OH) 3 association and the |iberated

it ArOH TS AL ANty Ul AR T e St ommch,

or by Na3Ctrate in vitro) or by displacing Rotavirus
n R BnRIE AT AR ol BAT ). il MBI g o
Thoimpewhi Thegegulinaofimineraladsorptioo s thetgatstedintsistival Wratler  and
Prodliedinds 3f tha'Nuthité Society (1999), 58, 147-153).
In the intestine, due to the increase of pH, insoluble forms of aluminium are precipitated
(AI(OH); or AIPO,), and eliminated by the natural way.
Itis unknown whether the newly formed AI(OH); (or AIPQ,) precipitate will be able to re-
associate with free Rotavirus. This raises the question of the infectivity of the AI(OH)s-

Rotavirus association itself.

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

31




parts. The first part, considered as the reference,
recei ved an additional volune of water. The second
part received 24ng of Al (OH) 3 suspended in 0.240 m of
water (Preclinical viral titrations). 32 DRVCO0O3A46
1.5mM H00.750 M 0.750 M+ + 0.240 mM H20 24 ny
Al(OH)3 in 0.240 M 1 hour 1 hour 5.55 6.22 Wen
Al (OH)3 is present, Rotavirus is active and the viral
titration value is hi gheDRoB2é to the reference
sanpl e. This experinent was repeated w thout dividing
the lyophilised dose, antlhg AdoHyy 12 ng Al (OH)3 or
24 ng Al (OH)3 Here the refigpangeamisanpl e was the one
reconstituted with a Ctrate-Bi carbonate buffer.

Thus, the viral titer is g&gal %}gher in the presence
of Al (OH) 3. DRVCO03A46 DRVQ003A46 + + +
1.5 mM W buffer 12@%@% ng AL(OH)3 in
0.120mL in 0.240mM + + 1.3%52&)11 EIZO 1.260m H20 5. 34
6.24 6.05 5.32 5.95 6. 28 M8BOM L. he exanple above,
Rot avi rus associates with th.e+ Al (OH) 3 particles, since
the virus can be di scar §estrifygatient r i f ugat i on.
DRVO003A46 is a | yophil i8868¢pfmolmimt ed Rot avi r us

P

Culot Supernatant
+
dissolution
in Citrate
below detection 3.8

Thus, Rotavirus may be liberated from the Rotavirus — Al(OH); association and the
liberated Rotavirus remains active.
This liberation can be done either by dissolving Al(OH); (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).
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(Sucrose: 2% Dextran: 4% Sorbitol:3% Am no-acids:2%.
DRVCO03A46 DRVO0O03A46 + + 12 ngy AL(OH) 3 24 ny
Al(OH3 in 0.120 M in 0.240 M + + 1.380 m H20
1.260 M H20 + + Centrifugation Centrifugation

8000r pm 10 8000rpm 10 mn m % Cul ot Supernat ant Cul ot
Supernatant + + 1.5 nml 1.5 nil SDSAA SDSAA 5.78
<1.44 5.92 <1.44 5.96 <1.44 6.11 <1.44 SDSAA=
Sucrose 2% Dextran 4% Sorbitol 3% Am no-Acid 2%
According to the vira @‘% carried out on the
super natant, the quan needed to adsorb
Rot avi rus seens to be Io fglégrtlng wi th one

| yophi |l i sed dose 5.7 1 4 ing Up viral
titration): Table 10 Al (OH) 3 Adsorption tinme Titer in
supernatant 12 m1 hour RT 2.7 24 ng 1 hour RT 3.4

48 m 1 hour RT 3.4 ng 1 ur RT 2.0 96 ng 1 hour
RT Bel ow det ecti 12 m Overnight 2.7 34
0.750 ml 0.750 ml
+ +
0.240 ml H20 24 mg AI{OH)3
in 0.240 ml
1 hour
1 hour
5.55 6.22

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

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

Here the reference sample was the one reconstituted with a Citrate-Bicarbonate buffer.

Thus, the viral titer is again higher in the presence of Al(OH)s.

DRVC003A46 DRVC003A46 DRVC003A46

+ + +
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
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24 nmg Overnight Bel ow detection 48 ng Overnight 2.5

12 ng I medi ate Bel ow detection 24 ng Immediate 2.0

48 ng | medi ate Bel ow detection Tinme needed to adsorb

Rotavirus on Al (OH) 3 seens to be short: One dose of

| yophi lised Rotavirus was reconstituted in presence of

24 ng Al (OH) 3, and centrifuged after 0, 15, 60 mn

: The. tcul ot " were . u i S .
P 08 A e Ry il a0 RO BR e v
can bediscardied by cettrifugatidn. DIR\ECAOBAUG ima tyophised<arrdulated Rotavirus
(SuctostO2 s p&tran’ o ithfol 06! Amido-Adids 9oy US| NG CacCB as

antacid I'n ordet"to avord alunmni'Gmin the vacci ne,

the antacid Al (OH) 3 was repl aced by another insoluble

I nor gani c ' (cal ci um car bo \)
phenonena])(i)?}séegro\?gggv?th CaC33 are pa?%f?éezpo%%% hose
descri bed %{gr A 3: - Associati 02 Ofgd&éﬁ%r us
with the | &9% salt: - Maintai nafic8 vi rus
activity wht ciated with the i norg##0mby ¢ -
Possibility off|iberation of Rotavirus frbmthe
associ at i d388mld23 ol uti on of the i rodG@eaml H2Qase by
an acid; - Possibility of co-lyophilisati®tn of the
antaci d aQenttifiggaRosavi rus. CaCO8 anderaifagitions
associ at i og000fpm.10i rst trial, |yophiggodgsm RohdMi r us
(viral titer hin?) Was reconstituted with a suspension
of CaCOB M wader (50nmy in 1.5ml); a the?\

centrif 9ed, and the viral titer of tHhe supélnatant
conpar Q‘Focto t he SypFEmatant 35 DvaoosAltJl;%mDvaoo%matant

1.5ml 1.5 ml
SDSAA SDSAA
5.78 <1.44 5.92 <1.44
5.96 <1.44 6.11 <1.44

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

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

scaling Up viral titration):

Table 10

AI{OH)3 Adsorption time Titer in supernatant
12mg 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

34



+ + 50nmg CaCAB 50 ng CaC8 inin 1.5 mM HO1.5 n
H20O + + Centrifugation Centrifugation 8000rpm 10
8000rpm 10 min mn Cul ot Supernatant Cul ot
Supernatant + + 1.5 nl 1.5 nlL SDSAA Na Citrate 5.83
4.46 4.33 5.88 This indicates that nore that 90% of
the Rotavirus is associated wth CaCO3. Al so, when

s_associated it was anQi hle to realjise
2490 titrati rtp‘@fﬂightn recover | Belowdetgcian vir g
48mdantities |AVeMightiral titers|&be slightly higher
that those ¢btained wthout Ca . DRVQO03A46
12 pRVQD03A46 | dmmediate nl H20 1. 5| Bélow détdcti®uf f er
24 @gnt ri f ugat i émm@0IAG pm 10 ni n | 2.Gul ot Super nat ant 5.{03
48 ig35 36 4. Ytn@ediate t y of CaCO3Below detdctivmn r us
associ ation Lyophilised Rotavirus was reconstituted
with a CaCa3 in water (1.5nl):
Time needed to adsorb Rotavirus on Al(OH); seems to be short:

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

before viral titration:

Table 11

Time Culot Supernatant
0 min 5.26 3.17

15 min 5.34 <1.44

60 min 5.96 <1.44

24 hours 6.13 <1.44

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

CaCO,and Rotavirus association

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

supernatant compared to the peliet.

