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USE OF VACCI NES FOR THE TREATMENT / PREVENTI ON OF THE
TRANSM SSI ON OF PATHOGENS 5 FI ELD OF THE | NVENTI ON
The present invention relates to the field of

wo metlissigse, preferably to the field of infectBaIgs2006/041989

di seases. In particular the present invention rel ates
to the vaccination of animals of a first species in
order to prevent intra-species transm ssion
("horizontal transm ssion") as well as inter-species

t r ansmiysH QFSVAC:GINES FOR THRTREATMENT JPratviEeRTIoN ens.
More particul arl é% t he resent invention rel ates

to infl uenzao\'/: QNrOFuEé HAGENR treat nent
and prevention of influenza infections, furthernore
for the prevention of intra- and inter-species
transm ssi.on of influenza. BACKGROUND | F THE
FIENVEMFTTIININVEINTIOMenza i nfection remains an i nportant

Then bre6d it HRehtion 3B kS thatid b R ine | &Bﬁeké%ﬂfzta theStici SR tious
contlnuous antli

rus under go
cRdostt A8 PR PR PAGIOD ARG Daa Bicoaios of pnals of a rst
speeteeriv order toThmessenh utm-epem@rtransmamm {§ boritempicisarmmission’y as well
' " i1
S REs e P BniiPd: Rabg el oot dponBas b bertifery
thefaeRent fRvenien é‘?'%te%FRj'"H’é%E? ivBednesnd thelr éret fay therigpatment and
pl@m&ﬁﬁh of ilfLehza iMabIRAS, fuliRihisre fdviiel évaationdntraldhd id@r-species
r$ i Slo,n opig] I11@882 to S 86 of Decenber 2004, with
er re &1 &tices. Brief y, the genone of the
| an uenza A virus consists of eight single-stranded

Bﬁ@l@ﬁabﬂP lﬁﬁﬂEtlmErlele ]I?a”l clhes has :wo maj or

roterns Qn 1ts surtrac enma I nn

rfed e e 20 Vpiiaet ety m g i Bypans. Trvenza is
cihusedidpy | wrtisesi thal bildergn bﬂ.rﬁ)'nuwsdarﬁlgehlcf Eeangas/modifications and that
p&gé’é'saem arr]ﬁ ?e%e&!}lil Tthgs @HQ%.M@%% ahg‘é?ﬁll nl??{l @ccur in the future,

consi derabl e antigenic variation
ang gradigation otthe HFPEEF@HE%‘:’Q/WF“G%“ tSfaci“?‘f?e*r!ﬂBWEa szaes Pfea‘@%i'é‘mw"
in\tihe 46 aitbdesbr@rn nitedn st ddrestahple by Peﬁéledapﬂgtu@el Mgsdidkes] vol. 10,
. , ct
ndT3. oot Wopth SUBSE LAY 900Gt RS Tk B Hhd onome of
the gfRIeNZEA varw@ns@t;ayf@zgrﬁtsingbstrgndevspgnentg,gag)g the giral particies

ha@6%\% mgjﬁbgl%@%tilfsnaﬁ its SCHERE ﬁerilagg%&tlnla B aR®3euraminidase (N).
Wih e lebdt 19 Suoret Rt uth (PR olthtsabiaimpdasRAY to

Nasubtyp&) #ereQv e condiderakdes antigenit variatip aysong dnfieedmmertuses.

i nportant vector for influenza pandem' cs. Pigs,

canmel s, and seals, preferably pig can serve as
Inflygnzp H'éusdﬂ Hip EENT Fgp %1'99%"“’”ﬁf‘1’%‘@?2 gepppgisied to E'F%Pt both pigs
anid@aAf THeevifuepd esre Blso depdrsiiitical dirsdty rohnatiad spéties to humans

