MONOVERI C VHH DOVAI N DERI VED FROM ANTI - VP6 CAMELI D
ANTI BCDI ES, DI MERI C DOVAI N, | MVUNI SATI ON METHOD,

WERADAIRUS DETECTI ON METHOD, COWMPGCSI TI ON, PREVIEMITEERIN08/059745
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AND TREATMENT METHODS FOR ROTAVI RUS | NFECTI ONS Thi s
invention relates to a nononeriyc VHH domai n deri ved
fromanti-VP6 canelid antibodies, dinmeric domain,

e NGRAEAT: M okl SH S BHOMAR LB ameLio
r oNTIBODIES, BIMERIE. DEMAIN; PRIMUNISATION METRO®, ROTAVIRUS

 ERE TN e Lo, EEluslabiriolh, HEER TN o grsgTmEnT

aci d sequences MEOWMIDSWFORRODPAURUS INFEECTIDNS. 2,

SEQ ID No. 3 or SEQ ID No. 4, and where said domai ns

bind to protein VP6 of G oup A rotavirus. BACKGROUND

Of hisHIvetienTIetNes toup manemevicr WéiH Rigmais dedvadhifiom anti-VP6

C@Hﬁ\%llgfarﬁ%\éﬁfe% %‘srﬁéﬁ@%ﬁ]ehﬁ FivnLHs&oR MHethBdt P&avwgletectlon
ani mal _Speci es of econom c | nterest (bovin
pmeg'ﬁﬂ%s

Coé'ﬁiﬂﬁ’sﬁ 1S, SHIRYENAREr i3 kh FedEands m@h€d§ fc}ils rotavirus

airpedidns. mwletépév’ ﬁﬂ@ﬂll?mtd@}ét$§ td fz{sn'tdﬂiogﬂbrl’@ﬁbm@mll(NDiﬂH) derived
e oci at ed wi severe di arrhoea

CRURF sEmIBh RIS TS, PHOASHER el BR 98551 heypmino acid

t hequerinss dhamn lnF&EOriH)ufdedi OdBRQrIRoa. 2 nSE@| IiﬁaINe 3 or SEQ ID No.

| Bt 8RGGfhel EaﬁodlﬁHﬁrH%'b% td Bfot&ﬁsmkt &f éPéUI:QA?Glat\(/ﬁvﬁs

causes h|g costs related to prevention or treatnent.
G oup ARV are particles conposed of a triple protein

CRACKGROGNDUWOE THEMVENTIONACE i s conposed of
proteins VP4 and VP7, both of which are highly

vari abl e antigens; thus far, at |east 27 variants of
VBdo(PAt nopdiusa(fY/ ) 16 tlvamaa:mtausé oVBgvdre-digpksea iravieiidren and in

ﬁﬁ;ﬁe{‘ Iyg ﬁﬁg rdfbﬁgny E%@Ellags%t % Hg%gg*‘lgr\%v dC I‘ﬂ’gg ée_%? l'tBS&I’IeS, po rcmes,
r eaeineei Bouilli Amescaie pamahds,y@es), Asa pulblicsheatisproblém, RV is the

| thirde FeSSab¥mntor Nu4de o h&eﬂhf E§£§J‘5teat (Aﬁihn%e%‘r%frﬁjtarrhoea in

circylate in the tar vacci nes

t he
i e %'agao@nw&s(ﬁdn%m%ag 88" &?aﬁ)f(i)ﬁéh‘ﬁ othardiasids RV-induced
Vifarrhokiacin aeph@seintended for consumption, for example young calves,

causes high costs related to prevention or treatment.

Group A RV are particles composed of a triple protein capsid. The outer capsid
surface is composed of proteins VP4 and VP7, both of which are highly variable
antigens; thus far, at least 27 variants of VP4 (P-types) and 16 variants of VP7
(G-types) have been described. Each G-P type combination induces
neutralising antibodies that have low cross-reactivity with other G-P types; for
this reason, it is necessary to include the different strains that circulate in the
target species in the vaccines.

The intermediate capsid is composed of trimeric protein VP68, which represents
51% of the virion mass. Depending on the presence or absence of two different
epitopes in protein VP6 (recognised by monoclonal antibodies mAb 255/60 and
631/9), Group A RV strains are additionally classified as subgroups (Sb) I, 1,
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631/9), Goup ARV strains are additionally classified
as subgroups (Sb) I, II,!+Il agd nol noil. Human RV
are usually Sb Il, whereas animal RV are primarily Sb

. Protein VP6 is hi éhl y imunogenic; naturally
| tibandmohnelinblugian BYi #rel wsusdly Sholh, WheteesranimahBvagre primarily

I SHOIOPSSteUAPBSS h ﬁ‘lﬁ)mbﬁ ic R@é&@fadl%ﬁf@c@‘d Fiuhﬁans and animals
above- nent i oned su P6 1S

TR RNG TiTOM eBoenss AokDst Vs Patanes. Tagardless of the
haholegygntioned $uieyrehyes, edP6 dsTe highiht bgﬁ&i@rvaa)prb%ln within all the

S5 1 (92 R RSP i e
amaywdre i detacted |bmﬂmimﬁﬂlﬁgr&wtlve pelsclsndbsargmedat@r monoclonal
d%hﬁ@éd:@é %rﬁfcﬁé’ Vﬁﬁ%ﬂ{g ’['J? chn ;ﬁ‘?ﬁ ﬁ'?r‘%rﬁlftflagnostzc tests

hi's protein ave neu ng ac
vﬁ??l@ﬂe%w@&ct G@Apn%ﬁ%|%&nwl%%dlr@@eﬁmy@ttt@s protein do
gi}@fl |ha‘;0|l9f AUt QRN adnony it ?:%HHBWé\ééé)é I%N all;ﬁroﬁggignaln antibodies
rren reye u i i
aH1ag%s t%?'?ﬁ?\%‘@ IEQQ \/ﬁr‘:'fqgriﬂtﬁ’ﬂgé‘l’ YFe- wher eas

active |nnun|sat|on is used i n human belngs In

a@u{l]}%lngy, R ed"ré\%r‘?ti rJf %?Cﬁvvﬁ‘ﬁt?cdec}’ ! eaaC E¢ oﬁ'@%ﬁ g, based on

appli I N pregnan enales
n@@ﬁﬁi\f@sﬁnﬁwmﬁ@@hntwbet&a&mlee lmfnurmaimas usadibodimen beings. In

Vhﬁwﬂiaﬂ@ ﬁé)*eﬁ%ré“iiﬁ‘a@f\?’atéaQ/uﬁbl\}&ccmbsaréta{ :ﬁayin'p?egnant females,

ciroptdbs o piciact frer GeAnaRg %rkeﬂ%h%m.tnang&raﬁdnmw antpodies via
| thet belogfriieched t5é anke , THIStstizted)s |§1ﬁtghﬁﬁ@ﬁbbtﬂ/e0fn preventing the
CIBRMA: Fovar i oh S5RIN Fin PR By angtmgytaliy i the
t atbedtad steakd, bot iid sol Gapakdaof peventioy RY infedidn because it does
' HB?"Q hlfi&gﬁﬂwwﬁﬁ&@ I}elgpnc% n%AUf \l?nqu'%xcrgady b%Qﬁe infegted animals

COI’] I presence o

s, o4 G.rett Al VAt é@muml Irrun'r\wr(armlui%@ V;%r@ﬁﬂfae@nly the
OéorﬁrrﬂJef:H abhoe aflfiRmM t‘it@eé B\epﬁéé;wlfé aﬁﬁfﬁw %‘hﬁbbfdi@&% 85 $ntestinal

B o B0 of e e T S ey proects
agzﬁﬁst diSahbealahd signiicantly écutesl \rTraJlrexéreli:onl(Fblﬁarﬁdez F.M. et

831%3\/3%3 LgO?‘I lﬁeckgsﬁ‘%r%’f @dé{ EXpInP/ebc? E@n?%ﬁﬂﬁ%]m 1983,

|Ve Vi Ci hes
aandSait led. Blalget Exp M@lsl@é 2&680?81@% 987).

In children, two live virus vaccines attenuated by genetic reassociation have
been approved. Both products have proven good efficacy against severe RV-
induced diarrhoea. However, given the history of intussusception associated
with a vaccine previously used in humans (Murphy, T.V. et al,, J Infect Dis
187:1309-13, 2003) and the recent discovery of RV viraemia in naturally
infected children (Ray, P. et al., J Infect Dis 194:588-93, 2006, and Blutt, S.E. et
al., Lancet 362:1445-9, 2008), the innocuousness of said vaccines has been
called into question, specially in premature, immunosuppressed and
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previously used in humans (Mirphy, T.V. et al., J

Infect Dis 187:1309-13, 2003) gnd the recent discovery

of RV viraema in naturally infected children (Ray, P.

et al., J Infect Dis 194:588-93, 2006, and Blutt, S.E.
emalnourishgdcehildien: Thefare, salbamativee complarueniant siraiggies are

S AbEdy@ sTitRE préamtiBARIhdCiRbAtAfENt B R\VIpeIsEE@iarfRRE al | Y
in premature, immunosuppressed andmal nourished

children. Therefore, alternative, conplenentary
sPaasiegiiesniaty stextdgidsf eucht e lpeavibaddiog wedadmipddtratioh of anti-

O y5et fhas A oy FESIUALTIALK BhrBlepE By ani
aF?¢V lgbulinad obinkiehi eay yolsrighwere Fuivwste teduse diggboea disease in
uﬁ\%ﬂs AR5 BuRYhe ?’ar : Eﬂllt BF B¥&dL lé/rgEﬁuantltles of

wer ¢ own to reauce a di sease
h% igidn anparrelicienl mﬁaebcmd Bith; represiucgiie duepeiges. is low.

Wh@l@f@t@afttlstne%%s@é aet ér@atésahtrboﬁa@@%lbs@ﬁédQ‘bﬁbhsswe anti-RV

TheRniARSN i aﬂ@ﬂa@@é%fbg%iv i Parictirn Sutiftes that may be

dps]dglned aft mdqsm|stzaleathatda\hotmawsesmmwmlmglcaﬂn‘eaaﬂlms that are

aQL‘i‘h‘ id L9gy JHsieh ! c|e3§ a e' quo stgﬁtcdmgn}é% internal
phff tceks pitld JaEe

uce |ndustr|a cause
i mﬁmamgmddhﬂ arcchpakle eheacognisingiBNAcinkikiting theareplication of

L auah b BireYeRumbR ddipBRie ARRE) Of conserved

i nternal proteilns, at are capabl e of recognising
and inhibiting the repl | cation of strains from
dirhé ertdiitdageaint ofpee ddqrbid eaﬂmov;eheaﬁhehéﬁstdwmn Ajl v@élght of 15

545308, R Dl Bl B B g

ceansiadly eisddedidergdriangiengnaatieg: DINA libwrieddat single-chain fragments
g\ﬁﬁﬁreﬁhgnﬁﬁl‘:gﬁf@ %rdn:ltmrﬁﬁéﬁéclfyow&‘e%%[e Ghad es 1o ylmmunlse

ragnents en recognl i'on ca
MEHBaY dhay e Heegitesenrish thauMe? lioramyain Fhaaﬁebelr@@t@a gginst an

eﬁkﬁtigﬁh bh?téfb‘bf |Dd3étf & s lp&rﬂ(i)d‘mére @gﬁeﬁfi@ﬁ/%%dﬂﬁ%n@@enwd from
es I CU
TP dchiPagy MEATEehars e vt Terlb o i TR dpvEShment of

adieguestic veagatts | and eoddudisr dedignatevel pravent ooftreat RV-induced
g&ilﬁ HBQ% S\‘?r eé%‘?ﬂ%% A4/ POAHEER I GFAMRE D L83 PESYBELRY strain,

rea
produced in yeasts, has recently been reported to show neutralising activity in

vitro, and the purified VHH was capable of reducing the occurrence and the
duration of RV-induced diarrhoea in lactating mice(Pant, N. et al., J Infect Dis
194:1580-8, 2006, and van der Vaart J.M. et al.,, Vaccine, May 8, 24(19):4130-
7, 2006). However, these authors have not been able to identify against which
viral protein the VHH obtained are directed and they assume that they would be
directed against conformational epitopes of external proteins.

Patent document WO 2006/056306 discloses the production and use of VHH
domains or fragments thereof as a therapy for infections produced by entero-
pathogenic microorganisms, for example RV. It shows the production of said
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and the purified VHH was capabl e of reducing the

occurrence and the duration of 4RV-induced diarrhoea in
Iactating mce{Pant, N et al., J Infect D's

194:1580-8, 2006, and van der Vaart J.M et al.

VA e t%yﬁ@ thereaf ) -2 specifie-site (rlggse 1sywtarar For example, it
t kiR gt {HE felBaye d’foﬂheb |ﬁ@|\ﬂ-llt10tn' ﬂﬁ.mg'agbfmﬁﬂ%tlﬁét system by
whi ch vi r otel HH ob n'ed are

t 78§ aB%‘é'ﬁ %‘tﬂ"&rk?é%nr? gatemel ﬁsﬁroposes the use of

c dmhegarmbl pmlaiotle pmlt:mtm amifmexvisichaklepotibe I@ecﬂat\&HH ant;bodles

SRR, SHP AgS) ﬁ?ﬂfgﬂﬁi% (247 bpBplendhe bRl jpeestine

f@ronoﬁe@cdl_fferwtmtme@ thyreparer dpmshogtacds using VHH antlbodaes
M oglreg%ﬂk:é?&g%fegr o?’éﬁpﬂisﬁegvbylﬂrﬁﬁ%%’smlc%@orgamsms The VHH

pro uction o er eof
s pERduded. 49 net Pideias ¥PSy weuld natdre Briiplising.iand are also not used

dbychepesivebebuitaliais e @fmﬁdﬂ@d&@l@@b&l tqst\éth in the
gastrointestinal system by encapsul ation in al gi nate.