35



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

Cul ots Surpernatant Culots Surpernatan t 100ng 4.57
3.01 4.79 3 09 50ng 4.17 4.15 4.22 3.86 10ng 3. 17
4.77 3.87 clearly, nore virus is
associ at ed ang (Pﬂgs is found in th@%ﬁ()gg%‘gq ant . ‘
However, fu se i s not conple ver ed
(expect ed a Eﬁcgg 5.3 at least o gg{q&@% as

obt ai ned earliédf - see above). CaCO3 Prdfection of

Rot avi rus dufd WbHQQDy Rossett-Ri ce adta@ H20i tration
Usi ng 10 doses bf |yophilised Rotavirus {tDRVO003A46)
and 50ng ofCepaif@gstionno t ypes of balSenRifsgaion- Ri ce
titrati on w8be0rpmrkd ed out: In a cl agéd@rpmoNsett-Rice
titration, themantacid is m xed wth Rofawi rus and HCl
is poured into this nedium In the "inverse" baby
Rossett-Rice, the situation is the reverse: antacid is
dropped into, the HCl pool (as it occurs Vi vo).
Table 13 d #5sic baby Rossett-Rice \%on L o hi.
Rot a Buffef Theor®tical Measured 37 red Viral
Titer ViFalot Tit eSupetgatd® ny CaCO3 Gulgt 4. 6 Sups@as ny
CaCB 5.3%4.6 4C 24 ng AI(OH) 3 5.4%<2.9

1.5 ml 1.5ml
SDSAA Na
Citrate
5.83 4.46 4.33
5.88

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

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 CaCOs.

DRVC003A46 DRVC003A46
+ +
1.5 ml H20 1.5 ml
+ W.L Buffer
Centrifugation

8000rpm 10 min

Y N\

“Culot Supernatant

5.03 5.35
4.99
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-80C 24 ng Al (OH)3 5.4 <2.9 Inverse baby Rossett-Rice
titration Lyophi. Rota Buffer Theoretical Measured
stored at: Viral Titer Viral Titer 4C 60 ng CaCO3 5.3
4.6 -80C 60 ng CaCO3 5.3 4.6 4C 24 ng Al OH 3 5.4

<2.9 -80C 24 ng AI(OH)3 5.4 <2.9 Thus, in this in
vitro experinent, calciumcarbonate is able to protect

about 20% of Rotavirus fromthe presence of HO,

Quifit & BabB, Il RANANEbodiiydll 201 ° 100 0 2
titer at

antacid: Table 14 Batch no Conposition Viral

Lyophli bl o BhorRih fi wih S0 0.SnestRRl e 1 SR,

10 5028910 5.10 Dextran: 4% Sorbitol: 3% Am Acids:
2% : 50 m 99K08/ 02 Sucrose: 2% 10 5.16 105. 15
Dextran? 4% Sorbitol: 3% Am Acids: 2% CaCO3: 60 ng
000280019 Sucrose: 2% 10 5.07 10 469 Dextran: 4%

and%rpti:énﬂjifﬁggdo,/ ‘hné‘fﬂe \'/??%i f?tgf of?tol'l/% sﬁ:gle%:anpc%n%red to 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 4.17 4.15 4.22 3.86
10mg 3.17 4.77 3.87 4.87

Thus, clearly, more CaCO; 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 CaCOs, two types
of baby Rossett-Rice titration were carried out:

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

into this medium.

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

the HCI pool (as it occurs in vivo).

Table 13

Classical baby Rossett-Rice titration
Lyophi. Rota | Buffer l Theoretical I Measured
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Xant hane 0. 3% 60C24/ 03 Sucrose: 2% 10 5.07 10 4.85
Dextran: 4% Sorbitol: 3% Am Acids: 2% 38 CaCO3: ng
Xant hane 0. 3% OOEQ09/ 25 Sucrose: 2% 10 5 3 10 4.91
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCOB:

Xant hane 0. 25% OOE09/ 30 Sucrose: 2% 105.01 10 4. 87
Dextran: 4% Sorbitol: 3% Am Acids: 2% CaCC3: ny

égﬂid']&{ne Q. 30% 00F26/ 06 Sucrose:. 2% 10 4.50 10 4,70
04 Cnr hl t r\| - 304 Fﬁl Tﬂeﬂ ds ?OM"'Q",I@'R Tg

| st4iCh. od 68img CaCPRe|"al| 58 one” |- |yophilisalion
of80R6t avi f uS0 agiCa@0Aaciid (Cas:B88) togetherqpn the| same

vi4dc To przwﬁ@tA'gmqbigmmt atigy of CQaCB thy TITT| ng
stgpc ViS¢ € negged. uanpl g5 pf—suth
S di IO e X eh—The

VI SCOUS a entb Illbl tde Xantthane Gty atd—SEH
tv—is—pmri-ntailned even in the presence

Rot-avi+ts—actiw
nt ha l{yemw g%yq Rgs tgﬁlce titration
Lyophi. Rota Buffer Theoretical Measured
stored at: ' Viral Titer Viral Titer
4°C 60 mg CaCO3 5.3 4.6
-80°C 60 mg CaCO3 5.3 4.6
4°C 24 mg Al(OH)3 5.4 <2.9
-80°C 24 mg Al(OH)3 5.4 <2.9

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

5.9: Lyophilisation of Rotavirus in presence of CaCO; antacid:
Table 14

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

99K08/01 Sucrose: 2% 1052 10 %10
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOj;: 50 mg

99K08/02 Sucrose: 2% 10 316 10 5%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs: 60 mg

00C24/01 Sucrose: 2% 10 %97 10 4%°
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCOs: 60 mg
Xanthane 0.3%

00C24/03 Sucrose: 2% 10 597 10 4%
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
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5.10 Lyophilised tablets for quick disintegration when
pl aced in the nouth: The follow ng fornul ati ons

denonstrate the "lyoc" concept.

di ssolution of the Iyophilised cake in the nouth.

That is, quick

Tabl e 15 Batch n Formulation Viral titer before Viral

titer

conposition |yophilisation

j-sation and.1l week at 370 99B10/06 Sucrose 4%

lvanihi |
—y- St
105.11 1
99C11/12

CaCes: 6(8mdi un
KXahthah®0.3%90 1

glutamate 3. 7% Al OH 3 48ny
D 4.18 10 3.79

Al (OH) 48ng

OOEbR&BOXY P
Fonul at i

 saybs@tdgyl - ¢

1@ ssose:

1% 39 fpdech no

aﬁeﬁp}m@g%tion Viral titer atogi gﬁd: Viral

titer af L ebitdC59) after lyopjhilisati
| yophi | i P 8?1_ ‘week jat 37 00024/ 05 [Sucrose: 2% 10
5.02 10 poeuACiHE @%an:| 4% Sorbitol: 3% Am Acids: 2%
CaCOB: 6pCag0: @maang 0. 3% 00024/ 06 |Sucrose: 2% 10
4.86 10 yXa&dhareeXR6%n:| 4% Sorbitol: 3% Am Acids: 2%
OOEGHSEB8: 6lSidoseXang hang {p 8% 10 47
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
CaCO;: 60 mg
Xanthane 0.30%
00F26/06 Sucrose: 2% 10 4%0 10 47°

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

This is the “all in one” - Iyophilisation 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 %" 10 4%
Sodium glutamate 3.7%
Al(OH)3 48mg
99C11/12 Maltitol 3% 10 18 1037
Al(OH) 48mg
Hydroxypropylmethyil-

cellulose: 1%
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00F26/ 11 Sucrose:
1.5%
2% In the "lyoc concept”

Sor bi t ol :

1% 10 4.70 10

Am Acids: 1 %

4.40 Dextran
CaC33: 60 ng

2%
St ar ch:

bot h Xant hane and Starch can

be used (naintaining the quick dissolution properties

of the lyophilised cake).