(A5 898285152, S 5 g o 72 s st

alpn oignea 18P8r %% BYYiIShomfddenVaagion 789% 117 (Swwop!. Ti: S2065A%h Mprtality
in kiben RGhaTRdiihital @e&d4TppR¥ciiRWBb@ soaf ecti ons of the
susceptible animals, e.g. pig, wth both, an
establ i shed manmal i an (porcine), as well as an avian
Overfthaiasizeeniury pigs haMaibeed aalihgoriant vector fon inflegnza ipeadeenicse Wigs,
cdnfdi® 'QHH 1gals, \eféfélléﬁﬁsp %h %ﬁn SEHe Q? aggﬁinﬁ %Héﬁ?eg‘ffoﬂgﬂgrpmﬁuenza

por ci ne pan ent evi dence wou

vijuses. @ad Bergie feﬁ)r‘?S@Ebﬁ‘TB‘Ptﬁ'ﬁlai gk fegtor depgrspming fthg-spRgies hurdles
strains with mammal i an i nfluenza viruses will not
result in highly virulent reconbinants. On the other
hand, avian influenza virus can infect pigs and by
spont aneous nutati ons can becone adapted to pigs. The
critical hurdle will be overconme as soon as the virus
can cause horizontal infections within a pig (or
ot her mammal i an) popul ation. 10 Yet, a mmjor part of
Sout heast Asi an pigs have been infected with avi an
(H5) influenza virus strains originating from
nei ghbouring poultry husbandry. As those infections
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It has been surprisingly found that pigs can be
ef fective vacci nated agai nst avian influenza virus
(See Exanple 2, RESULTS). By vaccinating pigs with a

WO ®oH/isablse vacci ne conprising an antigen of aROTAES2006/041989

i nfluenza virus, preferably Hl, H3, H5, H7 and/or H9,
nore preferred H5 and/or H7, the risk of generating
variant influenza strains adapted to pigs can be
reduced or conpletely elimnated. As a result, the
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cross-reactivity wth the antigen(s) used for
vacci nation. The term "reproduction”, as used herein,
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¢ F;e tious nflgenza virus .after ? vpref ‘x
srgPpl i gl MRBIETGR SPERUBTOR o o A bvB o esped! o the
trapsreissipalbhy addrtaion dhyori/maremetfanniniiuengr fueesabol ryarm’halans Those
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pre era even
h%ié‘ynﬁlan@’o@ﬁn H’tﬂk‘%ﬂzﬁ Ve 8. fvent'we%wlresesmﬁblﬁ&@fect non-
hupaefresralbly, afchers Mgy cﬁnelﬂ%ﬁalspéﬁf aid Rtreadrhisiie WY miméafatian
BB REL U986 APERRAN flhf92, MoT e general aspect,

esen IAVENtion rerates to the use of an
anti genic conposition that conprises an antigen of a

ThRgL h@g@?s of naéu w.ﬁ@éasefa@.tiéu.mﬁbf %ﬁ%tﬁ)‘érléroffadciﬂgs and new
aratl on ceutl Ca
el St PanSt 1S R PRt FhRroepe st SRt et Pisgtions and to

hawh e pesitivesapabt ph diseasednstdi cal conposi tion, when
adm nistered to the animal of the second species,
results in a reduction or the absence of the
reproduction of a pathogen infectious to an ani mal of
the first species, in an animal of the second
speci es, when said aninmal of the second species is
infected with said infectious pathogen of the aninmal
of the first species, preferably provided that the
antigen of the 15antigenic conposition of the
phar maceuti cal conpositiod is present in or on the
i nfectious pathogen. The first species and the second
speci es can be of the sanme species or of different
species. Preferably the first and second species are