Moreover, as a release nethod it proposes the use of
t Pm@gednaunmrﬂtiﬂﬁtmﬂamﬁnom ,glaynl\ﬁmlsﬂdmm’fs Belgm siisdlbses heavy-

S Bﬁ&i’nf éﬁtib%@%h@t% ?%Io%‘:ﬂn%ir v th ﬂ} gs sbo tes unctional VH

oorgan on se

pd@ﬁm Cdll fra@m@nts ﬁneraoégvhé@w taprppreqsaroertarmg@owﬁed or mutated

;Qﬁﬁgg ggid“&éﬂﬂﬁcéﬁt it Qm?@ﬁ?}?rt ?C}r%‘éoa% & n@!ﬁﬁ%%@l‘ &Sh&¥pond to VHH
Eg BE’%r@?gm%&)VB 6vP6, woul d not be

neutraI|S|ng, and are al so not used by thensel ves, but

AL R Sy T o B MRl Brpri o
heagle laiiablarddnbaidj edijchf bindt oovisd| achtigans,sparticularly bacteriophage
hP@%‘f°'ﬂ%b§bc@B&u§°W jy T 4agibsanal Qélﬁ@ngé?oﬂaat inhibit said

fragment's thereo corrprlse certain' no
npeeiedarhageio aci d sequences It does not disclose
sequences that correspond to VHH domai ns which bind to

bt ey LY BT RReSE A Hamers Rl 9 presis documents
dbyrthen samiai inberiors] disclose beaynthagieisagnpeants iof imaninpglobulins and
bat G54 Wé\%&? ggv%ggrlr%‘f/tt%agﬁ%ﬁs ot e%%léj'pﬁggi% qrc\‘]r%%therapy

sequences t
or serotherapy. The VHH described only recognise the ietanus toxin. The

method used to obtain the VHH is from immunised camelids’ mBNA.
BRIEF DESCRIPTION OF THE INVENTION

One object of this invention is fo provide a monomeric domain (VHH) derived
from camelid antibodies, wherein said domain may be one of the amino acid
sequences shown in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 or SEQ ID No.
4, and wherein said domains bind to protein VP6 of group A RV.



bact eri ophage. Patent docunment US 2007/000951 2, by
Hanmers et al., and previous docunents by the sane
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i mmunogl obul i ns and the use thereof for veterinary
treatnents, for exanple passive inmmunot herapy or
serot herapy. The VHH descri bed only recogni se the
tetanus toxin. The nethod used to obtain the VHH i

f AowinameRiesieal fisdnyegion g PEwRide aDé@mqmﬂpmlmat binds to

Tbﬁtbwldﬂ@r@aﬁ OB\EGIhebint $Hig fUQMﬁ'ﬁrgfé"h b?nmlaﬂses at least one
a nononeri,c

D e R e g TE S e, O S Er G RS 1B o 3 or

a®B® 1BcNd. dedonenpesfesiednwembodiBigpt) Bvd\dusidn B6@IN Rohprises the

dgﬁs&@ é\%)m{e%cgr oq%%%wlr\t;ggﬁo lﬁl&f ?B%E@\Piﬂg‘t ﬁ@rgEQ ID No. 11

oBpdAE@ADIN®.s13.nvention is to provide a dimeric
domain that binds to protein VP6 of group A RV1

wherein said fusion protein conprises at |east one
n&ﬁ'@?’@*’ Qhighk ot ethish dwyentinsisgte prde1a witayirys pmunodetection

SE@tfh&j Neat cd ns‘é@%ﬁr@ Iﬁ@ll}té cohfac? aBr Hf/ﬁﬁc{rﬂ?@inlng sample with one
usi on_pr.ot ei n S n
o8 ﬁﬁ%@m@%@s'dﬁ%wn‘?ﬁsﬁe%nmé@@ B3 . AT Rg. 2, seq 1D
SHQ. BDSHA) 1D Nanry SHQ IDINNG, SRQ IBndbheéy SER) B NeoB, SEQ ID No.
\ By
itmrg:lg Hét qq‘%r{[hgﬂ%q?o%{c?ﬁé?a rré?i g\élsr gfl nging into

cont act an RV-cont ai ning sanple with one of the am no
aghfh %ﬁ%@@@%so‘gbﬁ%emdsg% Ide Hﬁméd O§E@y| Qn If S%Rb techniques

S q
KTy 1R fiastate, oT4e@ATh (b SampIS: dBmTiosePbiG Raserdgpts ELISA,

aRUISROT| opmpetitidsaEdISATmagsksiceisdddyomgirheidecan be
carried out by any of the techniques known in the

state of the Art, for exanple: inmmunocapture based
t ApotheFlobigat ofthiSRERNticorpde ptovide BLdoBAposiigNttat confers passive

beadanRy t@%%%hﬁﬁal Wm%mgh'aggapgfofttﬁéSséqgléﬁ@éé Qﬁb\lvﬁ in SEQ

to prov corrpoél

%nim% IRNen2 coklp I 8. SnypEs? |@H‘é°s%q%5@c'&'\l0 5 SEQID
SN@WVI SECﬁEﬁ\IbDSM’ SEQ ISHQ. |939N%}p1831t apd@rinkiimodulators.

SEQIDNo. 4, SEQID No. 6
Another object of this invention is to provide a prevention method against
infections produced by RV which comprises administering an effective quantity
of any of the sequences shown in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3,
SEQ ID No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12 or
combinations thereof to a mammal that needs it, wherein said sequences are by
themselves or combined with substances that encapsulate and protect them
from degradation in the gastrointestinal tract.

Another object of this invention is to provide a treatment method for infections
produced by RV, wherein said method comprises administering an effective
quantity of any of the amino acid sequences shown in SEQ ID No. 1, SEQ ID
No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No.
11, SEQ ID No. 12 and combinations thereof o a mammal that needs it, by



No. 7, SEQID No. 8 or SEQID No. 9 , excipient and
i mmunonodul at ors. Anot her object of this invention is
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produced by RV which conprises adnmi nistering an

effective quantity of any of tRhe sequences shown in
SEQID No. 1, SEQID No. 2, SEQID No. 3, SEQ ID No.

4 SEQID No. 9, SEQID No. 10, SEQID No. 11 SEQID
NHiemselyes @ngnrmbinednyithheuksiangas nataemeapsulaie arddyotect the

| BntivABES hhahat BoGrRAHBHS FHthRr adibirltBEimRe tyes or

conbi ned with substances that™ encapsul ate and protect
them from degradation in the gastrointestinal tract.

ADESCRIPIMOSCOFOFHE IFIGURESNt i on is to provide a

treatment nethod for infections produced by RV1

wherein said nmethod conprises adm ni stering an

eFigqurei Vellgoenimimunidatiany Schetible famimmumdzadiose gaepde <ollection,

T Bbleguing g qyHhati aavhCantBadPRapdisp i sy diing the
Skel eowse ob imrndgatising aantthedyt tilere dneasurad niayml ELISA using
Lpabraasss e ) TIRA YERGOTROR THDU 1 proog) (1 vius
g8l tzaﬁe@ Eiﬁoﬁﬁfﬁ%ﬁ&%&%m SAMESS FotRWIuS .(lﬁla:gb? P[5]GS).
DESCEHh & drCiimerpolde dré GhteSehicguseartowt| ama

i mruni zation. Schedul e for imunization, sanple

collection, final bleeding and evaluation of rotavirus
ahigured?. Petandinneofi nativer anddwcordpinard YiPGeprotaim Sy ¥estern blot

S OEINGI) Yidbcd iy VPSPPI L RO concitons
(PNBRAgH NP PegpEsy, cqnditions, ppd daieeied avithiakargs dnand 8- Bovine
é PMI}/CIEthE’@FDg?J%iQﬂQ gﬁé\ﬁ aanv(;) IO 1Y iQEAIﬁt; gﬂﬁpDMaBb(ngG%SAm); 3 and
a{q?“o%'}' %kg%r%ﬂbgl %éfle%@rgaﬁ' W@gg@ea ﬁﬁércpbﬁﬂpn{%itVHH 3B2
\@di YP6t 6 anthy SWHSIHSAS bhtbVPsnalarsl $4- rRVrelatBd (WiH or

reconbi nant VP6 (B) run under reducing conditions; or
under non reducignig condi ti ons and detected with: Lanes
|

1Figiwe g3. Bb\H-BEISH Detesiion ekratavisng istrafsowhAdifferert subgroup

qadciividnd Y6 thidsheHcds Rom dirafeht ARmyfdiediead ant i
VP6; 4 and I1- VHH 2KDL anti VP6; 5 and 12- VFH 3B2

anti VP6; 6- and 13 VHH 3A6 anti VP6; 7 and 14- non
r el anedintilddy-captured monomeric VHH 2KA4, 2KD1, 3A6 (2 pg/well).

B) Direct coating with bivalent VHH biv2ZKA4, biv2KD1, biv3A6 (1 pg/well).
Tissue culture supernatant of bovine rotavirus IND (Sbl; P[5]G6), C486
(Sbl; P[1]G6) and B223 (Sbl; P[11]G10); human rotavirus Wa (Sbll;
P[8]G1) and equine rotavirus H2 (Sb no |, no Il; P[12]G3); Positive
faeces: faecal sample corresponding to the peak of virus shedding of a
calf experimentally infected with bovine rotavirus IND; MA-104:
supernatant of mock infected cells. PBS: (blank of reaction), negative
faeces: calf faecal sample negative for rotavirus.

Error bars indicated standard deviation of two independent measurements



Figure 3. VHH ELI SA: Detection of rotavirus strains
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Ant i body-capt ured nononeric VHH 2KA4, 2KD1 , 3A6 (2

mg/wel I). B) Direct coating w th bivalent VHH bi v2KA4,

bi v2KD1 , biv3A6 ( 1 ng/well). Tissue culture

supernat ant of bovine rotavirus IND (Sbl; P[5]G5),

c&ggun(esg| In vifra yetgyirgs Hugresgenidprys /g ucjrp@ﬁ@)say A fieuir-fold dilution
r Qﬁ@‘ébh oVl VHHPIEASIORD RNIAS BHNEBS WlaBVhbids With the same

(TRPee b i ubiseraing he PEILIT R VIT Sorcanuaincaoenerates

a >8ab4 rexiuation g tHeinfactionfrats edonsiderd® vk Peoteetidy/i r us
IND; MA-1 04: supernatant of nock infected cells. PBS:
(blank of reaction), negative faeces: calf faecal
sanphe Boyireet folavifusr CAB6 dhomokngoBsrtorAd assed imdaceihation and mice
st andagfy afion of two independent
measurementstigure 4 . In vitro rotavirus f|uorescent
f ocuB- Peyine: iokaviksdbY (hemalagoysicsAdiusad i hinger salestion);
mn@ammeww%é@gg(m , 3A6 and 3B2 was m xed with
t he w)t avirus contai ning 100 FFU. The
VHH OEE@Pﬂ \HFPSt & generates >80% reduction of the
I nf €t Egnirreatotavitisdd®si dered as protective. A Bovine
rotavirus C486 {hom)l ogous to Ag used in vaccination
and m ce chal |l enge B. Bovine rotavirus | ND
( Homgrapfasiepreseny t e stmimaryirasigs eliecintepgndent aBeayme
rot avirus B223; D. Human rotavirus Wa; E. Equi ne
tavirus H2. The tgra phs represent the sunmary resul

of 194l &-fueisstignieteagainat diziraepaaghieved QVé’é@ﬁ%"?fﬁt\@"H 2KA4,
aBKD1$l’3A@I &id BB2an arddinayh tniey draNeNGs @Gﬁth%\ﬂﬂ&%Pups were fed

- B AQuS (I e TR i, oY e Bop i 5 o Rinra-gastric
VHHité r bhdaiyay mipsowstre waozeclaalttaygeﬂylntragaangaim witle RV 2 hour after
{WE'SJ%?H Pfa H#t%h%&ﬂ%grﬁgt éje rou S? %heaéllerqag.
Di arrhoea was foIIovved daily up to 96 hs post
chalA.eg@@Henge: 30 DD50 (6x 105 FFU) of bovine rotavirus C486. Experiment
was carried out in three independent assays of 5 mice per group.
B. Challenge: 316 DD50 of murine rotavirus ECw. Experiment was carried
out in two independent assays of 5 mice per group.
C. Virus shedding quantificated by ELISA in the 10% w/v small intestine
homogenates.

The symbol # means the percentage of affected animals that differs significantly
from the non treated/challenged group, Fisher Exact Test, p<0.05.

Bars represent the average of the ELISA absorbances at 405nm per group.
Error bars indicate + Standard Deviation. ELISA cut off value: 0.200.

Figure 6 A. shows the expression of VHH in T.ni larvae. The expression levels
are high enough to detect two bands of the expected molecular weight in the
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C486. Experinent was carried out in three i ndependent
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murine rotavirus ECw. Experinent was carried out in
two i ndependent assays of 5 mige per group. C. Virus
sheddi ng quantificated by ELISA in the 10% w v smnal |

i ntestine honogenates. The synmbol # neans the
pepBassgestaiing. f Bc shawana rlastifieationd pf leg s/HH expressed in the

spamégg@ﬁql y fromthe non treated/chall enged group,
Fi sher act Test, p<0.05. Bars represent the average

of the ELISA absorbances at 405nm per group. Error
bars indicate Standard Deviation. ELISA cut off
ressi

VBigfife A0t ELISR ISl BN 8RR ThtaRigfhlR proteins
t 0 SRt edraciswbotravids expradsingelapest @R loe fohamfeetedirvae with a

sh
NPUSEFETSSIITR, s SJRUOU AR el cusa
EMicsaplaiasi(Gaksoms, HEUWHDBﬁmﬂfK)aWT@eSGWt di utmsUbrs@rting at 40

ppgm@nnﬁ 50 %‘fﬁm @?bbﬁ@ﬂeﬂouéér%héﬁ%fibw OHF oY aharMé@bated O.N at
‘?gf;)] or frominfected larvae wwth a Non-insert
r

nmbi nant bacul ovirus [Ag(-)] were used to coat
ELI SA m cropl ates (Pol ysorp, Nunc, Denmark) wth

i‘g?@?&%@%}@?%g?@ i@g&%ﬁgﬁ hﬁgﬁﬁg andi Pnggbglvled O N
at 40C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fo_r
art o?és@é of fl’l'lss an Iak;Sgtgh%r}erﬁhﬁoh%frms Ry Bf;Pr‘o?eiﬁ {antibody)

proteln sequence and struct

c‘%ﬁﬂ”@\?‘&ﬁ@é‘ Fiustdredhat eamewes fungiirs andeatistyndependently of the
rest odfthhgrasint ehdin CiEich. d&fm@rh dored E@ﬁ'@ﬂ&cﬁ teRENdRensional

- d | st ty ft
DR ot sah cbeinde ek nisahlen ABE oiect Many proteins
oforséat ef devetal idtuchiakl domaiins . O elodwimirmayrappagpéan variety of

'[%bo%t}’cﬁfang} Yeié’tfedeﬁfl% ﬁé OBBHabHEt @qung{hogé}nnﬁetween about 25

from
AN agids ngr,@m 59@1 t’#@"’&b paislsi in leagit NTheTHemedmniane adle: to bind

adfipk8. Ph8@omains of the present application bind to protein VP6of group A
RV.

For purposes of this application, the terms “VHH”, “VHH domain”, “monomeric
VHRH” and “VHH monomer” are considered to have the same meaning and to be
interchangeable.

For purposes of this application, the terms “protein VP6”, “antigen VP6” and
“VPg8" are considered to have the same meaning and to be interchangeable.