Exanpl e 6: Use of Cal cium

Car bonate as the antacid for t he RotaV|rus vacci ne

Ca
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not very nuck
suspensi on. g.gn
surroundi ng 1
pseudopl ast |

\Buchss®: 2% dextran
O@exft,gﬁ 49jensity of

speed of
e fromth
4&# 2g§ng t he

Qﬁh Omgaudopl as
Xaothane®B%s defi n

4y488sor bi t ol

t he surroundi
CaC3 sedi nent
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vi scosity of t
tic excipents
ed as a sol uti

3% 4.56

ng nmedi um
ation is

he
A
on havi ng

00F28/tther vi scos
Vi scosity un
type are: n

%4

iSugraes: s¥andi ng d
Sexipgn:1at i on. Usug
'SUfiitor; A%y er' S for
Am. Acids: 1%
CaCO3: 60 mg

ogoared to its
| excipients 0O

exanpl e:

Starch: 2%

1 4.40

f this

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 CaCQj; in water is used as the antacid for Rotavirus there is a
problem that the calcium carbonate particles sediment rapidly when placed in water
since the powder density value approaches 2.6 and the average particle size is 30um.
This sedimentation can be slowed by:

1 increasing the density of the surrounding medium

2 increasing the viscosity of the surrounding medium

3 reducing the particles size

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

pectines sem -synthetic polyners for exanple:

car boxynet hyl cel | ul ose (Tyl oses C(r)) nethylcellul ose

(Methocels A(r), Viscotrans MZ(r), Tylose MH(r) and

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

hydr oxypr opyl net hyl cel | ul ose (Methocels E(r) and K(r),

Vi scontrans MPHC(r)) In general those pseudopl astic
6.1:droreasisg tensity of treestirdoandihd evedidni:h t hi xot r opi ¢ agents.

whe BHEOR 5 Wefer S5t R Pt e e B RIRECegi e

lyophilised takes(cettainirigsuatosk| 2%, Hextran Age sBibltol 3%;samiho-agids 12%) the
cer ] 14 S5O L RS8P B0 PR B R

is nofivegnmuch tifferesy fomarthé Cagl0;Water swdpegsiamd t r ansf er.
Ext ernal energies (agitation) are needed to destroy
tenporarily the structural fluid arrangenent in order

6.2 Ingreaisingitime vis€dsity of thelsutroondindekmdiines of such pol yners
are Carbopol s(r) and Xant hane gum 41 Thi xotropic

exci pents Wth these exci pents, on standing, a gel
Psegdoplastic excipeotst ai ned; while under agitation a fluid

A psRubipaR sotuBR 1Y REs a5 ErPFRE Buink HihBl P Rislypn standing
compaiteddaite yiseosity uAdercaditafRii.r ) (about 89%

' rystalline cellulose and 11 %
Usu@a%'ﬁ%ﬁéﬁ%@i"@@meuﬁrgse Na). 6.3 Reducing the particles
Si z patéral ediynterofor exarhpie: CaCO3 particle size resulted

in a %leg{cease in the antacid capacity of the

conpo ICEIM Keepi ng particles away from each ot her
Thi s adragaetegase i n Veegun(r) and Avicel (r) for which
i nsol uble particles snmaller (about I pn) than the
CaCGSa?)aa{F 3l es, are pl aced between CaCO3 particles in

or der algimafersevent
pectines

semi-synthetic polymers for example:

carboxymethylcellulose (Tyloses C®)

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

hydroxypropylmethyicellulose (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 fiuid solution.

Examples of such polymers are Carbopols® and Xanthane gum.
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aggregation. 42 Exanple 7: Product design The
foll ow ng schenes denonstrate exanpl es of possible
product designs. 7. 1 CaCO3 in the syringe Having

al ready clinical batches of Rotavirus in |lyophilised
vials, the antacid can be placed in the reconstituent
liquid contained in the syringe. Syringe wth 1.3 ni
CaC®B (60my/ M) Needl e Lyophilise d Rotavirus 1In
this product presentation, sedinentation of CaCO3 nust

Th&@trbkﬂﬁ@kcgﬁﬂw ol not only during the filling steps,
ing the conplete shelf-live of the product

I
With ?ﬁesg sxgperts, Spetpnrding. £ dep strieteng is Abtaingd) W}gmndﬁswtaﬂon a

fluidvdolitiofds Shtainege Wi th 1.3 m Water Needl e
Lyophilised vial Rotavirus + CaCCO3 (60ng) Xant hane

7.3. Lyophilisation in a blister
Examples of thixotropic excipients are: Veegum ®Magnesium-aluminium silicate) and

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

6.3 Reducing the particles size

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

the compound.

6.4 Keeping particles away from each other
This is the case in Veegum® and Avicel® for which insoluble particles smaller (about 1
Hm) than the CaCO; particles, are placed between CaCO; particles in order to prevent

aggregation.
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In this case Rotavirus, CaCO3 Xant hane gum are
| yophilised together directly inthe blister. EM MMM
MW Exanpl e 8: Lyophilisation of different strain of
Rotavirus Table 16 Batch no Rotavirus strain
Fonul ation conposition Viral titer at t = Viral titer
after zero after lyopjhilisation |yophilisation and
kKpat, 3 00F26/ 01 Gl Sucrose: 2% 10 4.6 10 4.7
ExaéwV*%Z-r PR dealdh o 406 PRO 0955 Sorbitol. 3% Am
TheAdllosding st¥efiab JendnstEte ERamples 96 possitite pdYudt@esighs.10 4. 4
Dextran: 4% Sorbitol: 3% Am Acids: 2% 00F26/ 03 G3(P)
Sucrose: 2% 10 4.6 10 4.5 Dextran: 4% 44 Sorbitol: 3%
7. 1RaCAdn dise sPingeOF26/ 04 G4 (VA-70) Sucrose: 2% 10 4.8
10 4.8 Dextran: 4% Sorbitol: 3% Am Acids: 2%
00F26/05 &® (WL61) Sucrose: 2% 10 4.6 10 4.s Dextran:
Haviigoabeady tlinical Batchedof Rutaviisss i Bfophilised vials, the antacid can be

placed in the reconstituent liquid contained in the syringe.

Syringe
" with 1.3 ml
CaCO3 (60mg/ml)

I Need]
[

Lyophilise
d
Rotavirus

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

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

years).