WD 2007/ 053446PCT/ 1JS2006/ 041989 The term "i mmune .
response” as used neans but is not limted to a
cellular and/ or antibody-mnmedi ated i mmune response to
a conposition or vaccine of interest. Usually, an
"i mmune response" includes but is not limted to one
or nore of the following effects: the 5 production or
activation of antibodies, B cells, helper T cells,
suppressor T cells, and/or cytotoxic T cells and/or
SUMMARYcel |'s, | dlrected speC|f|caIIy to an antigen or
ens | heh‘z’écgﬂtt én Gbr the
n aafﬂ'?te é)g? ﬂ%?ée?%quj%)ld%d tﬁﬁ L%Q"H?%ﬂ 54!19{] If@i ]

e host
VA A - DO i I RN T D S
wrusttQ %mér‘?%h%@t@%dtuﬁ) tﬁéﬁﬁ\htig@iﬁ eCthé afianinfillerke viewshiansetifor the

[or ‘the clinica verity ot Lhe, &dut
Immtsw@ﬁorp?fo%zﬁ: MBRT p 3 at Qr?é%hsetarvgﬂe@ﬁ%@ge%@ﬁéf -
in thé RAUEoh @ ther ablsarede ab thetripogdyrtipn ditee a\s@b@ﬂ%ﬂéﬁljvwst"hsw'"e
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hume). 20 specifically interacting with an antigen

recogniti on m)I ecul e of the i mune system such as an

|nnuno obuI ti bod I |gen recept or.
F:gungm ﬁlﬂﬁ“‘]{? %@psgﬂ'ﬁna%s)?fg&o %?(é%e t;iﬁcggnt ains an .
epi tope of at |east about five, and preferably at

-‘DEgﬁﬁ?ﬁfloﬁ@@tr HEQy@eAenaci ds. An antigenic portion of a
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mﬂuéﬁﬂmg Q(%dlaiﬁmpﬂ@z RERBULITSH \Byoracdinatiny Ipigserdibt eitallg vaccine
comalg% n| L {g%’re’: g tavla"l u%@lgné%e\n p%éférgﬂy o4 P{3PQ15,Y RERhd/SeHe,
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H3, %@rﬁﬁgﬁﬁfgrsm)ofog lalﬁb gadcirgeeri of past :nacm;iéroto preezp'ar@tt Ifedm:e
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|gen|c or preparation
combhisingit, saua@n‘mmor BR ént@ﬁaﬁw SB‘PP"ﬁ ﬁﬁ?ﬁéﬁ%‘&lbﬂx‘i"'m}ée angigen(s)
use®for HMci-ggoH.c part WD 2007/ 053446PCT/ US2006/ 041989
and/ or preparation thereof. According to a further
aspect of the invention,- the antigen used for the
TheRéraPREpdduationdfastised péranna@mmbcas nefdimiled for the replicgitigrnef ihe

vian infl & FHH 't&ﬁlm‘t‘édmf tora‘mﬂédmbtlon of
wrala grﬂ)%n?%tl g};}é??tﬁ Q{elr?éﬂas 2° cl:—?:ﬂj}?dl ng to a

a
reprgﬂuqhhté’ asveast h%’ﬁm rpaRes il f@%ﬁ%‘%@@”frﬁﬁe Ip H@CC'“atedsg”'ma'S s
preparati on of the pharmaceutical conposition is the

hemaggl utinin (H) and/or the neuram ni dase (N) of

i nfluenza virus. Preferably, said antigen is Hl, H3,
H5, H7, and/or 1-19 of thedavian influenza virus. In
this context, the term"and/or" neans, that single
antigen or any conbinations of the antigens nentioned
above, can be used for the preparation of the 10
pharmaceutical conmposition. In contrast to the HL or
H3 strains, currently present in the pig popul ation,



anti gens, which show an i ncreased antigenic property
as conpared to the H5 antigen encoded by the sequence
of SEQ ID NO 2, wherein the antigenic property is
measured in 25 a standard hemaggl utinin inhibition
assay, for exanple as described in Litschow et at,
Vacci ne 19 (2001), pp. 4249-4259 with further
references. The term "higher or increased antigenic
property” as used herein refers to a hemaggl utinin
inhibition that is at |east 20% preferably at |east
Qn Als. QY Giﬁteﬂmﬁrﬁs the titers of
StaﬂStiﬁ?'E'fSéqr@Wntqg‘ﬁérﬁéé;rgb Xﬁfgt(\)lo/%(:%gﬁeaﬁ an t HSQ-“' % n the
avian rigfuenznieusHp pigs ichallgnogd with tei‘?e‘“f‘?(‘i Yol l*e'néad !