For purposes of this application, the terms “dimeric domain”, “VHH dimers” and
“‘dimeric VHH" are considered to have the same meaning and to be
interchangeable.
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VHH' and "VHH nononer" are considered to have the sane
nmeani ng and to be interchangeagl e. For purposes of

this application, the terns "protein VP6", "antigen

VP6" and "VP6" are considered to have the sane neaning

ahtie tterm e hpmoskirorenigedgfined gora preipis o8 polypeptide formed by two
aiéi@hh@é%%&ﬁbméﬁ@dbﬁ{aﬁ% mﬂfh”&*m%éiﬁ@lz] 'ége"s\é'dﬂeﬁbé‘fers"

and "dimeric VHH are considered to havé the same

nmeani ng and to be interchangeabl e. The term "honodi mer"

I‘Sheieéﬂrﬂé‘ﬁe@%tﬁmwoisﬁd@ﬁ@éd Rel é(ﬁﬁ@tellrd%rfp@ﬂy}%i)tlbiﬁ fb!limed by two
ut a |inkage

d
TRt BrorBRASHE ety S il & nbeb St
protein or polypeptide fornmed by two different

n‘ﬁﬁ‘@"@&bl‘ésgﬁﬁa"‘ﬁggro:ﬁnta% O@ro‘%ﬁgoan&tlbhgk%?eée%ep%e suitable

€ expressi on gwgond 1 ONsS
t@“‘tiW@ﬂﬁnttﬁﬁb@”l@ﬁ'vlﬂr@’m@éﬁ@ Impa@re growihopldéhe transgenic cells

' {m @féﬁnfe@etrﬂhgl‘@cfbo%r Fnlfoctéé! %p%ﬁ@ r\‘/'eﬁto?‘%ielflﬁed n the mventlon) For
ansf or med fected nfecte

kT, TN DiRs o BBHAG 61 KORdn BRUHPRaMDAR FARSE, gt collected

| Rrindieatdetirkept in growth chanbers at 28C and

collected at indicated tines. For the purpose of the

present invention "vaccine" is a preparation which is
userdineoplirpeset of theupiresent anergmnt fvagtie” ds se aseparation which is

fcitirinEBrtdl?rﬁhgﬁ‘ugﬁ 1 & %%ﬁfc%r arpaééb&? h”l%‘rﬂhbgm&‘? dksigned to

é@@e@ea%%gﬁwg@t%af m@mmﬁle C@ﬁﬁ%%*‘eﬁd‘rﬁv gl isrommises an
Neminb aciEee ms&ectaa@rdrﬁ)tﬁ@gr& @Eﬁaeldfb ECQAD RB6Q1, SEQ ID

A0 2R BrS They Do TBE @Ewolﬁdsé 8 R0, 4 1D No,
i ihun8EaAIul 1ax ordo. THE, emcbss:omrblhahidr@ct itheregfjanektipient and
qh.,rﬁurhg}ﬂ‘w R)%d sequence (pol ypeptide)" to be

adm ni st ere

I'na mammal to prevent the infection
produced by RV, refers to

The expression “effective quantity of an amino acid sequence (polypeptide)’ to
be administered in a mammal to prevent the infection produced by RV, refers to
a pre-estimated amount of the amino acid sequence (polypeptide} needed to
bind the epitope and block the action of the pathogen (virus) that eventually will
infect the host organism.

The expression “effective quantity of an amino acid sequence (polypeptide)” to
be administered in a mammal for treating the infection produced by RV, refers
to the amount of the amino acid sequence (polypeptide) needed to bind the
epitope and block the action of the pathogen which has already infected the
host organism.

For the purposes of the present invention the term “mammal” refers, in general,
to members of the Class Mammalia, for example: human beings, bovines,
caprines, ovines, swines and equines.
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infect the host organism The expression ' effective
quantity of an amino acid sequgpce (polypeptide)"”

be adm nistered in a mamal for treating the |nfect|on
produced by RV, refers to the anbunt of the am no acid
sequence (pol ypeptide) needed to bind the epitope and

blaogikddeesaglidrie Rf défedd s IheogA %in%haéiéssétlde%%gﬁthat links two

|nf ect ed the host organism For the purposes of
MOMEGIXARINSN the term "mammal " refers, in
general to nenbers of the O ass Mammalia, for

PR A B RSSO B V4 B oot o
atheairitagmedinte seqslénpr@teshamf then kisoupvas ﬁho\dﬁ‘ﬁ; ds described. It is
Eﬁiﬁ\lvﬂiihaﬂhg \ﬁ—%ﬁ%‘??ﬁ%eﬂ%ﬁ%{) ) gﬁsaoy%actlve protejns which may be

aracterlsatlon rect
dliestte keapsgcing bRWErPabimiwEogiagng sic p&sawm the getection

d@sgrdd@)enl RV MoFeGROWM i$ @ﬁbwhhﬁai\/élblnefoftthe sér@&@ala@m VP6 VHH

t
Bk iean ek AT aRD . ARy nfiliRoandgRBL S AR gy protect
t hgaidet eicali crallehggriousvd Q. thé/b:radB/ef thait khewigkigenthe inventors

t 0 t sel ect V h a :
R0 She IS5, 66! ol M0 L URERIGER, o s
VWRighrjnd de pagainn‘élPG\and&avehwut@hgeguactnvityo On the

basis of their know edge, the inventors believe that

&3 H—I of the invention are the first nol ecules to be
diserdapda amipnhei Wdh dorpatsedintherpvamiipmdbe animal immunisation

n§¢l'tercﬁile %Patquamt Figutey -1 W@tS?ﬂS@FﬁﬂMéU aht gvider ttbevdilidte the llama’s
donmai ns 0 e i ven n a

SEATRUR o Snonte: B AL ad Sublg piBRRY 1785 e anplvsed by
elzblS At erusheeltraligation mﬁftslhassegmoase thehgpenifid aRtibaadsecreting
abl)is F’&@ﬂ{d fﬁog ’\éﬁééﬁﬁlo‘%rﬁe??h?ﬁﬁggd% EHS%TV?\EUE%(pected

neutral | sat {
api i #ayyOseesleinnagulation s Qﬁ’kcdhat »lla@parsn V‘{%ﬁl pReiige for anti-RV

bhesbaies, %@Bﬁd@@@vmsﬂdnﬁ%n%%%@ﬁﬂom@%@q}r‘ueﬁa were no

p%r?tgﬁl []s?e%wet?gd cells( %)IJ?CL?IEatIng T bloonaSl cTay oﬁc’c;st-;n]ectlon the anti-

IND-RV or anti-VP6 antibody titre determined by ELISA was high and a peak of
RV-specific antibody-secreting cells was detected in peripheral blood (16 cells
producing anti-RV IgG/5x10° mononuclear cells). The humoural response
reached a plateau from day 14 post-injection, with high antibody titres for both
the whole virus and protein VP8. On the conirary, the neutralising antibody titres
remained similar and very low for all the different RV studied (IND, B223, Wa
and H2). Although very high antibody titres were obtained in serum, the quantity
of anti-RV antibody-secreting cells detected in blood decreased with each
booster (Figure 1). For this reason, and in order to provide enough time to
favour antibody affinity maturation, the llama did not receive the final VP6 dose
until much later, on day 246 post-injection {(approximately 7 months after the 4th
dose). Finally, the llama was bled 4 days after the last booster, reaching values
of 26.8 anti-RV 1gG secreting cells/5x10° mononuclear cells. 6x10°



anti bodi es, indicating previous contact with the
anti gen. However, there were no anti body-secreting

w@2iobe1adr cul ati ng in bl ood. On day 7 post-i njRCT/ERIVNS/059745
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the anti- IND-RV or anti-VP6 antibody titre determ ned

by ELISA was high and a peak ofy RV-specific

anti body-secreting cells was detected in peripheral

bl ood ( 16 cells producing anti-RV | g@ 5x105 ] _
noweeaErlear cels |wgre eméam@ﬂmfaw&(b obfselopdathdeh gontained at

Pleaise s ABOMANA¥pAATIPORIG | BhSSd Bacrtlitd BLIED ABLIRAY to the

or bo he whgl e virus "an el n
t EL @%@hﬁ%kw 5t Rom g FNA BI9egssed (% ? ygl .atY!éE phage library was
r gemeragst swhith atoraaided e yx |1l Eiohes! thhea@blrﬁét&frel&bh&%e used

S%?”%%%J‘% et %o oYt VBt o BHERYOE Rah P preortant to

okcliave - yhanaiubedpt sepmoiic mgxt;betij/-sedmizagt edlis matiezothan high
d&ﬁﬁkﬁft‘ﬁfeﬂtr i dé;r%%ﬁﬁétefhe( Fhﬂ mté:r%tt OIW 3Pne Vvaccination

reason, | n or I ovi rg
amh%@wsadf it wasyparsile é@ obtain shﬁwla sadiidéesmot speolffc antibody-

rﬁé‘(ﬁéﬁr@?t&@lsf 'C'I;‘rf&o gy(ﬁﬁtsd%g)@?sﬁgzg 'eau E%%?hghgmt%gtrﬂﬁﬁa]low us to
zte'ﬁhﬁ&ie tJF:ﬁP\%\I Fiedhed otk faJé%Wbﬁedmma% aﬂlﬁmas immune
t leepbasé, !hcmdéie'fo bUI ikbs MHH ilbﬁir%d,as tofseldet & taotiniqldy that@valuates

SER T Bk B

ar cells.
é’ﬁeﬁe@; grelianng in peripheral blood,
binstead( aftihe Isesumtaitibedy ditrek egeinsd e aotiger/ob imernest. According to

'tgag' rH%@&nﬁS&%ﬁ%ﬁuﬂ%ﬂﬁg g%ﬁe% gggﬁ cg iNdal %hbﬂ/ﬂ\}ﬁa SNecination

r es From t
Wih & Pn@eiatege é"teé\ﬁ’@@" B’ﬁ?lﬂ@ﬁ?ﬁéﬁr%n%eiﬁhe circulation

Céﬂ@%ﬁeat@h@;uﬁﬂﬁﬁﬂ BBk} élﬂf[@'éhﬁﬁ@dy@@&eﬁﬁg\@%ttﬂ?@ie-ﬂph@ral blood. It
order to obtain th ent |

i HRB AISthEN W Al ?é fﬂﬁ‘y@qp%ﬂ Iégc qlt|cg~bg€¢qe1l Itg 2 GréBier number of
acitduedohy arditoellyt segrateld seliseddadmsttthamntiggh ocdimtétestthan at 7 days

t[i};]cﬂsrt‘?ﬁnc?dtﬂ Fatnodﬂ?eg?rhﬂﬁ}n §alf§na§cgﬁe9ﬁ@%hghld %Feﬁ%% (%@ in such a

vaccl na n sche

sway iatdhe hansien dpes inapplpstia the &amascawg@sir%tmmjhs aﬂer the

agbi 8osd f&ﬁdrtﬁé%ﬁégé%i%hI'é%dat‘éuéérﬁ@raféi:?Wh@ﬁUé"q%@hh@lnof about 20
allowusto od to. follo

iR adigen %ggt'??&ﬁ%ﬂ%@%ﬁ is acfiigyesdin pgribheral blood.
biRielferablyyHbt lahtinaPE , VIHE, tite spiagtity af U@EmtﬂmﬁytdWetlng cells in

SRR O g oRFEA i R Rl .
seraan shiledbivdinet art keswabat ather imeunisdtipensabfenas meayhe used to
RISEMHEURGLIPVHH for the methods and compositions of this invention.

In order to select the phages that expressed anti-RV VHH, three selection
rounds were performed in vitro using RV IND as the antigen. 192 clones were
selected. Restriction analyses were performed for all the clones that showed a
large VP6-binding diversity in the VHH library; this was determined by phage
ELISA. The clones were also assayed by ELISA to determine their capacity to
bind to an RV and to VP6. From 14 clones with different sequences, 10 clones
were selected which showed stronger specific binding to RV and VP6, and they



the pattern of antibody-secreting cells obtained, it
was shown that a vaccination schene with a | ong
WO pogouado bet ween the | ast two doses pronot es REEEP2008/059745
circulation of a greater quantity of specific
ant i body-secreting cells in pe{é' pheral blood. It was
al so shown that, at 4 days post=innocul ation, there is
a greater nunber of circulating antibody-secreting
celdre siaclosedt e aanekpgesssioh vatter ebat tdravidas & chapexy-terminal

LS Lot " , . , ld be
it R NI R s R LR
applied to the Ilanas at |least 5 nonths after the | ast
dgsplieand t he phage col onies are generated when a

antity of about 20 anti-target antigen 1gG .
AU _dbe desilly dhe gupliaiin evsliativh t%glieﬁh@\eavHH domains
-0 ¥53) o] '

o a

-

| BNEAT I on2nd A Of def 1O sel ecin
expAessedzadi - RV MEHH,  thf ee gphgction,pounds yere .,
g?&&pr medyl g Vi tro ysing RV ILtlstas the antigen, 192

ones were selected. Restriction analyses were

pexd1or nedogos al | Jthe clhopes kgt sho él a |l artle

VP6- bi nding diversity in the VHH | i br @ufiedt hi s was
deiiet m ne@ndB phage+ELI & Thernnhones were al ser ot
assayed byrdiE | SA t49 determ nendrdgl r capacity to bind 444

tegan RV gadgto VR, From 14 clanes with different ..
S ences 0 clones were sel ected which showed

stronger Specific Binding to R 8nd VP8, and tHeywerd**
st cl oneddith an exprestfon VEEYr that+provides a  background
Bt B8 e Ui o el ey o1
e P R S L
Bi opan' ning RV VP6 ELISA ' VHH
Four clones were selected which bound more strongly to the RV strains that
corresponded to different subgroups; these clones were called 2KA4 (SEQ ID
10 No. 1), 2KD1 (SEQ ID No. 2), 3A6 (SEQ ID No. 3) and 3B2 (SEQ ID No. 4),
which recognised a recombinant VP6 and its native counterpart of RV IND
evaluated by Western Blot, which indicates that said VHH bind to
conformational epitopes of this protein VP6 (Figure 2). Hereinafter, the VHH
called 2KA4, 2KD1, 3A6 and 3B2 are the VHH domains of the invention.

15
The DNA sequences that encoded each of the VHH domains were the
following:

et

SEQ ID No. 5 encodes the SEQ ID No. 1 domain;
20 SEQ ID No. 6 encodes the SEQ ID No. 2 domain;
SEQ ID No. 7 encodes the SEQ ID No. 3 domain;
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normal +++ ++ +++ 2KA4 2nd B +++ +++ normal +++ ++ +++
2KA5 2nd B -f++ - Lysis + ++ +i#+ Not ++ +++ 2KAL10 2nd
B +++ +++ Lysis purified 2KD1 Z2nd B +++ +++ normal +++
++ +++ 3A6 3rd B ++ + normal +++ ++ +++ 3B2 3rd B +++
++ nor FEQ I3 No+ 81encogies tha SEBID-Np. 4 dwnaial  ++ ++ +++
3D9 3rd B +++ +++ normal +++ ++ background Not ++ 3H1
3rd B +++ - Lysis +++ purified Four clones were

<dhese cskias oh theuAd Wk tbet # PNA saeierce sthahigngodes said
t Bamahty TesPentiad the sid eeberthuss@r%hg@ﬁsm@@%@ oR@Sino acid

\g%égl(%%g E%Ciﬁﬁg}( %Eﬁ@l g(g%q é)}f A (au\%p%l\%E(%)ID No. 5 or

r anotheir A aeqaemmthmmfféfé’ﬁrm GEQ@ SDrNtb i3 eue to the degeneratlon

CBUME Rl oo KRR bk VOB S el o' lino i

epetugrEesdSEMIR No. & 8 andAbsendaidasy ey the redpeetiveaPNér sequences
tggEMI-gU N?'éeﬂa%ﬁz 2KD1 , 3A6 and 3B2 are the VHH
domains o

t’he invention. The DNA sequences that
encoded each of the VHH dommi ns were the

The anti-VP6 specific VHH of the invention were very efficient as reagents for
the immunodiagnosis of RV. The monomeric forms of the VHH of the invention
were assayed in ELISA as capture antibodies, as secondary antibodies or
immobilised by means of anti-His antibodies. The VHH of the invention were
capable of detecting RV strains of human or animal origin with different specific
subgroups and different G and P types (Figure3A).