7. 2 CaCO; in the lyophilised vial
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The strains DS-1, P and VA70 are descri bed as Human
rotavirus reference strains for serotype &, G3 and
4 respectively at page 1361 of "Fields" Raven press
1990, second edition. In this experinent different

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

| yophilisation and accelarated stability (one week at
37C) has been shown. Exanpj e 9: Phase | safety study
in adults of one oral adniiisﬂh@h@en of the Rotavirus
vacci ne. A Phase | study !is G#itH 1 8gnlout to assess the
safety and reactogenicity@f ayafepgl e oral dose of
106.0 ffu of the P43 vaccire in healthy adults aged 18
to 45 years. The clinical Wrial was double blind and
random zed. It was placeszcontrolled and sel f-

cont ai ned. The study was p rfor Megdli n one single
centre in Belgium Study pul ation A total of 33
subj ects, 11 in the plac group and 22 in the
vacci ne group, were enr ed and all conpleted the
study. Al volunteers we Caucasi ans. Their nean age
at the tinme of vaccinat ~23yyears, with a
range of 18 to 44 years] Ijophilisedviab¢gan in January
and ran for just over onheRowviiuz+ Material Vaccine
Cinical lots of P43 vagaatO@omgpr pduced, purified,
fornul ated and | yophili grdingjto Good

Manuf acturing Practices] The lots wefe rel eased by
Quality Control and Quall _ e. Each vial of
vacci ne contained the foll owi ng conmponents: 45 Active

| ngr e_'c_i_i ent: P43 strain Mn. 1058 ffu Excipients,
Z.3. i in e 9 ng Dextran 18 ng Sor bitol

T

13.5% Arﬁnoacidserg . . .
In this case Rotavirus, CaCOj; and Xanthane gum are lyophilised together directly in the

blister.

Example 8: Lyophilisation of different strain of Rotavirus

Table 16
Batch n°® Rotavirus strain Fomulation composition | Viral titer att = | Viral titer after
zero after lyopjhilisation
lyophilisation and
‘ 1 week at 37°
00F26/01 G1 Sucrose: 2% 104° 1047
SB purif n°61 Dextran: 4%
PRO/0232 Sorbitol: 3%
Am. Acids: 2%
00F26/02 G2 (DS-1) Sucrose: 2% 1044 10 44
Dextran: 4%
Sorbitol: 3%
Am. Acids: 2%
00F26/03 G3(P) Sucrose: 2% 10 4° 104°
Dextran: 4%
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Pl acebo Vials of placebo were prepared and rel eased.
Each vial of placebo contained the follow ng
conmponents: Excipients, stabilizers: Sucrose 9 ng
Dextran 18 ng Sorbitol 13.5 ng Amno acids 9 ng
Dl uent Water for injection was used as diluent to

reconstitute vacci ne and placebo. Adm nistration
Approxipmately 10 to 15 mnutes hefore admnistration

of the Vaccine or the| §orat@bdp subjectq of both
groups Wwere given 10 nhmoAciti$lBmt a(r) orlal ly.

ooFbb/oant af Gl (VA-)r egi stgu&gse Qb)/‘f]aCI d. Thg qgweaci d 1048
i ncreasges the pH of ths and preyents
i nactivption of the Tg? ¥ %{i during itls passage
t hr oughj t he st omach. e the vacgine, two vials
of lvophilized P43 ¢ quI%Z?/mag ffu ger vial werd

00F26/6%nst | GAIGH6H t h 1./5Sudrossf 2% | uent wat]o “For 10 45
I njectipn. This achi egvsktanc4d,cul ated vijral titer of
106. 1 ffu per dose. Thsorbiggogtituted vacci ne was
adm ni st ered pronptl| A, &ld$s|z%gl e oraI dose To

I epdar© tilU idbUbU, |.VVU vi al S Ul I U IIIIILCU |cu,c U
P yop _ P

' 5 t f ti
The JftiRs BT Fi oo Ha70pd deodist A vimoh Ripudis rfgtetie sltpins for
ser OWW O% B3 AuLGH eédpsciVesy itPhabewBe Y ofFididy” iRuveh lpﬁe%fs 49yo0,

reactogenicity applied: Solicited general synptons
SGC%QFQ‘ Bver, diarrhea, voniting, nausea, abdominal pain

and | oss of appetite. They were recorded during eight
days post mnistration. Unsoljcited npt ons wer e
In th\sé%(B?'g'Eﬁmdﬁ?‘?r ﬁ'& %ﬁa‘ﬁ?ﬁ@rﬂ'ﬁ have Reen @PP’H'%/ﬁegn Seri ous
For aﬂdbeth&ﬁe vt fite? haes aeéremarncte:ﬁiedﬂdunn@gyddhmsamrﬂ drfl SdcEvated

stab B hie agk=Fik LT RanprRonth on. | The resul Ls vrer

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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No solicited synptonms, no unsolicited and no serious
adverse events were reported during the respective
observation periods. No cases of diarrhea were
reported. Conclusions SB Biol ogicals P43 vacci ne was
safe relative to the placebo when adm nistered orally
in a double-blind fashion as a single dose at the
dose of 1061 ffu to healthy adult volunteers aged 18
Actiyg)ingredighlap e 10 - Efficacy of two doses of a human
nonoval ent Rot avi rus VaCCI ne, RotarixTMin preventing
P43a#r@in o- ent eri t iIMINdI®B®fflo G and non-G () Rotavirus A
random sed, doubl e-blind, placebo-controlled phase |1
Excipientd, stmmzetenduct ed to eval uate the protective
efficacy of a vaccine derived fromthe G P human
Sucfdseai N 89-12 f@mgnfant inmmunisation. Specifically
x{ I vacci ne usqgﬁﬁs naned Rotari xTM and conpri ses as
co

rotavirus onent the attenuated G human

Sor@{ofal n deposit dd->489ECACC deposit 99081301. 493
Amineatiddy i nf ant @ mgcei ved two doses of Rotari xTM at the

viral concentration (106 ffu) or placebo (504) at age

2 and 4 nonths, concomtantly with DTPwHBV and Hi b
Plack ccines, OPV was adm nistered 2 weeks apart.

Srrhoeal sanples were tested for the presence of

Vialy oft plagebaverEprepajedand released rksich yiad otiplaesbei aoothined the

followingi dompene@spl es (RT-PCR). Diarrhoeal episodes
reported fromtw weeks after the second dose were

Exc'g@ﬂél sebifisbrf.or  the efficacy analysis. Severity was
eterm ned using a 20-point scal e (Ruuska and
i kari, 1990 score > 11 defined severe disease.

Suer géResuI ts. 2)"'?'FlAerl m anal ysis of efficacy was
Dextia} f or med on t A& ™bove nentioned group and the
Sorbitglol at ed ser ot §péangwere Gl and @, al nost evenly
Amirtd &didd but ed. Tga-,gaver all attack rate in the placebo

group varied from4.8%for Gl to 3.6%for (G during
Diluddie 6 nonths observation period. Two doses of

otari xTM at 106 ffu protected against all types of
Watetifarinjectemn wasissed dsydil@ntvo récobstifutel Vacciae yanfl plitebd.:

50.4-95.7] and 92 %efficacy [95% O : 47.6-99. 8]

agai nst severe gastro-enteritis. If the diarrhoea was

Admmévtmtim by &3, the protection against all types of

% and 81% [.95%
ApprRglalR o' BomPiice ot asminlafaon e eoras e da
subjeats d)fftmﬂegreﬁbs wasygiesia® i bEMylahia®eorally. Mylanta® is a reglstered
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 mi of diluent water for injection. This achieved a calculated viral
titer of 10°" ffu per dose. The reconstituted vaccine was administered promptly as a

single oral dose.