anihm@{g é\%%e%wérlﬁ%n*'ﬁ pid9 trankdvgeint tawivacritdial hefme thecbalishge.

SEQ | rther no e e At a0,
e

preferamp rgenmanhits heveo apsfansd merpiph Pefe, FURRMOEFRIFT f‘éié‘gofe ol
80%. 290 k3RS gr%%f?lgé/ 1IS2Q06( O8] this dofeecadr, nise &em deliminated”

ID NOQ1, SEQ ID, S o
mean%%t?gqeg ﬁd@'ﬂ‘"epgﬁé}m i§ ﬂ@e%tata? "gEE?CI'%PeﬁCP %s 'é%ltla%e'é’%x’?h th

peptide that has at |east 85% sequence honol ogy, nore
preferably at |east about 90% sequence honol ogy,
still nore preferably at |east about 95% sequence-
honol ogy, even nore preferably at |east about 97%
sequence honol ogy, still even nore preferably at
| east about 98% sequence honol ogy, and even nore
preferably at |east about 99% sequence honol ogy to
t he pol ypeptide of i) that conprises henagglutinin
inhibition in a standard hemaggl utinin inhibition as
descri bed above; or 10H . any antigenic part of the

- pol ypeptides of O or ii) conprising at |east 35, 30,
25, 20, 18, 15, 13, 10, 9, or nost preferably 8
conti guous am no acids of any of peptides of i) or
). Iv. any peptides of i), ii) or iii) having
the am no acids 2231'4, 36T/223N, 361(1223N,
83A/ 223N, 831/ 223N, 83D/ 223N, 86Al 223N, 86V1223N
120N/ 223N, 1205/ 223N, 15155N1223N, 155S/ 223N,
156A/ 223N, 1561/ 223N, 189R/ 223N, 189K/ 223N,
212K1223N, 212R/ 223N, 212E/ 223N, 223N 263A; 223N1263T, or
120N/ 155N1223N. V. any peptide of i), ii), iii) or
iv) having the am no acid 223N and one or nore of the
followng amno acid clusters selected fromthe group
consisting of: 20a. aa 93 - 95: QG\F b.
aa 123 - 125:SDH c. aa 128 - 130: SSG d. aa 138 -

140: GSS e. aa 226 - 228: MDF 25f. aa 270
- 272: EVE g. aa 309 - 311:NKL; or vi. any peptide of
i), ii) iit) or iv) having the am no acid 223N and

one or nore of the follow ng am no acid clusters
selected fromthe group consisting of: a. aa 93 -

95: G\F 30b. aa 128 - 130:SSG c. aa 138 - 140:GSS. WO
2007/ 053446PCT/ US2006/ 041989 Furthernore preferred H5
antigens that can be used according to the invention

i nclude H5 antigens which conprise the peptides
provided in the table 1, or any inmmunogenic part
thereof: 5 TABLE 1 H5 anti gens Sequence nane Basi c-
sequence Anino acid positions” 36

3a
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WO 2007/053446

83 86 120 155 156 189 212 223 263 223N any HA 15 - -
- - N- 36T/223Nany HAH5S T - - -

36K/ 223N any HA H5 K :
PCT/US2006/041989

infectious influenza virus after day 10, preferably after day 9, more preferably after day 8,
even preferably after day 7, even more preferably after day 6, even more preferably after
day 5, even more preferably after day 4, even more preferably after day 6, even more’
preferably after day 3, even more preferably after day 2, most preferred after day 1 of the
challenge.