On the other hand, expression vectors were constructed to produce the dimeric
VHH of the invention that specifically bind to VP6, which constitute identical
VHH genes bound to a linkage sequence similar to the human IgA hinge
sequence, The dimeric VHH of the invention were also evaluated in ELISA as
direct capture, showing clear, reproducible signals for all the RV strains studied
(Figure 3B). The dimeric VHH of the invention may be used for ELISA plate
sensitisation, thus eliminating the need to use VHH capture antibodies and
show better results for RV detection than their monomeric counterpart.

It is worth highlighting that the yields of monomeric VHH expressed in the
periplasma of E. coli were comparable to those reported by other authors in E.
coli and yeasts.

The monomeric and dimeric VHH of this invention have proven to be very useful
for the diagnosis of RV and, therefore, may be used as recombinant monoclonal
antibodies in any immunodiagnosis known by those skilled in the art. |t is
evident for those skilled in the art that the monomeric and dimeric VHH domains



followng: SEQID No. 5 encodes the SEQ ID No. 1
domain; SEQ ID No. 6 encodes the SEQ ID No. 2 domai n;

WEEQNID1IMD. 7 encodes the SEQ I D No. 3 donuai n; BEEPID08/059745
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No. 8 encodes the SEQ ID No. 4 donmin; Those skilled

in the art know that any DNA sgfluence t hat encodes

said domains falls within the scope of this invention.

For exanple, amino acid sequence SEQ ID No. 1 may be
eﬁéﬁteemvewz@mm@ehaenseé fsEay typdoof Bnunadiaghesis@gaay to detect

s e epeahal&id sfs%)?sr BVt %Fé%é&&é}ﬁreth% iHW&ntich.t he

degener ation o e genetic cod sane exanple is
valid for each of the am no acid sequences (SEQ I D No.

~(2,TE§ a?ﬁiwl\ﬁas dgmml@? angf P |h'l_7|_tﬁ1etro?15rﬁa t Q?%\é%se@'eiéc c]f?)%gti\@/alccﬁﬁ!ers such as
. : : i i fi

{ o3 desiings m@%n,v@fy ETRIE] Bodine agéﬁvévf*?ﬁ ffseel to form

i hetenodinsegs,oer exahpkvby filsingrdomaiT 382 hodronedintdis, driflising any

ld BE AR GER 5 Hlgu oL AP prgpore v

nﬁmri@rmferaﬂi ithed lswen’mcbrbduaxesalscrhl@e Miisedf ot mnnmvedltim@enerate
VWBHRIcEHRER %rorﬁetgﬁdtﬁﬁlb é‘gAﬁMh%t F’rﬂllt‘ﬂﬁeﬁé fBHABNHAY ar dse from the

ani rTg ori erent sSpeciTicC sub roups

dp@rfn mﬁlpn@f affdHpnegomers of Hig Eyantio e ebph@pt mﬁwcontam a

d rauééﬁ@é ,Of gl Weiirein CIiRS tsbupé e6f ttRisPirm@dneent he a preferred
| m%r

B R B ARG 1S Bttt closed as
| BE@@ N@Rieorc8EET D IN. 1@ arh8EGuINGL. A, firr@EQ D No. 12. For

ﬁ%ﬂ‘ﬂg{éé ihe hﬁrg% %ﬁdﬁc%ﬁ?ng ag'};g?rtﬁr}}é %@fc{ﬁﬁka%% %Iqﬁleﬁge such as
(ﬁh@wbirb SHQAR Bof 93, 11 afﬂ)h@tﬂlw sequANee (AGk as a hinge
(Eé(g}g fee3B). The dineric VHH of the invention may be
used for ELISA plate sensitisation, thus elimnating
the need to use VHH capture anti bodi es and show better
r €aellfdlfoviing T%‘{éleiehewbism?i baﬁrldctmli'lstlcﬁmﬂﬂ@ﬂirﬂenc anlddmonomeric
is wort ighlighting that the yields
?Hlﬁ%ﬁftﬁ%r’*\ée%ﬁ expressed in the periplasma of E
coli were conparable to those reported by other
authors in E
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i nvention have proven to be very useful for the
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recombi nant nonocl onal antibodies in any

I mmunodi agnosi s known by those §kllled inthe art. ft
is evident for those skilled |h the art that the
nmononeri c and dineric VHH domai nsof the invention may
be used for any type of i mrunodi agnosis assay to

datgfd 2RV, and that said assays fall within the scope
of this invention. The anti-VP6 domai ns of the

i nvention may be used to construct dinmers such as

t mreeasieasidsbed herein, for exanpl e honodi ners, or may
: ; :

t BEAdcope ofP&his inBéhtion. In aves ef erredNO

epRodi ment Vpﬁ@e VHH dingrs of theyiqventiongpgve the

sgggences I%él osed as SEQ ID No.” 9, or SEQ I'D No. 10
SEQ | 11, JBBEQ ID No.¥@D. For eN&RjNe. the

dBBe8s nmay URapr i se am. @m no aci dyd_;g nki ng sHjgmeNCE,

Ay ot her

lience t dpets as a hinge sequence The fol | owi ng
Te&iatedshows some charfagteristics BOD the di nlf) ¢ and
€8t the invention.Table 2 Characteristics
tel n Large-scale \ Pol Neutral i sati on of
ty 1 production reactive for infectivity .

v2K\!5F>6 5%\1!51[ yes NO yes Low

Biv3A6  NA 1.72 yes Low —and  strain-
dependent

"Determined by WB against RV IND and recombinant VP8.

? Based on a set of 6 cultures of 0.5 | each, purified by means of an anti-
histidine tag column.

% Detection of RV strains Sb 1, Sb 1l, Sb no I: no Il.

The anti-VP6 VHH domains of the invention were capable of neutralising
different RV strains in vitro. Three of the four monomers of the invention (2KD1,
3A6 and 3B2) showed broadly neutralising activity in vitro. The neutralising
capacity of each VHH was homogeneous for all the RV strains evaluated.
Monomer concentrations from 3.9 pg/ml were capable of completely
neutralising the infectivity generated by 100 FFU of RV strains C486 (P[11G6),
IND (P[5]G8), B223 (P[11]G10), Wa P[8]G1 and H2 (P[12]G3), in vitro. Table 3
lists the neutralisation titre against different RV strains of a solution with a
concentration of 2 mg/ml for each monomer.



2KD1 VP6 2 1.3 yes Hi gh 3A6 VP6 18.6 yes Medi um 3B23
VP6 16.9 yes High non- Cellular related 7.2 NO NO

Werope1a100/HH Di mers Bi v2A4 NA 0. 90 yes NO* Bi VRXKIDLPIAS/059745
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0.50 yes Low Low and strain- Biv3A6 NA 1.72 yes
dependent Determ ned by VB aga{éwst RV I ND and

recombi nant VP6. 2 Based on a set of 6 cultures of 0.5
I each, purified by neans of an antihistidine tag
colum. 3 Detection of RV strains Sb I Sb Il, Sb no I;
nqabl?SThe anti-VP6 VHH domai ns of the invention were
capabl e of neutralising different RV strains in vitro.
Three of the four nonomers of the invention (2KD1 ,

3NeuBafsaRA titkhened difarel shorridr! Arkd ﬂ%ef’rlﬁH‘i/md’othéns

vitro...The neutralising capacity of each

d

honmogeneous for all the BV antbgdyditieyal uat ed. Mononer

concentrati ogHfrom 3.9 /m m&gﬁca&a&l@g of Wed b H2
letely neutrali,sin i nf Vi ner a y
WU of RONSETIARL 6 (Pl JE},%), |ng> (P[51g5, o0 nob
BRABaipP[ 1 1p&iayed Wa P[ 8£G1 and éP%) %GB), N noll
vitro. Table 3 |ists thePReGPr drliida®i &l a1 %@&@ﬁstp[mps
' RV strains o lon with a _

a solutio

2KA4 <8 <8 <8 <8 <8
2KD1 2048 2048 2048 8192 512
2 mg/ml
3A6 1024 1024 256 2048 128
3B2 1024 1024 2048 8192 512
von-related 0.4 mg/ml <8 <8 <8 <8 <8
VHH
Dimers™ T
BiveKA4 0.5 mg/ml 32 <8
Biv2KD1 0.5 mg/ mi 32 128 8 128 32
Biv3AB 2 mg/ml 128 512 8 512 128

"Neufralising antibody titres for different RV strains, expressed as the inverse
of the highest VHH dilution that reduces >80% of the focus-forming units
generated per 100 FFU of each RY strain.

Therefore, the VHH monomers were capable of neutralising RV strains
belonging to different combinations of G/P types that normally do not induce
cross-neutralisation. The VHH monomer with the greatest neutralisation
capacity was monomer 2KD1. On the other hand, although monomer 2KA4 was
capable of appropriately recognising all the RV in ELISA, it did not neutralise
any of the strains studied. The capacity of the VHH of the invention to neutralise
high titres of antigenically different RV strains is of great significance and would
make them poly-neutralising molecules; this property makes them potential
prevention or treatment tools for RV-induced diarrhoea regardless of the
serotype (27 P-types and 16 G-types)




Neutralisation titre of the different nmononeric and
di meric VHH domains VN antibody titre VHH H2 [ ND C486

W®GB2R30W00VHH concentrati on Sb nol, Sbl Sbl SblPCGIEP2008/059745
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Domai n assayed noil P[5]G6 P[1]G5 P[1 1]GlL 0 P[8] Gl

P[12] G3 Domai n 2KA4 <8 <8 " <8 <8 <8 2KDL 2048 2048

2048 8 192 512 2 ng/mM 3A6 1024 1024 256 2048 128 3B2

1024 1024 2048 8 192 512 Non-related 0.4 ng/nm <8 <8

<G he8dindedHY HIH neicvdl V@seAhelitialisatiormacti@ity<8ha48 tB&ir ®onomeric

Bi ng/ m 32 128 8 128 32 Biv3A6 2 ng/m 128
5%&5@%"1&3{8’;28 Neutral ising anti body titres for

different RV strains, expressed as the inverse of the

hi e il i t C 0 . th
Fapucc it U AL B 90 Yo o ®, g g provent
s Hfase2e RPRAeRtbY FL NipfioRoWawEV IR Tedpigherd.greonatal mice

neugls abinfiniBier&Y asddiBi infahestap dices dfo/HHTbEs eRlys (day 0 to 4). The

C%E?é r\}v%tr(ia %H%né’ﬁgeﬁ gn td¥1§3161s thtﬂ%tlrapg{r%l éXB&OaIQc? toy'igtqgé:aestric route
(Fig 5). 60% of the mice treated with monomeric VHH of the invention 3B2 were
protected against RV-induced diarrhoea. This protection was significantly
greater when a comparison was made between the treated mice and the
untreated mice or those treated with non-related VHH (p=0.0108), wherein all
the mice suffered from diarrhoea (Table 4 and Figure 5). Moreover, the severity
and the duration of the diarrhoea in the animals treated with the VHH of the
invention were significantly reduced as compared to the contral groups.



cross-neutralisation. The VHH nononer wth the
greatest neutralisation capacity was nononer 2KD1 . On
wae bwootdier hand, al t hough nononer 2KA4 was cape@l/BP29P8/059745
appropriately recognising all the RVin ELISA it did
not neutralise any of the stra_L@s studi ed. The
capacity of the VHH of the invention to neutralise
high titres of antigenically different RV strains is
offapteedt si gni fi cance and woul d make t hem
pol y-neutralising nolecules; this property nmakes them
potential prevention or treatnment tools for RV-induced
diPaplertien apaipst esehwllenge wéthsBelaviype in Retatingypise and
16 G types) The dinmeric VHH showed | ess neutralisation
activity than their nononeric counterparts. The

caprimaptor tRe WpMRRBNers of the invention to treat

ather éq:rgenbfT di ?L—@derm uﬁ‘etd Wl RV ECUTQEdRS — Severity
e uat e 0 | S na, neon, a m Gge re .
IR P R S EB ¢ hemAE o stypduraions of  the

dapse (dayddy t o 4jn Tine nincethver aeffedtalil enged @h dathel diarrhoea

gkt h,vi .nStrai 6, by intragastric ¢ .
\(I\,E?rg%%ﬁ %% of taﬁoe%gsﬁ ce&Jto}agat ed with nononero’ﬁagr“iﬁgl of!

t fb Chedefideon 3B2 were protected agai nst RV-imduced affected
dparr gaga. 1:This protection was significant| yaggg%er animals
Wﬁe%ﬁa conpari son was made between the treated mce
alvd%fhe untreated mce or those treated wi thanimals.

néxicebarad VHH (p=0.01 08), wherein all the mce

, ty and

diarrhoea in the aninals treated with tthe VHH of the

KRR on ver o SianCE9g Lones o3 seoreR © oo e

ontrol groups. tection agains
chal lenge with Rotavirus in lactating i ce Treatnent
i gABI arrhoea {d08 onypof Avegn Megm Ay MeampBeveri hg | 4.39 AB
G VHH duration severity_animls Onset duration of
the once a day in the inXEt”he affected 8f the diarrhoea
f8B24 days: 0-1@rOi®Bor ouh6litar r4oea i n 1595 Chald Bnge iB62 B -

Non-related 5 2.4AB 44  100A 12 A 24AB 44 AB
VHH

Positive 5 0B 21B 0B na na na
polyclonal

serum

Normal 5 24AB 425 100 A 12 A 24 AB 4.25 AB
polycicnal AB

serum

Untreated 15 3A 53A 100 A 1.05 33A 531A
/challenged A

Untreated/not 5 OB ha 0B na na na

challenged




on day 1: affected animals C486 animals. (2x1 OL5 FFU)
2KA4 10 2A B 3TB 80 AB 25 2.5 AB 4.12 B A 2KD1 10 1.4

wE2@98%1® /0 AB 1.28 2.0 B 3.78 B A 3A6 10 2. 2PNBEE2008059745
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90 AB 1.22 2.4 AB 4.39 AB AB A 3B2 10 0.8 B 2.65 B 40
B1.25 2.0 B 3.62BA Non-rela1t d5 2.4 AB4 4 00~A
1.2 A2.4 AB 4.4 AB VHH Positive 5 0 B 2.1 B 0 B na na
na pol yclonal serumNormal 5 2.4 AB 4.25 100 A 1.2 A
2na: At appkcakll: pol ycl onal AB serum Untreated 15 3 A
5.3 A 100 A 1.05 3.3 A5.31 A/challenged A

Untreated/not 5 OB na OB na na na chal |l engedna: not =
appeireenn vales et senaclenns ethsdifiererdighers diffen significantly

%Kﬁu%k@l%alli@? @@)_@5?3} ffer significantly (Kruskal
I'1is, p<0.05). The percentages of affected aninmals

wth different letters differ significantly (Fisher
EXhet pdreettagesOofO&lfected animals with different letters differ significantly

(Fisher Exact Test, p<0.05).