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

water for injection and administered orally as a single dose.
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was a statistically significant decrease in diarrhoea
epi sodes in the HRV group as conpared to the pl acebo
group (p < 0.05, two-sided Fisher's exact test).
Concl usion. These results are highly supportive of the
efficacy of 2 doses of a nonoval ent HRV vacci ne,
Rotari XxTM in protecting young infants agai nst the
1,000 .strain and cross-protect against the &
Safgﬁl%g%a@gﬁﬁ# 11 - Efficacy of two doses of a human
Therfoliowiag eniteridRof saféty and veamtogeicity Bopliedi X TM adm ni st er ed
revent i

ol 50 S Br Bt A ST B DA iy an
lossRutappetite STHeyrveard oegosdet duding ldight daysebst administration.

UnBhFRE 3B eGP a0 e 14485 PARFERRREIG  agai nst

Serioos pdtarse ewdntonweraf reaordad durrgy e lentiecstddygreriode  GLP

Orer ARG e ot S BT oR AR BB 13 ana

conprises as the rotavirus conponent the attenuated
The@suitsveame:st r ai n deposi ted as ECACC deposit 99081301.
No dddieitedsymptérasitre ursolicited inti\wo sefdsEsadvierdéodventswédeaeported

. e different virus concentrations (468 received
auril 8 Tefiechivd, SBlenBlon DElOROED | 1o “doa 1+ ecoi ved 105, 8

ffu) or placebo (454) at age 2 and 4 nonths,
No easas ofdiamingd wenei repordPw HBV and Hi b vacci nes, OPV was
adm ni stered 2 weeks apart. Diarrhoeal sanples were
for the presence of rotavirus (ELISA) and the
C°”§@§’§§€pes determined in positive sanples (RT-PCR).
SB Biplagicals 43 vaptine was saferelatieel td the placebo wheh sdmirtisterediagally in

tiL; I-£ 1
a doBGRSHifl PRGN 4 S RSE sy Tote oL R bR pu SultSofinteers
agedi#d tor#d.ned 48 using a 20-point scale (Ruuska and
Vesi kari, 1990). A score >_ 11 defined severe

di sease. Results: Results are illustrated in the
Exampld 3 - Efficacy dfitvardasesoftatumar oionevgleat Rotdvdlis vaccine,

igntficantl. eyer rotaviru stroent ari t. .
rolsB0i Bk SN aY i o B SbR 67 Gl rotavirs
0.001, two-sided Fisher's exact test). Depending on
A randomiskat; dgebleblind, giddebe-cohfrolizd Phaseg itk was Doviélicted to evaluate

r Vi r astfroenteritis reache 6% (95%C!.: .
the ri3bEEiatRoalh 3l 3 55t anee BRSSP tishon g g 12 fo nfant
immurédationr us gastroenteritis. For each of these efficacy
endpoints, there was a statistically significant
Spec(iiﬂec%{lyse %%alccr:}ng Iugéc[ \K}gg %anqngéi ?R%Ejaeriiml gn go?npl)_t"g\és rs(t)l'ltjg ro?aévirus

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

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

Vesikari, 1990). A score > 11 defined severe disease.
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conpared to the placebo group (p < 0.001, two-sided
Fi sher's exact test). Miultiple rotavirus serotypes

(Gl, &, GB, A and D) were identified from
gastroenteritis stools (ELISA and RT-PCR) allowing to

al so cal cul ate vacci ne efficacy agai nst non-Gl
serotypes. As can be seen fromtable 19 in particular,

e, a0 B e fgones e
andrthr isviategsseyatypesoweredd 1 and Gy aimobeeleBBAditAnYEd.: The overall

et e b ol BARRIoR fy SR RELIc Rl S gurng e o
montizcatiseevatibh piticd. Twaiosps of Retaiix™ a2 qet fis probetert Ayt all types

' . - [ Feat [ avi
of dlufea SRt FY G L B EESPL S5t Bl S0k A2 eiracy
[95% &t @5&99.][8]! é@dh?stkf@?er@ gnakt)@éléltéﬁ@ﬁ 1&h8&%ﬁﬂ&éd?5$ _8?L_Jsed b{ G9,
o_ f. u r ot avi st,r eriti
the §oREA5Eg0diie) aiybes of daibecq ey bOTPSRT S Eectieng 1% tos%
ct: Smaa.npagasimtgew:rb gb@ﬁ@éhtﬁem;s. gas?%@ﬁ%ﬂtﬁ%slgtéfﬁcac? ghagﬂm&, there
repart.e ever | scores < .
was (al%éhsbﬁlilélgg%{c?ﬂg/ deg?afg)m dia rg%éa &l S?df%)ln zhgi-lé\} Q)icglp(aﬁ)
comfiéred4&hebplaQibp gidup @7 0.05 dentsidederistictsakhétusstper ot ypes
wild GL 12 (57) 6 (27) 7 (47) 30 (59) & 0 0 1(7)
3(6) G3 1 (5 0024 499 A 001 (7) 0 ™ 8 (39
ContHis{div) These4egultd ard Righly sGppurtve 6 the Bffitad) of AddsaewWna0 2

9 Protective efficacy of two doses of R1X4414
m°"§Yﬁ%%lﬁ *ﬁ%\{ YE9NFs hﬂi’é‘éf”ﬂé‘ %reécmg youngyinfants against the homologous
G1 syamtdndadbsy-proteet dgest tHSGI strain.

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

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

Specifically the vaccine used was named Rotarix™ and comprises as the rotavirus
component the attenuated G1 human strain deposited as ECACC deposit 99081301.

Healthy infants received two doses of Rotarix™ at three different virus concentrations
(468 received 107 ffu, 460 received 10°2 ffu; 464 received 10°® ffu) or placebo (454) at
age 2 and 4 months, concomitantly with DTPw-HBV and Hib vaccines, OPV was
administered 2 weeks apart. Diarrhoeal samples were tested for the presence of
rotavirus (ELISA) and the serotypes determined in positive samples (RT-PCR).
Diarrhoeal episodes reported from two weeks after the second dose until subjects were
one year of age were considered for the efficacy analysis. Severity was determined
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Any rotavirus Severe rotavirus Hospitalization for
gastroenteritis gastroenteritis rotavirus
gastroenteritis Nn (9% Efficacy n (% Efficacy n (%
Efficacy (95% C) (95% d) (95% C) Pooled 1392 58
(4)* 61 (42-74) 27 (2)* 74 (56-85) 9 (0.6) * 79
(48 92) vacci ne groups Rl X4414 464 15 (3)* 70
é% & (1)* 86 (63-96). _go 6)4 79 g% 105.
usingrq 2RRAUSGRIe/Eyusks pry Vesiari 3990)5h sepre 31*0' eeésv?{?)
disehsé 0. 2)* 93 (54- 105.2 ffu 100) Rl X4414 468 21 (4)*
58 (29-76) 12 (3)* 66 (32-84) 5 (1)t 65 (-2-90) 104.7
&U Pl acebo 454 49(11) - 34(7) - 14(3) - *p<0.001 for
Resultsi, conpari son between the vaccine and pl acebo groups