According to a more general aspect, the present invention relates o the use of an
antigenic composition that comprises an antigen of a pathogen of an animal of a first
species for the preparation of a phamaceutical composition for the immunization of an -
animal of a second species, wherein said pharmaceutical composition, when administered
fo the animal of the second species, resulls in a reduction or the absence of the
repreduction of a pathogen infectious to an animal of the first species, in an animal of the
second species, when said animal of the second species is infected with said infectious
pathogen of the animal of the first species, preferably provided that the antigen of the
antigenié composition of tﬁe pharmaceutical composition is present in or on the infactious
pathogen.

The first species and the second species can be of the same species or of different
species. Preferably the first and second species are different, even more preferably the
first species is a poultry, e.g. bird, chicken, duck, turkey etc., and the second species is a
mammal, preferably a pig, cattle, horse, seals, camels, dog, cat, hamster, mouse, human,
most preferred a pig.

Thus according to another aspect, the present invention relates to the use of an antigenic
composition that comprises an antigen of a pathogen of pouliry for the preparation of a
pharmacseutical composition for the immunization of a mammal, wherein said
pharmaceutical composition, when administered to the mammal| results in a reduction or
the absence of the reproduction of the pathogen infectious to poultry in an mammal, when
said mammal is infected with said infectious pathogen of poultry, provided that the antigen
of the antigenic composition of the pharmaceutical composition is present in or on the
infectious pathogen.
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- - - N- 83A 223N any HA H5 N -

831/223Nany HA H5 - T - - - - - - N 83D1223N any HA
H5 -
WO 2007/033446 PCT/US2006/041989

The term “pharméceuticat composition” as describad herein, includes but is not limited to
vaccines for the reduction or prevention of an infection or to a composition of matter for
the treatment and lessening of an infection.

The term “pathogen” as used includes but is not limited to a microorganism or any
pathogenic part thereof, that nommally causes diseases or illness to its host, or at least
disrupt the normal physiology of its host. For example, an pathogen of pouliry is the avian

influenza virus.

Thus according to a further aspect of the present invention, the pathogen according fo the
invention being infectious to poultry is an influenza virus, preferably the avian influenza
virus. According to a further aspect of the_ present invention, the pathogen being infectious

- to the poulty is an avian influenza virus of subtype H1, H3, H5, H7 or HZ, more preferably

an avian influenza virus of subtype H5 or H7, most preferably an avian influenza virus of
subtype H5N1.

The term “antigenic composition” as used herein means a composition of matter that
comprises one or more antigens.

The term “antigen” as used herein means but is not limited to peptides, polypeptides,
glycopeptides, or polysaccharides which are capable of specifically interacting with an
antigen recognition molecule of the immune system, such as an immunoglobulin
(antibody) or T cell antigen receptor in order to elicit, activate or stimulate an immune
response directed to said antigen in a host to which said antigen is administered. The
temm "antigen” also refers fo nucleic acid molecules, preferably DNA- or RNA-molecules,

‘each of which codes for and express a peptide, polypeptide, or glycopeptide that is

capable of specifically interacting with an antigen recognition molecule of the immune
system, such as an immunoglobulin (antibody) or T cell antigen receptor in order to elicit,
activate or stimulate an immune response against the antigen that is encoded by the
nucleic acid molecule. The antigen used for the preparation of the pharmaceutical
composition which is used according to the invention is a microorganism or an antigenic
part and/or preparation of said microorganism. In this connection, the term “immunization,
as used herein, means but is not limited fo any cause or enhancement of an immune

response.
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D- - - 86A/ 223N any HA H5 - - A 86V/ 223N
any HA H5 - - - - - - N- 120N 223N any HA H5 -