It is worth noting that the highest neutralisation titre was obtained against the
human heterologous RV strain (Wa, Sbll, P[8]G1), which is considered to be the
strain most commonly associated with gastroenteritis in children worldwide.

The production and purification of these antibody fragments may be performed
with high yields, leading to lower production costs. This is particularly relevant in
developing countries, where the magnitude of infection and the
morbility/mortality due to RV is enormous, and treatment and prevention costs
are critical limiting factors.

Any person skilled in the art knows that, on the basis of what is disclosed
herein, the VHH domains of the invention may be produced by synthesis of the
corresponding nucleotide sequence and the expression thereof in any host cell,
without the need to create a phage library.

It is evident for any person skilled in the art that different combinations and
mixtures of the VHH monomers, VHH dimers or VHH multimers of the invention
may be used for immunodiagnosis, prevention of RV infections and treatment of
mammals infected by RV without altering the spirit of this invention, and wherein
all the possible combinations and mixtures fall within the scope of this invention.

Such as it has been mentioned before, four clones were selected which bound
more strongly to the RV strains that corresponded to different subgroups. These
clones were called 2KA4 (SEQ ID NO: 1), 2KD1 (SEQ ID NO: 2), 3A6 (SEQ ID
NO: 3) and 3B2 (SEQ ID NO: 4), which recognised a recombinant VP86 and its
native counterpart of RV IND evaiuated by Western Blot, which indicates that
said VHH bind to linear epitopes of this protein VP8.



It is worth noting that the highest neutralisation
titre was obtai ned agai nst the human het erol ogous RV

W& 200901100/, Sbll, P[8] Gl ) , which is consi dePEHEP2908j@59745
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the strain nost comonly associated with
gastroenteritis in children wu%d dwi de. The production
and purification of these antibody fragnments may be
performed with high yields, |eading to | ower
production costs. This is parti cularly relevant in

dg \éx‘fd ﬁ@%’&%i@f"tﬂfeﬁ?@e}ltlomgrﬁ EP?\I@B‘Q &/hrGPtl"%f nuaé&?‘dé Q uences

e nor enor nous,

t peﬁ*@m@%t onepr éféﬁt |Doﬁ1Qo§tf@ 8 enat ibei thaprted nint am]gapproprlate

f?é‘dd?ﬁﬁinaﬁm(/eﬁl%rrs%ﬂcﬁkaé |eﬁ‘¢ dxPrddiforectdhOVFhelrdate, ﬂfé present
di scl osed herein, the VHH do

t he basi
ofPEREoh TR BT a5 RO BRRICR OBk Fap docst SHH seduences
cﬁ‘he@gxﬂkwlu dsfghawvetioold déurntionariciee ape diteostxpl @swhieh the vector

TGS e iR OB T W B SR ot

t thatapnce lids intrddusedrin themoshaeli, oamtagmtmi or mokén Hfe genome of

tgﬁldvﬁb'sm&%ﬁn%a?d Qé’éﬁ)rdbgﬁrﬁe oébtgfﬁ'éd”H Ve Sar\ﬁ}f Krid%n method

i nvention may be used for i nmuno |agno is, tion
ofORpripad e'é't hehsstated of r &gt meind Samnb | 8l h9a éa By preferred

ﬁn&Moﬁhﬁéﬁt ahé efdoidr bh%éﬁh\?éﬁtloﬂf calie U@é@ﬁb' B8, indé¥ked in the
erein

PionShD, & Habher BRESA e AACE A PR3 g KAERBp can be, for
hazsarpkn Agrobacieedmbiincefaciehe wr a:k/male\mom;r ebiseioelnd edpressed in

\A’glaﬁ? &%a@éﬁs SI‘[ﬂlfreg ?}%lrt%/CLﬁé} ér'ﬁ%og%éﬁltr ﬂ\@%lrép%ctowrsgd in the

Ires sub hese ¢C
car%@a mntwrsaﬁawlmuqosee i@§E‘EQ ID NO 2), 3A6
(SEQ ID NO 3) and 3B2 (SEQ ID NGO 4), which

n| sed a recombj nant VP6 and its native
colR RiECArayLerESNIS T ansiinand plfangecing, opinfecting plant, algae

i Bdlaﬁ‘&ﬂﬁis ddlial efataMipHinyertl ¢ro0 [avheatelepi Thersore! the present

t hi L. VI i on®m ofthelnve 1,Q S D,
v Rog K e S Xa P e e B, SR B0k B Rt by the
t vesto( SHeliveydions to 8) may be inserted in an

appropri ate reconbi nant vector, such as an expression
vector. Therefore, the {)resent i nvention further

r kY %péefﬁaearer@&?ﬁlmi ghtheelbvertiamdie tignpeerieged d¢ gn animal cell,

wﬂ@.@@qs a Thsecel &t iapa aforkh réﬂl’@r@bﬁ/f a $ar@ad UBCIsaRN iRdect cell.

ﬁere’f&e tﬂ‘é HQ\?eSnttlo%efurther re\?hrs with a?ransgenﬁ: non human animal, such
as a transgenic insect or transgenic larvae expressing the peptide characterized
by the SEQ ID: 1 tc 4 in a high vyield.

Therefore the vector of the invention can be used to produce and/or store the
domains of the invention characterized by the SEQ ID NO: 1 to 4 and/or 9 to 12.
Consequently, the present invention further refers to a method for producing
domains of the invention that comprises growing the cell or the organism
transfected, transformed or infected with the vector of the invention under
conditions that permit the production of said domains. The conditions for
optimizing the culture of the transgenic cell or organism will depend on the type
of cell or organism used. If it is desired, the method for producing the domains



IS going to be introduced. Illustratively, the vector
may be a plasmid or a vector that, once it is

WO popotueed in the host ceil, is integrated orPGOEPINS/059745
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t he genone of said host cell. Said vector can be

obt ai ned by using any known rreé.pod conprised in the

state of the art [Sanbrok et ai. 1989]. In a preferred
enbodi nent, the vector of the invention can be used to

bef thesisveriibri furthiee coemoises dfeiplsafatioorarehpurification Ifsllowing any of

Tm@%]eﬁﬁ‘tﬁj MeSPIh Bk 4e invention can be, for exanple,

Agrobacteriumtunefaciens or a viral vector able to be
expressed in plant or animal cells. In a particular

eopidtentd tdigbddifint,Vedieor pregeat | ivbABok! @6RA to  antibodies

|nvent1[on i, Bacul ovi rus %ﬁ e Exan‘g_{se 5%. . The vector

nﬁ?arﬁg qicet WFHORTIRIAY AP E?e PRANSLf A dnvgntion:

infecting plant, algae or animal cells, preferably

i nsect ,or [ . ce T, ore..the prese . T

| nvent RonmeBPIRSic TV  WEho dervel®, PRREF Shmstie  antibodies,

t r ansf elsaragtesised i duatddcdrpptisas thecsasiuentes iselected from the group

| nvent idfhed iy SERY b /Id. A0 Q9B WEDS, SEQRENGNSCH BEQ ID No.

the transgeni’c ce is an_aninmal cell, preferably a

i nsect 4cwhereimgaifuiamaing pindis protein ¥Rmef goup tavirus (RV).

i nsect cell. Therefore the invention further refers

wth a,tr,ansgeni.c,,nqn_hu ni. mal ., such .as

{1 arts gBn PN TS atlHo AOmAI dheh BingS, o rtsipr ¥BEG: Af 9RMP A RV,

pept i deharhatesisedr inz¢tatbjt thmpBE€S 14D Iehst ook imomorheglsequence
i eld. f ' ' e

J1 o1, TBBERTRGR 18 el o Uy LENGURGS i Pz 10 o

| nvent | oREGHEX bet & SEGHDHNOL BENGREQIDNGD. 4 t o 4

and/or 9 to 12. Consequently, the present invention

further refers to a nethod f.or oduci ng domai ns of .
¢ ABOHGY 8RPSEH P! Hha PressibiMestion 1P Ak feeimusodeiretion of RV
ot@apiising tanearafrecicd setjnansd seleekdoromnithegred Yérirted e SEQ 1D

vgact or e\ i f NN ergi
tﬁégéggﬁ&ﬁ“&?- oy SEG B At EAIRNG A EaR.RBL P bEQ D No.
op?.i PEQi IRgNo htl, SEQUPNof 12, mnd camisigetivrs thelrgofor

organismw || depend on the type of cell or organism

used, if it is desired, the pnethod for producing the
dbhairvestiop Aathensefars dp anamiey agid seAHeRee paleried from the group

| B@natigNSEQdICP NG fii SEQ ¢ N!d, ®EQIDawy. 9f SEQED'RbhAJSEQ ID
qug%, 'élscbhn% ﬁlrot.'m, SEQ ID No. 11, SEQ ID No. 12, and combinations
thereof, for use in a method for the prevention of infections produced by RV. In
other words, the invention refers to the use of an amino acid sequence selected
from the group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ ID
No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, and
combinations thereof, for the manufacture of a composition for the prevention of
infections produced by RV.

Morevoer, the invention further refers to an amino acid sequence selected from
the group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4,
SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, and
combinations thereof, for use in a method for treating infections produced by



In preferred enbodi nent, the present invention refers
to anti bodi es characterized by conprising any of the

wolaiweingof the invention: A nmononeric VHH doP&l/BEP2008/059745
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derived fromcanelid anti bodi es, characterised in that

it conprises the sequences seltﬁ%ed fromthe group

formed by SEQID No. 1, SEQ I . 2, SEQID No. 3 and

SEQ I D No. 4, wherein said donains bind to protein VP6
oﬂ%\gr!anrihér wotds;ithesn{dpn referditorthe uséR aloamiino ERRE sequence

DB L8 Dol BT S ST S0 o . .
S@Ee(ét'@d% FZEI’ISE@dDgNOUQ SoEhHY Ny 1%6&}@%@6@ SE@niD No. 12,
i %n@%h&n@ﬂon%thé‘%@f | %r'\m]e gﬁnu%rle ?BQI’IIaEQOI’ treating

er aspect o resent inven
r@”ff@P”éo"tSoor&dHP? PRV -nnunodet ectl on of RV conpri sing
an am no acid sequence selected fromthe group f or med

R%:lnai()? lf&%bq%%w%ggtlogé%%l%%m m%jwocé% qa@smg %nﬂuggglon that
| BoiNpris&?, thendneouidioratdfons telffec’e\té quimgity nofeniveé ombove defined

f I d f
RS e e BB R REY 1 °Sd0 1D o. 2, SEQ 1D

No. 3 SEQID No. 4, SEQID No. 9, SEQ ID No. 10, SEQ
I D No. 11, SEQIDNo 12, and conbi nati ons t hereof,

rreth for the reventlon of infections
oPERESH Dokl CORBING 18 THEr BUDAPEST

t TREATYISe of an am no aci d sequence selected fromthe
group formed by SEQID No. 1, SEQID No. 2, SEQID

No. 3, SEQID No. 4, SEQID No. 9, SEQ ID No. 10, SEQ

| Blagmid10FBBEYHD (dme Eampiel 5)owhs ndepasitedt imetleofSpanish Type

f@ult“@d@l@%ﬁi&??ﬁ%ﬁf Lﬂl&&%%ftV%Bn% %‘?ﬂ with the accession

prevention ecti‘ons 8 revoer

i AveRer 6IEG TrdHe onrte slate P3.040%ni no aci d sequence
selected fromthe group formed by SEQID No. 1, SEQID
No. 2, SEQID No. 3, SEQID No. 4, SEQID No. 9, SEQ
ID No. 10, SEQ ID No. 11, SEQ ID No. 12, and
cEXAMRBLESNs thereof, for use in a nethod for treating
i nfections produced byRV. In other words, the

invention refers to the use of an am no acid sequence
This invention is best illustrated by the following examples, which should not be

interpreted to be a limitation imposed on the scope thereof. On the contrary, it
must be clearly understood that other embodiments, modifications and
equivalents thereof may be used which this description may suggest to those
skilled in the art without moving away from the spirit of this invention and/or the
scope of the attached claims,

Example 1: Obtainment and purification of the monomeric and dimeric
VHH of the invention

Obtainment of the VHH library of the invention:

The reference bovine IND RV strain was used (Sbl; P[5]G6) as an antigen in
the biopanning process to select the VHH. In order to have an RV panel that



selected fromthe group formed by SEQID No. 1, SEQID
No. 2, SEQID No. 3, SEQID No. 4, SEQID No. 9, SEQ
WO Dodo1610®, SEQ I D No. 11, SEQ ID No. 12, and PCT/EP2008/059745
conbi nati ons thereof, for the manufacture of a
conposition for treatlng |nfecé$ons produced by RV.
Finally, the present invention“Tefers to a nmethod for
passi ve inmuni sation that conprises the inocul ation of
me[elfesenta difepmasubgpupfreabtivitidsowith différapticembinatidhne sf G and P

R s o) o SRS s

(§§ deRalrARle 45yergdsclyepddn the dafiﬁer@mfeassgaﬁ |p§ﬁfowpd to produce the
CWHH" thgohhﬁé‘ets' Wéré Grbpgagatbhi %efrﬁin‘kﬁy OI;dNé\} QR0% a(-IVIA-1 04). Also

pai, n th essi on nunb

5 oI Wa% REESSRPE TMRVCA OIS T SRREVoq naef!@taf gall infected
byv;thhthé tNDoswaig axteplies, ofvpreinrijoatdtidbnnand bt the peak of virus

ed to be alimtation inposed on the scope
tﬁéﬁ%ﬁ#ﬁa()lthe contrary, it nust be clearly

under stood that other enbodi ments, nodifications and
equi val ents thereof nmay be used which this description
may suggest to those skilled in the art w thout noving
away fromthe spirit of this invention and/or the
scope of the attached clains. Exanple 1. Obtai nnent
and purification of the nmononeric and dinmeric VHH of
the invention Cobtainment of the VHH library of the

i nvention: The reference bovine IND RV strain was used
(Sbl; P[5]G8) as an antigen in the biopanning process
to select the VHH in order to have an RV panel
thatrepresents different subgroup reactivities with

di fferent conbinations of G and P types fromdifferent
ani mal species and from humans, the reference RV
strains listed in Table 4 were included in the

di fferent assays perforned to produce the VHH The
viruses were propagated in nonkey kidney cells (MA-1
04). Also



i ncluded was a faecal sanmple froma col ostrumdeprived
neonatal calf infected with the IND strain at the tine
wo@oopowidnnocul ati on and at the peak of virus PCI/EP2008/059745

spreadi ng. Table 5 Reference rotavirus strains used in

the different procedures perfg] med during the

production and characterisati of the VHH of the

i nvention RV Species Subgroup G P type Procedure

Strain of origin C486 Bovine P[ ]G Reconbi nant VP6

Tgbgqp used for vaccination and for specific ELISA
ane_anti body response (VN) Binder characterisation

(VN, ELISA) Challenge in mce IND Bovine | P[5]G6

BRBARENGEkORLINQS s{BirRPassH ﬂﬂthé:’ dfeferk r%éegul%‘é%erformed during

character|sati a t| bq response
5 (iR prediicen #0q sb%ﬁffeé@zﬁom h‘?enﬁ"b?flthﬁ]'wt@ﬂgna

anti body response (VN) Bi nder char act eri sation (VN

P[T1G6 “Recombinant VP6 antigen
used for vaccination and
for specific ELISA
Llama antibody response
(VN)