ReslMs Izr‘éﬂﬂ@trﬁ% in ftheb (2Bles DR Gifaht8 3 tHeSV2Bink ighduips Ha@Vsﬁémf cantly
p=0,037,far the coa%ar i son bet ween

feW‘%IafegaIVHlés ga f%“&%@ﬁ@°&(’8§‘b§“%f"ﬂ' ndp g Placelg, sFO%’ (P < 0.001,
two-ewaatmm% _éaico fdst) mpb?dg:ﬁgein the @oéég@5brdl&:"ﬁ0e Q¥ffcalpragainst
1 son e ween e

ceine and. PS 20
sevasy TORITES BB ORI eacliath, 8y aPhqls P F b Ad B0t B5%C,
46%:84%‘fagélﬁét Ahy=robaiiras rganfroéi'{t@iti%CFﬁr QéérDoFth%éTWfEca@i' endpoints,

ubj ects. reportin | east one ecified rot #
thefag'éﬁrao%ﬁfe%ﬁpglﬁf §9m@an§ deRrease.bdasinea msoden uthe HRV group as
compaiedr tvalhe glaCetihgiiipo® Er@ber!twssiddd Fiheys @&aétv\t@st) Multiple
doses of Rl 4414 hurran rotavjrus vaccine again

rotaygs sefolp % (3% Gle 4 a4 @9)&1\9’?%‘99@‘4{@9rff%lhgg*ftrqqn?ntls stools
(ELISAbLRd IRT-PCR) allowing to also calculate vaccine efficacy against non-G1

serotypes. As can be seen from table 19 in particular, for non-G1 serotypes (G2, G3, G4
and G9), and depending on the dosage, efficacy against severe rotavirus gastroenteritis
reached 83% (95%CI: 40%-97%), providing proof of concept that the monovalent G1-
based G1P1A P[8] human rotavirus vaccine elicits cross-protection against heterotypic

(i.e. non-G1) strains.

Features of rotavirus gastro-enteritis episodes reported during the study

Table 17
4.7 52 5.8
RIX4¢2: 10 RIX44f‘fl:. 10 RIX4l:f1: 10 Placebo
Any rotavirus gastroenteritis 21 22 15 51

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

Severity scores <7 4 (19) 8 (36) 2(13) 5(10)
7-10 5 (24) 4 (18) 8 (53) 12 (24)
> 11 12 (57) 10 (45) 5(33) 34 (67)
ldentified rotavirus serotypes
wild G1 12 (57) 6 (27) 7 (47) 30 (59)
G2 0 0 1(7) 3 (6)
G3 1(5) 0 0 2(4)
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Severe rotavirus gastroenteritis Nn(% Efficacy (95%

d) p-value* Gl wld type rotavirus Pool ed vacci ne
groups 1392 13 (0.9) 74(41-88) <0.001 RIX4414 1058

ffu 464 2 (0.4) 88 (48-99) <0.001 R1X4414 1052 ffu

460 4 (0.9) 75 (24-94) 0.006 RIX4414 104.7 ffu 468 7
(1.5) 58 (-9-85) 0.057 Placebo 454 16 (4) - - Non-GlL
rotavirus ( '4nly @ wth &, G a@d 4 typ(i% Pool ed 0
vaccine group® 1392 14 (P) 73 (42-88) <0.001 "R x4414
105.8 ffu 4669 (0.6) 88(3840-97) 18.64H1 R XAEIPF105-2 15 (29)
ffu 460 6(1) CGS@?- 89) 0. 820 RI X44;)4 1047 ffld 468 5(I )1 o
71 (19-92) 0Y888°pl acebol454 17 (4P - - *TwoUsi ded (2)
Fi sher's exabthknawi (sigoificant Rg9el of a=0.05) usedO

U U J 1J A O

groups. N = nunber of subjects n/% = nunber of
subjects reporting at |east one specified rotavirus

{4 O J b eni % fi . .
ot RIS s B SRR AL R o
(o] Igi/é suppor%lve of the efficacy of 2 doses of a
nonoval ent HRV vaccine, RotarixTM in protecting
Tableglfhg i nfants agai nst any and severe rotavirus
gastroenteritis caused by the honol ogous G strain and
broad cross-protection agai nst heterol ogous strains,
nanely &, &, G4 and 8. 51 dains 1. An attenuated

"~ preparation of\"Y£o 8si t i oneYes rotayiius ng  dipspitaligation for
response agai $RStrae Isus i gastreepteritisom t he  (GfaVIFNF

at least two of the non-G rotavirus serotype@astroenteritis

sel ecteN fran%)e @Efficiey 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%(:,414 464 15(3)* 70 (46-84) 5(1)* 86 (63-96) 3(0.6)f 79 (25-96)
10°° ffu

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

R(')i(f'?fm 468 21 (4) 58(29-76) 12(3)* 66(32-84) 5(1)t 65 (-2-90)
10™' ffu

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

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

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

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

N = number of subjects

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

Exact 95% confidence intervals are shown
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consisting of.- &, G3, &4 and (P serotypes. 2. An
attenuated rotavirus strain froma Gl serotype for use
according to claim1l1l, wherein the conposition is
capabl e of inducing an i Mmune response agai nst
rotavirus infection fromat |east three other
rotavirus strains. 3. . An attenuated rotavirus strain

Proéi@:%g%ae ﬁ%‘fa 8§ e for o?%@éﬁi{ﬁgnﬂqn "R @-'Ffﬁ” \}a(ﬁg?r{e against
ik Eaticnataita s RN
D serotypes. 4. An attenuated rotavirus strain froma

Tab@l1%er ot ype for use according to clains 1 to 3
wherein the attenuated rotavirus strain is a single

variant, said variant def |%é’&reogptgv'ﬁ‘bscpg%q¢%e§%%uence

encoding at |eadN one n(%)t he rEﬂ“oacw(aS% Chr ot ep-vaiue

'|=-;- V4

uat'roﬁawrus straln froma G1 serotype for

Pooiﬁde/aaclnegcbupg td382ai m3 (0.9)t 0 4 whe(4li-88) he <0.001
WPRS] ds conp es avi rus a VP4
chgnprlisqsng,n in {én nugl@gii de segggéégg) at Ieagﬁegke
RIX44 He1®Bflowi ng60an adléhbne base7$494-94) posi ti @006

sageni ne e posi ti and a I ne
31’32%143% #? p05|{@2n 5€i1$$om thggg'tér codon. 6. 'An
at Pdﬁﬂ@h@ed rot avA%dus stléé)n froma G-1 serotype for
I VP4 gene
Nonl-@‘?r&ﬁ@i‘?ﬁggrﬂgmhf’Gg vﬂd‘f‘b? G5 Qn%f@%gfs 9

conpri ses nucl eot | sequence ¢ i ng an adeni ne

Pooled yaccinengroaps pod892 ons148’9 and 8023 &488) t hyni ne0.0@ke
t10POF, L 1 ON 1frg e star ﬁpg@

Rgl)g%‘g%ugzgﬁhrot av@?’us st @a.’ﬂ fromg &1 rotypeApor use

Rittdddiongffeo cl 68 1 &@)4 in whibSH7189: conposifid26n

RPUMAGI 1285 r ot rus hng a VP7 conpris

in tﬁeﬁ)ﬁufg eoti ?gbsequence at Ieas% one2 of thelorw)’9

f oPlas@btg: a t hyi¥itne (ﬂ(‘ét position- 605, an adenine

(A) at _positron 897 and a guam ne (G —at—positTonm 897
N 8 |%he start codon, 52 8. An attenuated rotavirus
TWng' ed hishersrexactiest(siopifigaat leval ofaw0.98kusedifereach compefison
between s agcipg @ndiplacgbagraupfpri ses a nucl eoti de sequence
N = rusphariosutjectst hym ne (T) at position 605 and an
n/% adembeeof(stibjects reportiag ahleastOneapebified Fitavirus Yastroeneritise
episgleart codon. 9. An attenuated rotavirus strain froma

Exact05% @oRfiddiRefifern/dirashMsli Nng to clains 6

"l

Conclusion:

These results are highly supportive of the efficacy of 2 doses of a monovalent HRV
vaccine, Rotarix™, in protecting young infants against any and severe rotavirus
gastroenteritis caused by the homologous G1 strain and broad cross-protection against

heterologous strains, namely G2, G3, G4 and G9.
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or 8, wherein the conposition conprises a rotavirus
havi ng a VP4 gene conprising, in the nucleotide
sequence, an adenine (A) at positions 788 and 802 and
a thymine (T) at position 501 fromthe start codon;
and wherein the VP7 gene conprises, in the nucleotide
sequence, a thymne (T) at position 605 and an adeni ne
(A) at position 897 fromthe start codon. 10. An
@kimenuat ed rotavirus strain froma G serotype for use
according to claims I to 9 wherein the conposition is
at | east 50% protective, in a popul ati on of vacci nated
i ndi vi dual s, agai nst diarrhea and/or gastroenteritis
and/ ar sgM eficugaiotRdRi Baintfiol £6USadtypdior ustfie €He pagpaation of

a roj @o\ﬁllﬂ'o tior? I"or %du!nﬁf‘z?ﬁ e ?&géng’e hgaft %Mﬁ?rnf&&on {f¥n the

atte rotavir ral sero use
acco aﬂg af leay téf’on%fs fhe "PBCQ Wi’é‘r”é"‘i FFr?tPﬁ%es 698{%%& fPPoW".%"“P
up tenBYHmE pf: G2e€d,iGAand G seropypysul at i on of vacci nat ed

i ndi vi dual s, agai nst di arrhoea caused by infection of

a ragtavi M%eﬁ&atéﬂtrodaﬁ% tstrater\@onﬂQrGlG.aeroéﬁﬁrf&tdéP §c§ordi'n% to &Bim 1,
att e urael:'x:n tﬂ rc? ! %thl 1s a apla gn C HIIMUNE Ie mst rot%wrus
accor& LM - O '\%é‘?ge?'h“%"hg &8 g{a 'S

up t"bfe‘é‘]?%ffﬁl*’d’l‘ leagt thyee oflaga rapyirugdRINSo- ent eriti s caused

by infection of a rotavirus of at |least two non-G 1

Ser @t yp%} attbruatedRotabikuS Bl ﬁgmra@ﬁéél'(ftﬂfé tﬁxtlfséla&ofdilfgrfb @laim 1
vvher EI A l%%m t 9 E:ongéo%ttlgr(x: ?socra;éz‘ablpe(-:’otI mdl%lg%) m':’m{nun 83\s/p%nse to the Gl

up to
popdt |ﬂt?rﬁ%1G3v ¢ 2nd {3} SSEPYPERdi vi dual s agai nst severe
gastro-enteritis caused by infection of rotaviruses of
at heastaqn att&ﬁlaﬁ@ Fbtaﬁlrlls %fﬁ&ﬂ?@l%%%& £l ule R80rdil€10 claims 1

gr %psu\gt?e?eéﬁ aRg)ugtcd r%%’vxrus s’tran?4 g s1§gl o‘tav%]i'ﬂs \{aﬁgnt OF substantlally

atten rotaV|rus
accHFEBIAORHrUE |vaTiant, said variant defined By AHFigstide sfquence encoding

gasleash oreifehe majer Vil prataine desigpatedidsc (R4 and VEF/, prefeblrMB7us
of at least three non-Gl serotypes selected fromthe

grogip ¢ ﬁ&h#tggro%%r%ual%on}%G?chotﬁe fogﬁse a@&rdu%%to clalms 1

atte gahﬁe avirus strain
ac ciGATHSESIR (e compaFition comprIsse Ttay IS *&éi'é‘ﬁf‘é’l’ér%@r‘i"ml’gsq‘% in

c aubenuclpptidedegentanat loist tne@E the@aljovdig: an dda@iic dased Ay plawsition

53 758, an/Nlerihd B3¢ @A)l pésition 802 bl Sthirding bhdeQ) & pBition 501 from
sertﬁ)ggﬁgeofg use according to claims | to 15 wherein

the rotavirus strain is ECACC deposit 99081301, or is
obt ai nabl e or derivable from ECACC deposit 99081301.
17 6. An An atisnuatedadtaviptsstrain fromst Ghiserotypeofer ase@tcasdingtoygleim 5

. T Olin Whigh @eCOPAlidng chifipriskad Aclebtide sequence comprising an adenine base
(A) at positions 788 and 802 and a thymine base (T) at position 501 from the start
codon.

7. An attenuated rotavirus strain from a G1 serotype for use according to claims 1
to 4 in which the composition comprises a rotavirus having a VP7 gene comprising,
in the nucleotide sequence, at least one of the following: a thymine (T) at position
605, an adenine (A) at position 897 and a guanine (G) at position 897 from the start
codon.
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to 16 wherein the conposition is admnistered in a
2-dose regine. 18. An attenuated rotavirus strain from
a Gl serotype for use according to claims 1 to 17
wherein the attenuated rotavirus strain is fornul ated
with a suitable pharmaceutical carrier or with an
antacid buffer or both. 54 WO 2005/021033 1 12

PCT/ EP2004/ 009725 FI G 1 VP4 sequence of P43

ATGETTCAR aléntidhdd, ATMA%%%M@ %&g@{ﬁ%@ﬁ& DIHGAEAARAM 7

?IgGAlR' Ealcﬁz‘h%? Ean ‘TAGAGC % %@ hymine (T) at
GAT WS@W%(QE@ a gwe&\(ﬁ@gmsm\@q%m&e start codon.
TTCGACTACA GTAGAACCAA TTTTAGATGG 200 TCCTTATCAG

CCAACT ACAYT atlehtitedGotus b Eeorh bAT1 sedafpbASrTubAatbiding to claims 6

A e e NSt o

ATTRARTERG HNETioncthsTsRrugdon; aadarhammke YRXGETT vapprises, in the
GAAAREEGHTEA séGAASE AT AGNT (ADASEGARG6ASAhd afl RdCHAEAAT A position 897
GACHTAGAT FarPAGTTCTGAT ACCAGACTTG TAGGAATATT 500
TAAATATGGT GGAAGAGTAT GGACATTTCA TGGTGAAACA CCGAGAGCTA
550 CTACTGACAG TTCAAGTACT GCAAATTTAA ATAATATATC ,
AAT TR CAATRIEDRted cotavienstmiironT ¥ A Avrpiype Taoupgpaseordiag to claims 1
oAG@emmAnMTmesTm i6 5Qeast’ 0T roEAUVE, ATISBTIGIE@OS vaccinated

;I' (%GEETeGuZ Qfl/or GEAVEe -EIterms caused

C@%ﬁ% %@CA -(I;QA'?\A TGCAGT ATAA

800 TAGGGATATT ATAATTAGAT TTAAATTTGG TAATAGTATT
GTANAGARGEHSBted (HREACTABGEohT ATCAAKDERE ToCT@ sbeFdifg to claims 1

CATH 19 ebin bdifidn BQP to 66Y5 protéMivd, ine hdAIAEbEBRL vaccinated

oA, S Bt S T4 G oo nonct

CTCERIPPPPEG TATTTCAAGG TATGAAGTTA TTAAAGAGAA TTCTTATGTA
1050 TATGTAGACT ATTGGGATGA TTCAAAAGCA TTTAGAAATA

TCARAT AL f7dttchBiAted rofaNafy [sedih Fn(E B 8serde! forl AdAalddedifiglto claims 1
CALE BRI %E%@&%L ig' i!l;? Qo 81% protective against gastro-enteritis caused

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

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

14.  An attenuated rotavirus strain from a G1 serotype for use according to claim 10,
12 and 13 wherein the gastro-enteritis is caused by infection of a rotavirus of at least
three non-G1 serotypes selected from the group consisting of G2, G3, G4 and G9.