Binder characterisation
(VN, ELISA)
Challenge in mice
IND Bovine | P[51G6 Binder selection
(Biopanning; Phage-ELISA
Binder characterisation
(VN, ELISA)
Llama antibody response
(VN, ELISA, ELISPOT)
B223 Bovine PI11]1G10 Llama antibody response
(VN)
Binder characterisation
(VN, ELISA)
Wa Human [ P[8]G1 Llama antibody response
(VN)
Binder characterisation
(VN, ELISA)

H2 Equine no | P[12]G3 l.lama antibody response

no H (VN)

Binder characterisation

(VN, ELISA)

C486 L Bovme




Bi nder characterisation (VN, ELISA) H2 Equine no | ;
P[ 12] G3 LI ama anti body response no il (VN) Bi nder

w@bmwp/aotieri sati on (VN 1 ELI SA) I nnuni sati on of REEEP2008/059745
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| lamas: Protein VP6 derived from bovine RV strain C486
(SbIP[1 ]G8), was produced in 9 ceils infected with

a reconbi nant bacul ovirus. A orffe-year-old male |l am
received five doses of crude cellular extract

cont ai mmgnisatomgf ik kP arPreteinW/PB dexiVéd drdm adyinediy strain
{Marcol : Arcel : Span: Tween) at days 0, 2 1, 28, 35 and

246. Serum and bl ood sanpl es were taken at days 0 , 4

ahd88 {DIPLUGEY s&shprotused! i iS99. cetiseiniestadr with a recombinant

I BEAABFiIRUAR cfh‘éa st ad r*ﬁ&leEHérﬁé Rdivedr fle doses of crude cellular
neutral i sation

(see rt el o
cotrad: SR obPr 89 ol ViehpdRkeY AWt NBGT off adjuvant
aa\ﬂamomscamhéﬂmm Cia\t dayﬁnmmwa; 185 andters. derum and blood

USRS Ui PHRRCAY DS | R ol EOE Rhostaion. o
phewicotal rEEp@RETWas svpiugied foqrEieléBA angiviral aadtralidaties (VN) (see

(5@{@‘?2%'0%32 cﬁHe i’c}ogv?\éﬁb ltf{?r\éﬁgétoy rgrlﬂ&?ﬁ’%&g;%msewga ELISPOT

i APt WISs avépteplumhmb detgratines tira 3uroben o IRY-specific antibody-
I @é&éﬁ@@ ajefid iRes&iphetal Blobda§f thd frRICBREEY - 112854, ebh Mhe basis of

nf ect ed RV | ND
eI fasSey S oo et BB cabieaP ariena, V.C. et. al.
fVﬁEdinrrgmmanmr%aWilwﬂ A4S . 2004t landOPamerboNeV. et. al., J Vet

Ve e ShEPERICLeafAG.ATH2b, SISV e BolfoRBgroi solel

faom mieigpiee). dBrigfiyo ddA{10B) celis trif@:temwﬁtfuBﬁ\édNDl {awidn more than
V‘@@% ﬁ‘#é’cﬁ%nt S’et%E%d"’S 'lﬁlrr( ri'ofﬂafoil&%enée)?( ?é flxéng?‘O\%rg31 96-well

cel | ter centri

gplﬁzﬁsf yv'th KQ?’cegcem@ ﬂFraqlfé%d aBS &toreel Bat2aict Wit ibey gvere to be
1dséwt$t§sp@nsﬁ)71@ (bfﬂﬂ@%ﬁf@leaﬂ' b@IEsDtMNeﬁ) d@ﬁ/@d\f%ﬂ%rwr}bi’al blood

ey heclonpcARRE RS vdleraddRn b e BRIR £l g% g7 25

t1e® andel 26nj d6itoellssed).i AftEL b&Atrifugiag at 500 g for 5 minutes, the
plates were incubated for 12 to 14 hours at 37°C in 5% CQO,. The plates were
washed with PBS with 0.05% Tween-20 in order to remove the adherent cells,
and the spots were generated by adding the same conjugate used in ELISA in a
1/1,500 dilution for 2 hours at 37°C, followed by 50 ul of the TMB peroxidase
substrate system (KLP, Maryland, USA).

The handling, innoculation and collection of llama samples was performed by
trained personnel under the supetrvision of a veterinarian, in accordance with
protocols approved by INTA’s animal welfare ethics committee.

Production of the VHH library and selection of the VP6-binding VHH of the
invention: From a total of 900 mi of blood collected 4 days after the last
injection, 6x10° mononuclear celis were extracted by Ficoll Paque gradient
centrifugation; they were then centrifuged, frozen in liquid nitrogen and
subsequently kept at -80°C. The total RNA was extracted using an RNA



1/1 ,500 dilution for 2 hours at 370C, followed by 50
m of the TMB peroxi dase substrate system (KLP

woengbaine) USA). The handling, innocul ati on anBCT/EP2008/059745

10

15

20

25

30

35

collection of |lama sanpl es was perforned by trained

per sonnel under the supervi si o of a veterinarian, in

accordance with protocols approved by |INTA s ani rml

wel fare ethics conmttee. Production of the VHH

I Bbﬂrmfgonmismbetﬂ\ﬂmhejéy Nagel/Pdadie osfiim GANAIH) ,adbtaihing 250 pg of

[ t I

dg‘“? E; b qﬁﬁﬁf& Ahé ﬂfsﬁjclé)ﬁA 2hs) n%a@%gﬁh@&ge& HHng%E%u‘berscnpt
Y Revaksee @ﬂsraa;étﬁéa ewlmn@@ﬂ (in\oﬁa@@ﬂ)gmatﬂn @hgodT (12-18) primers

cgnwm@ég)abﬂ Rivdoh BN mees gnvuh@ eﬁ)emﬁ B écu Ebaclib® ARk 0.2, 1 or
?

¢ 5t RRAOTR SRBA MirBedSag: rigien ALY ABRagodng: CDNA was
egpegiicily afdptified ey N&Ij’elLIsngq:;lrlmplmABbm I(SEQ ID No. 14) and

OB 188 oo Lo PN TREE G e b G 0 encos.

Réhe rad®-at dragenenit(@sense §fildHaHR without em@@ﬁﬂ) waseluted from a

Bl Pl 48 vl i o9l g grons v
Veﬁlﬁgvaie them ampdkiader an @géaionah@eslﬁmf”@ﬁwwth primers

V&h@wmglﬁgr&%ﬁﬁﬁ ﬁ;ggp ($SEQaD Noaﬂ&' arid ﬁrgm%yvoﬂﬁ%s ion 4 (SEQ

u ner s

B b PLe) i i Bk conintaaastiden St taiothe gubsequenf

selqnmgcmeps THeHEDD: (BEQ@ 1adve8)( with msstk{d:ﬂrcbr&lifbsdoir Nzl and Pstl,
| it

AR VitHeelo e o8 B 18600 & BB 08 R vk 1 final PR

dregmerise Ware| {A@at@dt h@lﬁgaupstrearadrctgtrl@twna@dem Baal or Pstl and

NGSWEstrdddR Wikt BRE SNBANGR! by ethid' (J@@f%\“%ﬁkoflﬁ" A modified
vvor regi on

d fra k
Ivarslognah N breAs Ghahe \6t o VeabC Hamers R,
tMeyklehsansed Sehsiiog %hdpﬁder’sﬂﬂldﬁaﬂ@ri of SERYIED d¥emain  antibody

koot JEGH, R el BB, BBy (O 1007 Sop
NbB; I414(B)52ﬁr6ialeRERcbn’axymeansrmvent i copagt e@l:;umqegthat is removed
URRGW Hee%gérﬁéﬁ@? \?HHean '\mh gr wggtéo %e%d %\emay {2 Botential

restriction sit

RRPROSHEN 81 Shoestor pHEIN (s DA lopalty Eselioriania Gl (TGH) cells

a@é@tr@hsfbfrm\éﬂnmth thgarwtéclj Fing{\éﬂéﬂl RIS cBlls SRdreCiédded. The
& orlngg nvtvereI %grte;t&nedo From e eplat%gawas%ed anc(li yketcrt at —80°C in LB

medium supplemented with glycerol (50% final concentration).

The specific VHH were selected from the library using phage display
technology. The VHH library was infected with M13 helper phages (Invitrogen),
and the phage patticles that express the VHH repertoire were rescued and
precipitated with PEG, as described by Marks, J.D., Hoogenboom, H.R.,
Bonnert, T.P., McCafferty, J., Giriffiths, A.D., Winter, G. JMB, 1991. The
enrichment in specific VHH was performed by two to three selection rounds in
vitro, that is, by the technigue known as biopanning. Immunotubes were coated
overnight at 4°C with a 1/50 dilution of semi-purified BRV IND (Sbl; P[5]G86) or
with a 1/5,000 dilution of an anti-RV polyclonal antiserum from guinea pig in



fragments from canel heavy-chain antibodi es. FEBS
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insertion of VHH, in such a way so as to delay the

potential propagation of the vegtor w thout the VHH

insert. Escherichia coli (TG I) cells were transforned

with the ligated naterial and the cells were seeded.
Thersslates beFemet pHse.bafdlowdkd bpm bloekiphates, andish®80 dilution of

- ' ' [ ie .
o1 588 1P 95 Caph oy R e A58 bt pea with e
J¥Pe it fdicaptly her mithr thef Rrevieysphagetued pwaghed, and the
t eshR@Ippae ddifcisiiérebslated Was 1007 A el i &t pH 10.0 and

hel per,. phages, (|.nvitr n),..an he phage particl es .

¢ Famegigiplide i W'tgg%g?%%r[g Tt elieelBpagesaiare tsed to infect

perponeritalle growin TREGcehs mf_igmhé fssbd%lgx?’]?h/ﬂ‘fi&csbioparﬁhing round, the
0 L R. n . ert .

I RRFC B werr BfEvn dsne GeRE Seridhg b plgpes were

i anslyeed by phaepel EldSAperforned by two to three

selection rounds in vitro, that is, by the technique

known as bi opanni ng. | nmunotubes were coated overni ght )
atEXBESHAaRY Rysiication afitea nanasesc god dimedc B pRihe invention:

($Fé :\{HHH ml tofﬁlthd\fb!o'hfe@ tRAOWEROpsitive IrPBLEA der@RbicidRéd using
ol ycl.onal _antiserum ui nea pi g incar

bt RareniteTegiand, fEh % R SsPiolierts lptb dRanzath, KCEM
1£60aldiAntimiomboAgehis Sheendiit UBE2807s12,aR00T ethcoff@ated herein
r re,d.ncu Wi e ] ND, _ el r
SSRGS Sy Ak bR B N el o e
t Peripjasime pitthde cpmmydee'smérsg-glstjdiee taio hTffEO(DI\mmnt VHH were
téér%t*%dé}té’d‘rb €P7©§1{ Qﬁﬁﬁﬁbgﬁ’io?rﬁ ﬂw%ﬂ?‘%\ﬁ%n&%ﬁjﬁ%'pﬂ%m Bivfor2
e dDep R Tk B s G g e- 23) (SEQAP Bp. 2Rl which encode
sadinker oelatdd el thé dpanan ﬂ%Ar Rivge. Thbelgowipvédim:and the pHENB
C ' . t correspaondi ng cl one

220k EarEiiRo 8 MEL Pl i B ABERSHY wili NEoPBRA Pett, and
pligated ¢apraeguosf vadier piOedier ivbichrmbnihine the bidierdfViiiHeln order to
| 6a0EE Ofhe THENNAATLGON vaa]‘é?'ﬁ gll-ﬁ-ﬂ.esE.t Rl EieBlue cells were
positive I n ELI SA were re-cloned using restrrctron i
hgngfeeneg vithdhe difirrent plasryid ssasircts ¥ bl opresgiop @ams induced
ri. 1 ﬂﬁwEisMb%j |-DRthiodHlhEtBh el sieent 3 6RRFEl e °C (Sambrook,
4.?.; %gg ﬁuls‘?‘séll, 9‘/%!.,’2d0q?RJcﬁgéua}ére 8Iorg1?r¥g3|. ther centrifuging the cells, the
periplasmic proteins were extracted by osmotic shock. The VHH were purified
from the periplasmic exiract using an N-High-Trap HP chelating column

{Amersham Biosciences).

Example 2: Characterisation of the VHH of the invention

Western blot: VP6 concentrates expressed in a baculovirus system and BRV
IND concentrates were re-suspended in a Laemmli sample buffer, boiled for 10
minutes. They were then run through a 12% SDS-PAGE column and
transferred to an Immobilon P membrane (Millipore, Berdford, MA). The
membrane was blocked for 45 min with PBS/Tween (0.05%), containing 10%
skim milk, and each of the VHH (4ug/mi) were incubated for 2 h at ambient



solely as reference), which provides a pel B targeting
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by PCR anplification of the VHH sequence using primers
Bivfor2 (SEQ ID No. 20) and Bi2§r ev2 (SEQ I D No. 21)

(SEQ I D No. 22), which encode linker related to the

human 1 gA hinge. The PCR product and the pHEN6 vect or
ctampémiurg. The nrebramp Metsetheer wadhept stitd PRI Fwdeo[(0.05%) and

2’3\%{.15'5{#? ?\ﬁé}ﬂg!l'\'t %?'546(? @%M{%ﬁ%&é?ﬁ‘p&duﬁ’@g Hb&g;hgﬂbéb dilution
ntoh 6\ Eweedr (00%%4) BBAUIR). EFInabyi tbaylwemen@lebatgd with HRP-
2@6@“@&%925@%“3%692% Ihg%ad I&gga{cﬁﬁtdug{ afﬂm(ﬂmfrshmam Pharmagia,
@@E%ﬁﬁpr 40, i, PRI P aTHaRtES | Lpe PGSR Meradeysloped with
BeihAnedrshdm, BiascleRessel |, D. W, 2001 , Ml ecul ar
Cl oning). After centrifuging the cells, the

periplasmc proteins were extracted by osnotic shock.
Thequeding od therVHiHeof theoimvehtiorpelni pides o csespienaetthe VHH, the

ugj ' f@%ﬂd“‘a%@;fh‘?l@? rlég f%'%elcﬂ{g'oﬂgciﬁﬁ I&t%@ v&é%‘@ﬁﬁ?%‘_&mng this

Bi osci ences eri sa
omethnd: | BigeRig J@fmmt%rr kyBleoBeqyeacingnideadly diqastion Kit (Applied

eRReseAT i an RBHFErRW 1y W%t@ﬁ%tt@%dd‘@cer Perkin Elmer,
%P?I&Jéat es _were re-suspended in a Laemml i sanpl e

W5VFE0%or 10 mi nutes. They were then run
t hrough a 12% SDS- PAGE col um and transferred to an

l%ﬁgﬁ%ﬂ\/\ggﬁm %Bge?é\étu Qgéﬁymﬁskfg:@gd\hmf thd fhvention:

(0.05%, containing 10% skimm |k, and each of the VHH
(Eﬂﬁhﬂl: YR alsB&p E@EI@\%&‘C&?M l@’e@te% b%YbTﬁé”EtL‘?@Reéx?bHﬁ%nts were

nmbrane was °t wi t h PBS/ Tween

a‘?m%l'fcfrﬁlﬁijoﬁ‘t Maxisom rbgwell Blatero®lyRa)nby glrect sensitisation with RV or
perd ahRvt d)ldoﬂ@caﬁtblrhmﬂWFéamﬂch gblyglonanahtibody produced in

/
,P %ﬁng@éﬁew@h ,%9? gﬁp%g%/[@ tgg |v§rﬁopprﬁgd)§gu§8@fected MA-104
(@5, @0 adndmurélated pmtelnsévanesﬁijalmhacalpvmsnsemmteﬁrmﬁ2 of the

ARG BB Slius) (BT BRA0P PO AR S ¥R lank, and non-

dmmmswgumeatma SPFW@ Nasonsed as amegative Cgﬁ’ﬁﬂﬁ%nce t he
VHH, the

The presence of anti-RV antibodies in the llama serum was analysed as
described in Parreno, V.C. et. al., Vet Immunol Immunopathol 100:7-24, 2004,
and that of anti-VP6 antibodies was analysed with a protocol adapted from
Fernandez et al. (Fernandez, F.M. et al., Vaccine 16:507-16, 1998). The llama
IgG were detected using a peroxidase-labelled goat anti-llama 1gG (H+L)
(Bethyl, lab inc, Montgomery, CA, USA), in a 1/2,000 dilution.