15.  An attenuated rotavirus strain from a G1 serotype for use according to claim 14
wherein the gastro-enteritis is caused by infection with G2, G3, G4 and G9 serotypes.
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ATTATTTCAG TATACCAGTA GGTGCATGGC CAGTAATGAA TGGTGGCGCT
1200 GITTCGTTGC ATTTTGCCGG AGTTACATTA TCCACGCAAT
TTACTGATTT 1250 TGTATCATTA AATTCACTAC GATTTAGATT
TAGTTTGACA GTTGATGAAC 1300 CACCTTTCTC AATACTGAGA
ACACGTACAG TGAATTCATA TGGATTACCA 1350 GCCGCTAATC
CAAATAATGG AAATGAATAC TACGAAATAT CAGGAAGGTT 1400
TTCACTCATT TCTTTAGITC CAACTAATGA TGATTATCAG ACTCCAATTA
1450 TGAATTCAGT GACGGTAAGA CAAGATTTAG AGCGCCAACT
TACTGATTTA 1500 CGAGAAGAAT TTAACTCATT GTCACAAGAA
ATAGCTATGG CACAATTGAT 1550 TGATTTAGCA CTGTTGCCTC
TAGATOAT GRT atemetal TgRYius FIAGEARRIA seauype faseTmamg to claims 1
TGATd TAAGErefAthE CHMIS sEEAGTACACT doposieANENAAL, 105 59 obtainable or
TTTAGAAM T A ACAEEAS s TASATHAATT TCAGAAATGA CTAATTCATT
1700 GICAGATGCT CATCAG CATCAAGAAA CGTTTCTATT
AGATCGAATT 1750 TATCTGCGAT TTCAAATTGG ACTAATGITT
CAAATGATTatieealed setayims siga fromelaseiatyry foraapaseprding to claims 1
TT CAACA@hckeiAGR TETPGn TSTRIGTHNGAAIn 85 dose AGFTACATTA
AAAGAAATGA TTACTCAAAC TGAAGGAATG AGCTTTGACG 1900

195" ATSGIRET Gt ORI i R R e

AGAMNTITAReso dhe plégntiaiptr CplaVime TR ARt Aty 2 suitable
TGAPRNAGENIAT@GRAT Tith R0BGICIAATASTEMIBG AAAATTCTTT
GCATACAAAA TTAATACATT TGATGAAGTG 2100 CCATTCGATG
TAAATAAATT CGCTGAACTA GTAACAGATT CTCCAGITAT 2150
ATCAGCGATA ATCGATTTTA AGACATTGAA AAATTTAAAT GATAATTATG
2200 GAATCACTCG TACAGAACCG TTAAATTTAA TTAAATCGAA
TCCAAATATG 2250 TTACGTAATT TCATTAATCA AAATAATCCA
ATTATAAGGA ATAGAATTGA 2300 ACAGTTAATA CTACAATGTA
AATTGTGAGA ACGCTATTGA GGATGTGACC 2350 WD 2005/ 021033
PCT/ EP2004/ 009725 212 Fig 2 VP7 sequence of P43
ATGTATGGTC TTGAATATAC CACAATTCTA ATCTTTCTGA TATCAATTAT
50 TCTACCCAAC TATATATTAA AATCAGTAAC TAGAATAATG
GACTACATTA 100 TATATAGATC TTTGITGATT TATGTAGCAT
TATTTGCCTT GACAAGAGCT 150




CAGAATTATG GGCTTAACTT ACCAATAACA GGATCAATGG ACACTGTATA
200 CCCTAACTCT ACTCAAGAAG GAATATTTCT AACATCCACA
TTATGITTGT 250 ATTATCCAAC TGAAGCAAGT ACTCAAATTA

A&m;ﬁ% ATGGAAAGAC 300 TCATTGTCAC AAATETAE%PZOO 4009725

TGGCCAACAG GATAARGICTA 350 TTTT

TATTCAAGTA TTGITGATTT TTCTGTCGAT CCACAATTAT 400
ATTGTGATTA TAACTTAGTA CTAATGAAAT ATGATCAAAA TCTTGAATTA
450 GATATGICAG AGITAGCTGA TTTAATATTG AATGAATGGT
TATETANTRECIPEPce ATHHRATATA ACATTATATT ATTATCAACA

TOEAC ot MO e e L o

G
GALTIAMABEBITS GEWCMWWC@GE&TW 6fs(b
ARATPEATGAARTEGAGTELE AW@S@F‘@P@QIGE GRYGGGATAA
REX

CC 5
BSLTE R
ATAGAPTRTE rTAFITEHC TIAcERGCA I@MM&AE&A@A%G
ATCEANCENT CRANTOTACGRAATRCTBAGRGOXCTES rcAAREAEAQAGT

CARGRREHTT ACTIASTATCRIIC TACKICPATIR 500

GARTFTEXRARA
Cornshi S e 1

;.

AGHRTINGAAT AAGIBOCTCGACRGTIAARIA

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

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

TCGATACAGT
AACTTCATTA
TTAAATTTGG
TCTGAAATAT
CGGTGAACAA
ATTTTAGCTA
TATGAAGTTA
TTCAAAAGCA
TAAATTCAGT
GGTGCATGGC
AGTTACATTA
GATTTAGATT
ACACGTACAG
ARAATGAATAC
CAACTAATGA
CAAGATTTAG
GTCACAAGARA
TAGATATGTT
AAATCAATGG
TACATCAATT
CATCAAGAAA
ACTAATGTTT
TTCAACACAA
TTACTCAAAC
AAANCAAAAA
TATAGTTACA
TATTAAAGGA
GCATACAAAA
CGCTGAACTA
AGACATTGAA
TTAAATTTAA
AAATAATCCA
AATTGTGAGA

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

AATGTAGTTC
ACAAGTTAAT
TGCAGTATAA
GTAAAGATGG
AGCAAATTAT
ACACCACTTG
TTTCTACCCA
TTCTTATGTA
TGGTATATGT
GGTGGAAGTT
TGGTGGCGCT
TTACTGATTT
GTTGATGAAC
TGGATTACCA
CAGGAAGGTT
ACTCCAATTA
TACTGATTTA
CACAATTGAT
TCAGGAATTA
AATGAAGAAA
CTAATTCATT
AGATCGAATT
GTCAAACGTA
TTAGTAAGAA
AGCTTTGACG
TACTCAAATT
AGAAATTTAT
ATGGAAATTA
TGATGAAGTG
CTCCAGTTAT
GATAATTATG
TCCAAATATG
ATAGAATTGA
GGATGTGACC



WO 2005/021033

Fig 2 VP7 sequence of P43

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

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

2/2

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

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

AAGTATTTTA’
TCCAAAAGAT.-

GATATATCTT

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