The phages derived from the individual clones obtained by biopanning were
analysed by phage ELISA. Briefly, individual exponentially growing E. coli TG1
clones, containing the different VHH genes in vector phen4, were infected with
M13 helper phages in order to produce phage particles that express VHH fused
to the surface protein, and the culture supernatant containing the phage
progeny was assayed in ELISA plates sensitised with BRV IND or VP6. The



"ML3 forward" and "ML 3 reverse" oligonucleotides were
used, following this nethod: Big Die Term nator Cycle
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an ABl -Prism 377 DNA automati c sequencer (Perkin

El mer, Applied Biosystens). le 3: RV

i mmunodet ecti on assays using tte VHH of the invention:
Enzynme i mmunoassay (ELI SA) and Western blot: The ELI SA
ekpend mphagesweere geletdradingna VEEj0S0r gill@ienwel anpHRPesonjugated

Cpibtai Aol PRASICHARR! FABoNEbR, i tﬁyf&lﬁ&bgrn‘;r/mtes at

pAGiiRd dempetatgieo b assays piege dayelaned g@mg igP/ARd'S (Zymed).
negatlve control pseudo-i nf ect ed I\/A—l 04 cells and a

B0, ke GRS SRS S RS A SePoryseminal o4

PBS VL@‘Se ta@dieasw rdSd farits ttawbte@m?mnl\ﬁ_awl HYUEDESA PRY described
as a_ ne VE ur.e e se

VB BB e1RER e o L PR ERbIES B i S8EE L (Clagen.

dé@;@@&)eﬁnd ranPhiRFénonjuya’@d gbat ahti-mdtete anhtwdy Secondly, these
- t i o

a RO OR IR v 2 mﬁf}ﬁea%’aéoéﬁgc &%ft 'td%@ﬁ ELISA plate

F%@rrﬁah*ﬁ?é@ne@f AD uqlpﬁrqfawéiz ang. tmpt@ltedaby 1Q/al©émh@f “anti-histidine

1ﬁ}oﬁ%lnﬁaf5aﬂ|9t9§dy, ate dubaBBudiitfy, Wey ﬁ t&CVﬂPLl Uﬁhé‘%s@ays were

P S63IoRST it Sk, 8%%10%%;\%%%%% 1135 o6t drprived cat
ﬂnﬁommea!s@dwmeﬂw IND { e, 0otddilutidrphng bqrerexideseilaieslied anti-
et B RHER OSE PaM B Mg RER U Wras PRl Bipduton.
containing the different VHH genes in vector phen4,

VPR dirhé &S Ve Wetd iy Bf ERPSA %@%ﬁw\ﬁg@? ﬁé%gbem at 10 pg/ml.

produce phage particles that express use
surface protein, and the culture supernatant

CDiné &hﬁh@@eﬁbeVHHa%r@f@Q@rﬁ/sS&@édaé§@é@dnd@ryEbhﬁ%‘%dles and the
a

eI A8 ! TG, afe ot e g Misinob{orig] antbBies Gha HRP-
HRfPegatpdgagaead  aanti-midlis8 p Saratiitoidiesdy (1:AG90s hditgtion)  (Amersham,

necTol ch) for 40 m nutes at anbi ent
ﬁgn'perat]%r%' é#w’z assays were devel oped usi ng H2Q2/ ABTS

(Zymed). First, the nonoval ent or bivalent VHH
PYrAf h@gtré\ﬁééﬁohhﬁsﬁ%“p%' helfhishg Gmidbedy titres for viruses IND,

C486, B223, Wa and H2 in llama serum samples and purified VHH were
determined by fluorescent focus neutralisation (FFN), as described in To, T.L. et
al. (J Gen Virol 79 (Pt 11);2661-72, 1998). Briefly, 100 Wl of serial dilutions of
llama serum, selected purified VHH monomers or dimers were mixed with equal
virus volumes in order to obtain 100 focus-forming units (FFU)/100 pl of mixture,
and incubated for one hour at 37°C. 100 pl of the antibody-virus mixture were
plated in MA-104 monolayers (4 replicates) and incubated for 48 hours at 37°C.
The plates were fixed with 70% acetone and the assay was developed using an
FITC-labelled anti-RV antibody from a colostrum-deprived calf hyperimmunised
with RV. The VN titre was expressed as the reciprocal of the highest dilution in
the sample that led to a >80% reduction in the number of fluorescent foci.



tag were studied as reagents to detect RV or VP6 by
ELI SA, as descri bed above, devel oped by an
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1/5,000) and an HRP-conjugated goat anti-nouse

anti body. Secondly, these vvere:%@nal ysed as an RV

capture reagent, both by direct” ELI SA pl ate

sensitisation of 10 ng/m of VHH and captured by 10

mxample &ntsemfsthadimenomericl amdidinerico¥ViH ofirthe invention for

S géggé(]{ ‘Wﬁ% says were
dgv],eiﬁope tLds/q ﬁég{an tgg%]ylé}igﬂgﬁ}gﬁ%fser umfrom a

col ostrum deprived cal f hyperi mmuni sed with BRV | ND

( H\2pRAIBctibrl 445298)in pBEnatappiis¢i dase- | abel | ed
antibovine 1gG {H+L) (KPL, Gaitherburg, Maryland, USA)

ina 1/5,000 dilution. The dineric VHH were tested by
ELOGAigas! @aciR\antiapP e r\e-Hemgaoieatin HOONDY were Bdministered to four-

AR PR G oy R ARG Gl B o€ O R b, beginning on day

afit angéen mbpys.i theBchatingcmnealvesnchdlietiged veitid 100 W of BRV C486

CTROPPLSR) SrBapinge 0 [OHOADGA B £ iy her RO customary
¥t 4P5R AncHiReRwly 20 Hata s bicarranaty sahttiopealgo by intragastric

t fdutes Ther invotuRes Wa.cabaBR oBdtddudiyamidridel ninl HeO% of the
serum,s ed VHH were def

| d i fi d by .
¢ HOBPegerriry dllcen it gpinich Sighpprusgd mhdhaceppliment were: (i)
i miden ihoculagdd alith RY 4zah nt trehteﬂ%(ﬂﬁ’tanliﬂ:bd@@?il} mice treated with
1998 ' , ial diluti -
o3 ket o WGPl b05eE' LR provin i
ninesl tigiaier aiakS0i pasofvalfinive purifiedr sy desivedt fsem aoguinea pig

f psiysohar BhiiserdM With(FRYkit@00mbo2s él;gdfﬁé{riﬁe RéWologous RV: iv)
i ncubated for one hour at 370C égo of the

MG, bagtes Wil the saNISAURMEY 9 d8EdTemR avBersegative control guinea

npilgpyﬁyrﬂ'l:?_ r|]r(odit fmfepiédcamcgesaefa@ewdvhy_: F{b’ahg(icé@rdtiéi'&]dww&s clinically

a . . a e xea. % ac on a

Phualdgien A SirBHEhaBalE G b gk hdomeR St B BTk days of the

asivdpotlye sewventy of thediarinvedepas sralysed bnlaygaihi basisilyeassigning
i t . Jih i ] i I

ob uri¥icd Galldl bddd® diPIneXRISHS B ColdRehB] &t B btools, as

>geppribedut VeRCol: dile el itndr Vise! $0:4842-$deR006. Fisher's exact test
fRes . e ecompdieetitf proSortTER® BT e Nt idi@ i deaVbEtween the

' ' . th r ntion.an r n
géroﬁfgm#?é%alslgaq \'{Iglrhstno% arg%%trtié est %va%/ L?SGC} oegct»rﬁgarte the mean

onset, duration and severity of the diarrhoea between the treated groups.
Example 5: Recombinant Baculovirus generation

Recombinant baculovirus BacMelVHH was generated from the phen 6 plasmid
containing the VHH 3B2 complete sequence. The protein was PCR-amplified
from the phen 6 plasmid using the following primers: SEQ ID NO: 23 and SEQ
ID NO: 24. This amplicon was then cloned into the pFastMelB2 vector in frame
with an insect signal sequence derived from the honey bee melitin, using the
BamH! and Xbal restriction sites included at the corresponding primers. The
resuiting pFBMelVHH plasmid was characterized by automated sequencing and



RVprotecti on assays in neonatal mce: 100 ng of each
anti-VP6 VHH nononer in 100 m were adm nistered to
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once a day, beginning on day Ol and for 5 days. The

| actating mce were chall enged:ivvlth 100 m of BRV C486

(Sbl; P[1]G58), containing 2 x b6 FFU m, on day 1, 2

hours after the customary VHH dose, and then with 20

mused ta derdrateathieo rexoentsioanit bmuloahm)BkayMeNHHgmingitbe Bac-to-

| g ,6f ' :
B, ERRUIR 4RI P AORBR AU IGNAT Ine manuiactues
c strustions. odpeombieant @&CH@VQ’MQGWWOP@@;&’[@ qnd ampdiged in sf21
' IH%@@H'C@H@% "i’e&@h We@f\ﬂa ﬂfgrstﬁéi%ﬁﬁ Y *&nﬁnfﬂ)@%/ﬁﬁ?andd stocks

t ntit non-rel ate
y ﬁ,rgk?%%ttﬂe@ @@Q@MS% apd- ﬁﬁ?ca?ordm tﬁyrm SPrage i ce
treated with 450rrgof afflnlty purified | gG derived

f t th VN tit

o R BB AT R T V) i ce treated

with the same quantity of 1gG froma seronegative

gﬁBF E%Lprggéiﬂﬁaegpgﬁiméhtsm fifth ?rln pég&]teec@%gﬁlﬁs aqatlﬁ‘gae before
dP¥Reaiionarpaahhei 860t Mg nhveléhb mamjecaacﬁu wijht the 5recombmant

dBé(éul@%rdd& Séatdine ﬂ—lﬁﬁegsﬁﬁﬁﬁérﬂyth@fbéd}ﬁcﬁl&l rd%ﬁ%akﬁ\?\ﬁn pfuflarva

a§3 SS Eecg}@(gﬂ?érlex\@g iﬁpt g‘héf asES ar g Eﬁ?ﬁﬁ:eand collected at

sinoidated disnatedcarviedvdry iNan Qointedidtely fretemland Kepli 4tol20°C until
gm%%é ($ , 2006. Fisher's exact test was used to

rrpare ‘he proportions of mce with diarrhoea between
the groups. The Kruskal Wallis non-paranetric test was

gﬁ%@d eemetrm%é \Kf%l% g%érlni%'&?eﬁf usi‘Fln dvﬂff‘ B84k, Eﬁf’e‘%‘i?cﬁ lﬁglls were

|arr oea between th ed groups.

- KeR At Raltt Babul Bally u%fe@@ﬁe%w% wage b asied and the cellular

F@Elﬁt@Wdr@l alBaievheNE Yo zae ant dept af 12Tt Uil phResSed.
asm d containing the VHH 3B2 conpl ete sequence. The

protel n was PCR-anplified fromthe phen 6 plasmd
uBremaratien bbptodeineytmactsrers: SEQ ID NO 23 and SEQ ID
NO 24. This anpiicon was then cloned into the

pFast Mel B2 vector in franme wth an insect signal

s befigb seblir Proleins (0P} fremhdndy laveenwera phtaingd hy kending the

freeze larvae in an extraction buffer containing triton 0,01%; DTT 25 mM and a
protein inhibitor cocktail (Complete, Roche, Germany) in PBS 1X.

Analysis of protein extracts

A Coomassie blue staining and an immunoblotting analysis were performed for
the quantification and detection of the specific VHH protein contained in the
TSPs. Thus, 20 ug of TSP per lane were loaded in 12% SDS-polyacrylamide
gels. After electrophoresis, gels were stained with a Coomassie blue solution or
transferred to nitrocellulose membranes (Schieicher & Schuell,) to perform a
western blot.

For Western blot assays SDS-PAGE (12%) was transferred onto nitrocellulose
membrane (Bio-Rad, USA). Membrane was blocked overnight at 4°C with PBS-



BanH and Xbal restriction sites included at the
correspondi ng priners. The resulting pFBMel VHH pl asm d

waemohasmect eri zed by aut omat ed sequenci ng andeGEEP2008/059745
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generate the reconbi nant bacul ovi rus BacMel VHH usi ng

t he Bac-to- Bac(r) Bacul ovirus éyst em (I nvitrogen,

USA) foll ow ng the manufact ure i nstructions.

Reconbi nant bacul ovi rus was propagated and anplified

i 0.65%2Tweese2d (BRBBITS 4t0skiractik i(bibeking \baiffer,t BF jsark thezeincubated

S P IR e B o )

gMﬂmhra@@nwasuwa@%m@ tlméuWéhl%B\Slfo&mfé IDﬁH:)SSiﬂdirfabblt lgG-HRP-
e t V a n r a
mé%q%é QIM%% ah be B g@dé F.JtSA) Wad aheéa for. 1 h as

bef ore were i nj

wWeBFPRARLY raé‘ﬁ'@ﬁﬁz’ﬂéﬁﬁr @étemsa@ N%B@gnwah E%%Tppmte@ bands were
( ﬁ@reavédi uéiﬂig @@dW@awnﬁ Wottisg Ritddtionnsyiztamm | H@pdﬁmﬂSECL films
I ect alé%ﬂggve E (?g n growt h chanbers at 28C

e aé'&’t FhEI9EE )t i mes. Larvae were then
|rmed| ately frozen and kept at -200C until processed.
Wﬁ&flo Ifures were al so infected using known

I
doses |ﬁ£aln @’%}l cells were kept at 28C for 72 h.
Finally infected cultures were harvested and the

CEBPULAFadRe Hort wee(raeo&hﬁ@ rotEDRG Fdfél)/]) E&B@@m@ﬂ%@%‘{%g& ] or

til proc . Prep ara
chpra o e, IvARORIB & N TSEHCPamINAGRRCRIOifUS (Ag()] wers
| asedéo veateEISAaEadplayed @Pslys@pl Nents Beamalidrwite senal dilutions

Rl 3% Gl T %@Nﬁﬁ"}‘ é@ﬁ?@ﬁ{t? Rastdpeue i 0.6 and
Gacnbalgd OnNRBSATX. Nexiatlgyi platds preoe ewashex!t witb tRRBA&T four times.
\Acgir%g@§§»} e k%'e en?ﬁaﬁfyr]h&%eﬁ@g f@1n1 I '&‘? i3'7"5@) tu'n'?.i@r %Bﬁé&’:\ﬁ{ ?gltatlon

I catl

t Wéh é}i‘é‘é‘i"ﬂg @OWan(IP&%T g%; &ﬁﬂau m&hul/weﬂ) @rﬁ@P@inqtﬁasTheﬂ with
2@SPgeﬂfraéf§FPrd?rﬁfVHW@xM%%§m GoRGek iah 212 %g/well dflutlon in blocklng

L 3ch P RIS a5 5o B, B9 IR an Bidocen agan
t ToaUBOf rairmuess. tIhem 10® pEwelllod s atysibmal raasib OS¢ lidiikitedhdr100) against
SHAUGHH hati8 iRFLDBE Wad IRRILEND Mbated for 1 h at 37°C. Plates were
washed 4 times with PBST. Finally, 100 pl/well of anti-rabbit IgG-HRP labelled
conjugated diluted 1:2000 in blocking solution was added. For substrate
reaction, plates were washed four times and 100 pl/well of 1mM 2,2°-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS, (KPL, USA) were added to
the plates. Peroxidase reaction was allowed to develop for 5-10 minutes at
room temperature and reactions were read at 405 nm in an ELISA microplate
reader (Multiskan EX, Thermo Electron Corp, USA) (See Figure 7).
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CLAIM5 1) A nononeric VHH domain derived fromcanelid

anti podi es, characterised in that it conprises the . )

sequgnges MQA0EGIEY t4EnYPoupeindedopy seoelig nantibodies,

\kiw SEQohé}aNCBrEjséd ibHeat iPcdidprideg ittt Stddrideb@elebied from the group
ereip_sai in of ei r Qu

r ot avi FQJ'Q"'E(CER)S %l% ﬁr@o‘dﬂéﬁgqpnﬁgcgogggwg I\% glwg%$§ﬁrq ID No.

1, chadawherdisedid dorhhins himd tcproééind/RP6 ob gloaipt & dothvioms (RVY).

the group forned by Lama gl ana, Lama pacos, Lanma

guani coe and Vi cugna vicugna. 3) The domain in. _
accotldaheslomain i rasendance malhadaier i selaraaterisad in that the camelid

canel i @ sSlebbBir&haFB. grilip FREME@BY Namd §&FR 48A%E pacos, Lama
wth claim1 cg%acterlsedlnthat it i bound to a
f

| i near JBPNIERPANEViEHENA/BEUGRRi gen present in group A

RV, wherein the donains selected fromthe group forned

ol e ckteigin EEciepbE wibisTanEr o e e aftRs te cameri

pr ot ei is hgPga glarge.oup A RV,

4) The domain in accordance with claim 1, characterised in that it is bound
to a linear epitope of the VP6 antigen present in group A RV, wherein the
domains selected from the group formed by SEQ ID No, 2, SEQ ID No. 3
and SEQ ID No. 4 are neutralising.

5) A dimeric VHH domain that binds to protein VP6 of group A RV,
characterised in that it comprises at least one monomer sequence

selected from the group formed by the sequences shown in SEQ ID No.
1, SEQ ID No. 2, SEQ ID No. 3 and SEQ ID No. 4.

6) The domain in accordance with claim 5, characterised in that it is a dimer
that comprises two identical monomer sequences, wherein said identical
monomer sequences are selected from the group formed by SEQ ID No.
1, SEQ ID No. 2, SEQ ID No. 3 and SEQ [ID No. 4.

7) The domain in accordance with claim 5, characterised in that it is a dimer
that comprises two different monomer sequences selected from the
group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and SEQ
D No. 4.



characterised in that it conprises at |east one

nmononer sequence selected fromthe group fornmed by the
we2aendes shown in SEQ ID No. 1, SEQ I D No. Z2rPCT/BEXQ0$/€39745

No. 3 and SEQ ID No. 4. 6) The domain in accordance

with claimb5, characterised imghat it is a dinmer that

conprises two identical nonomer sequences, wherein

sai d identical nononer sequences are selected fromthe

groudd oemdaniain SEQacgoNtance wWibQ dl@inNB, 2zhase@rispdNgn that it

3 and SaGbRaNPeororidds JRAATELdbeaccor dance wi th

claimb5, character sed Int I's a dinmer that
conprises two different nonomer sequences sel ected

f r o)t Mae gaOwmRIr of nEstopyarfeQuWilB Nmiml 8, FHArhdeMed 3n that it is

SEQ | 4.34 8) The domain in
J accQord3‘?1‘&'%‘5''M‘;ietaﬁg(c-fﬁﬁ%ﬁ’‘51 har acterl)sed in that it

additionally conprises a |inkage sequence. 9) The

?ggﬁ'dﬁ'h? éa%gr‘lé%fﬁ ﬁ%@gﬁﬁbﬁ%‘a\@ &%Eﬂ gﬁ%%ﬁeg' seﬁqg thé‘t said fusion

accor daieinnEempEses rare ashae aadidr secpenca seiactegafrdm the group

fusi onfpfRehy SEXIMDI 9659, aQE@mB‘WcﬁC\‘Gj S’@GMB”IQS 11 and SEQ ID
selectﬁdfromthe group forned by SEQ SEQ |

10 No. 10 ID No. 11 and SEQ I D No. 12 11)The domaln
in accordance with claim5 , characterised in that it

- graghe Aokt B SR RAG Rl TimAcu Bl BEENBRE e RbH binds to a
char aclirearspitopa of het VPE andigenipsesentd) goosumgifig i nto

contact an RV-containing sanple with an amno acid
sequence sel ected fromthe group formed by SEQ I D No.

15 1, JR0A plavusImngredateeipn meth@g@a@cwlsegj in Bebit| gymprises:

No. 9 @Eerhélnbbmtdeon%@ é@ﬁ@coﬂrtbmﬁﬁ@dn%ib‘omtﬁ%n @dino acid

T acCOTHRER SHASUIa e L PBPE A-SE0, b RRat. SEQ 1D No.

said 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ ID

No. 11, SEQ ID No. 12, and combinations thereof; and b) developing.
20

13)The methed in accordance with claim 12, characterised in that said
method is selected from the group formed by immunocapture based tests

ELISA, ELISPOT, competition ELISA, magnetic beads and pen-side.

25 14)A composition desighed to confer passive immunity to a mammal,

characterised in that it comprises an amino acid sequence selected from
the group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3, SEQ
ID No. 4, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12,

and combinations thereof; excipient and immunomodulators.
30

15) The composition in accordance with claim 14, characterised in that it is in

a form seiected from the group composed of solid, liquid and gel forms.

16)A prevention method for infections produced by RV, characterised in that
35 it comprises administering an effective quantity of an amino acid



method is selected fromthe group formed by
i mmunocapt ure based tests ELI SA, ELI SPOT, conpetition

WERI0FAI61MBgNnet i ¢ beads and pen-side. 14) A conpRGI/EP29NS/059745
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designed to confer passive immunity to a mammal ,
characterised in that it conprises an am no acid

sequence sel ected fromthe group forned by SEQ I'D No

1, SEQ ID No. 2, ngNO 3, SEQ I D No. , SEQ I

No. 9 §EG}J$TIU$Q\BG|9Q@ fE';EQm@gN@ﬂP formegHry SEQ\IBDNDZ1 &E@ ID No.

conbi nat isgiry rrbmﬂ PISEQID n% e&ltseadua WB“QOSE‘@}‘H@*{\RJ% SEQ ID
15) The ,conpos ‘% in accordance with claim14
char acﬂ\&’r r%edé d}jol i2jand gomhingtianseihese@aia pomammal that
t he gredpdsinposed of solid, Ilqw d and gel forns.
vent i.on, net hod for i nf ons

char OTEE: Blaon TE LA ics S Gl 1B SEctagted h that the
ef f ect adminjatiatior yompr[ses ambute salect8sd fmcqttlmgmup formed by oral,
sel ect t No. 1, SEQID

ﬁﬂ@@g% rag’%ﬂggﬁ ﬁﬁgﬁ%'tgﬁeéggb‘%@a No. 9 SEQ ID
No 10 SEQ ID No. 11, SEQ ID No. 12 and conbi nati ons

t her‘ﬁﬁ"hb"n@tﬁWﬁ' addtAdamMREMatH lclaih/ 1 BheHRAN8Hsdd) in that the
accor dance 6 character) sed that the

al m
O b SR G ou Seasd dly buamn. bangs, bovines,

group Eteprimst, byinesabwinestarab@glifiés, |1 ntravenous,
i ntraperitoneal routes. 18)The nethod in accor dance

with claim16, characterised in that the manmal is
sel €l@)Adréatorant msthod tpr infzatieds protiuceshby &\hgsharacterised in that

bovi neg, o6ABFikEESadiiiciEing S4h NEfledNd_ EINDAS of 8 amino acid

t r eat nent 1 ons pro E%
char acEeRYEE SAIRRETOTT o TIPS @EMEEANPEREID hg- 4nSEQ ID No,

fef f ec: PVSEQUANJ. 8, @‘rzcgnogﬂé@ rkfg@@dnsraaugnsecﬁﬁj Rt 86, SEQ ID
rom r.o
SEQ | DRJR'OQI%U@EQE@"% ,\%2 ap ggr@bfr@tlﬂgsﬁggr dq ) N@mmal that
10 SEQééndNd. 11, SEQ ID No. 12 and conbi nati ons
thereof to a mammal that needs it.
20)The method, in accordance with claim 19, characterised in that the
administration comprises a route selected from the group formed by oral,
intragastric, intravenous, intraperitoneal routes.

21)The method, in accordance with claim 19, characterised in that the
mammal is selected from the group formed by human beings, bovines,
caprines, ovines, swines and equines.

22) Plasmid pFBMelVHH characterized by comprising a nucleotide
sequence that codifies any of the monomeric or dimeric domains of the
claims 1 to 11.

23)Plasmid pFBMelVHH, according to claim 22, wherein the codified domain
is 3B2 which is characterized by the SEQ ID NO: 4.



20) The nethod, in accordance with claim 19
characterised in that the admnistration conprises a
w0 2ve1dgel ected fromthe group fornmed by oral , PCT/EP2008/059745
intragastric, intravenous, intraperitoneal routes. 2
1) The nmet hod, in accordance w claim19
characterised in that the mammal is selected fromthe
gror%gforrred by human bei ngs, bovines, caprines,
ovi

Resginleinanin eXeeRASIs . Vezior, Rusedwi dop Rmsforming vegetal or

char achﬁifrﬁaqeé’elfé}’ |ﬁé’l[§'8f h0ghaA BEEd eEhArdeteroay %ohli}%smg the

codifie e no onerlc or dineric donalns

t he cl Baﬁ'ﬁ”' Ofﬁlaﬂ‘ 22049)23) asni d pFBMel VHH, accor d| ng
to claim22, wherein the codified domal n is 3B2 which

ze t he SE D NO
5 L o SRFRERFRITET SR IR HordindSe i charprigrzed
veget athab samhvacidr isel Virus, padicuthiryg Bamabvnwl s,
characterized by conprising the plasmd of cl ai m 22 or
23. 25) Reconbi nant expression vector, accordin
cl ai%f) Pransgraicaeells trapaformedh renstecied et tiviectad %y the vector of

virus, cEﬁﬁ*ﬁé Ui, YCF%rElﬁéHié’d”irf tHat tﬁ@%@&?i@%@%b%ﬂﬁ'lhéluded in

transf ?_@m? tﬁgafné ég %'3 I nf ect ed he vector of
10 ¢ ai me"eAP1BFMIE0T A 2808 Bred i n that they express

the DNA included in the plasm d of claim?22 or 23. 27)

Vet DA eRod. 1 ARBCBA B0 of Wi IRRRE. O GAME™ o 11 that

Tr ansf eempriggs ‘t!”laa‘n&@wmglatgpﬁr i nfecting host cells
Wi th the reconbi nant vector of clains 24 or 25. b)
Keepi ng the cel I S grow ng under appropriate

15 conditi ofe. TE@NsfasBliRg, JrANGRFLNGr i 9 datgcdRdofoshecells with the

domai ns. 28jechhidatht @@mrﬁbmﬂbmcda@sn 27,
charact er, e haost n the step

oo oct ry RSB e helq SroliRauRir o dea R fordloris g

purifiedgc) Isolation and purification of the domains.

20 28)Method, according to claim 27, characterized in that the host cells grown

in the step b) are kept frozen until the domains are isolated and purified.

29)Method, according to claim 27, characterized in that the host cells are

larvae or insect cells.

25
30)Antibodies characterized by comprising any of the domains of claims 1 to
11.
31)Method for passive immunisation that comprises the inoculation of an
30 effective quantity of the antibodies of claim 30 into a mammal.

32) A kit for inmuncdetection of RV comprising an amino acid sequence
selected from the group formed by SEQ ID No. 1, SEQ ID No. 2, SEQ ID
No. 3, SEQ ID No. 4, SEQ ID No. 8, SEQ ID No. 10, SEQ ID No. 11,

35 SEQ ID No. 12, and combinations thereof.



29) Met hod, according to claim 27, characterized in

that the host cells are |larvae or insect cells.
wa@ogatdibodi es characterized by conprising anyPGF/EP1968/059745

domains of clainms 1 to 11. 31) Method for passive

i mmuni sation that conprises t i nocul ati on of an

effective quantity of the antibodies of claim30 into

a mamal . 32) A kit for innmunodetection of RV

conprising an am no acid sequence selected fromthe

o1 U 9617RH M FEEoh Weciod 5R 1R e For ) BRD No. 1,
No. 1T SEGE IN-1> SR, DaNe SeHERR Nand, SREH EoN3e$. S5Q D No
Anmi no 4gi QEEEFDJWG 1SS IBAd. r1@mahaa:o@ﬁm@nényﬂﬁ@¢e&yfor use in

SEQ | D_No,
5 SES | Dar{BethQ“ f@'E%el FEBGKB“"’%O“SE‘%@ PR H&Odguffg'%ge% I D No

12, and conbi nati ons thereof for use in a nethod for

b POBARG 8 SoaddHeE Ld %%%ﬁé&@#@@% o RYpei(BEEEY i No. 1.
No. 1, SEEQID DG, SEQ $8d9.03,NeEQ3DSEQ 4 5E ImNosaQSE@ ID No.
No. 9, 1§EQEU3|[5\'N0 JIQ Sﬁ’é@l[b IRIONQQ %d c%ﬁ%lﬁ%dg'%thé?eﬂ for use in
and conbi n tlons hereof, for useé In

10ty eat nBAeHp |fﬁ‘ft§‘@ttf‘??ﬁ§‘eﬁF stinéemliopy preduced by RV.