WO 2007/053446 PCT/US2006/041989

The term “immune response" as used means but is not limited to a cellular and/ or
antibody-mediated immune response to a composition or vaccine of interest. Usually, an
“immune response” includes but is not limited to one or more of the following effects: the
production or activation of antibodies, B cells, helper T cells, suppressor T cells, and/or
cytotoxic T cells and/or yd T cells, directed specifically to an antigen or antigens included
in the composition or vaccine of interest. Preferably, the host will display either a
therapeutic or protective immunological response such that resistance to new infection will
be enhanced and/or the clinical severity of the disease reduced. Such protection will be
demonsirated by either a reduction or lack of the symptoms associated with host
infections as described above.

The term "antigenic part and/or preparation thereof” as used herein means that at least
one molecule of said part and/or preparation is antigenic or possess antigenic properties.
The antigenic part andfor preparation of a microorganisrh includes but is not limited fo

" peptides, polypeptides, glycopeptides, and/or polysaccharides including any fragments

thereof, that possess antigenic property.

A molecule is "antigenic" or possess “antigenic properties” when it is capable of
specifically interacting with an antigen recognition molecule of the immune system, such
as an immunoglobulin (antibody) or T cell antigen receptor. An antigenic polypeptide for
example contains an epitope of at least about five, and preferably at least about 10 amino
acids. An antigenic portion of a polypeptide, also called herein *epitope”, can be that
portion of the polypeptide that is immunodominant for antibody or T cell receptor
recognition, or it can be a portion of a polypeptide used to generate an antibody to the
molecule by conjugating the antigenic portion to a carrier polypeptide for immunization. A
molecule that is antigenic needs not fo be itself immunogenic, i.e., capable of eliciting an
immune response without a carrier. In other words, an antigenic portion also includes but
is not limited to a hapten which needs to be conjugated to a carrier in order to become
immunogenic.

As mentioned above, the antigen can be a microorganism or an antigenic part and/or
preparation thereof. Preferably, said the microorganism Is a virus, or an antigenic part
and/or preparation thereof, and most preferably an influenza virus, or an antigenic part’
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- - N 120S/ 223N any HA H5 - - - S - -
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and/or preparation thereof. According to a further aspect of the invention, the antigen
used for the preparation of the pharmaceutical composition is an avian influenza virus, or
an antigenic part and/or preparation thereof,

According fo a further aspect of the invention, the antigen used for the preparation of the
pharmaceufical composition is the hemagglutinin (H) andfor the neuraminidase (N) of
influenza virus. Preferably, said antigen is H1, H3, H5, H7, andior H9 of the avian
influenza virus. In this context, the term "and/or” means, that single antigen or any
combinations of the antigens mentioned above, can be used for the preparation of the
pharmaceutical composition. In confrast 1o the H{1 or H3 sfrains, currently present in the
pig population, the H5 and probably H7 appears to be more conserved. Thus, the
probability of cross profec_tion appears to be more favourable. As a result, H5 and/or H7,
most preferably H5 of avian influenza virus, are used as antigen for the preparation of the
pharmaceutical composition.

The term “hemagglutinind (H5)" or “H5 of the of avian influenza virus” as used herein
means but is not limited io any naturally occurring H5 and any modified forms of H5,
including any deletion, substitution and/or insertion mutant of H5. It furthermore means
any antigenic part of H5, which means any pepiide-fragment which shows antigenic
properties in an standard hemagglutinin inhibition assay. Normally said antigenic part
thereof comprises 35, 30, 25, 20, 18, 15, 13, 10, 9, or most preferably 8 contiguous amino

. acids of the amino acid sequence that encodes for the H5, modified or non—modiﬁed,

which shows antigenic properties in an standard hemagglutinin inhibition assay. An
standard hemagglutinin inhibition assay for example is described in Stephenson et al.,
Virus Research vol. 103, pp. 91-95 (2004) with further references or described in the
Exampies. In case of questionable results, the HI assay as described in Example 2 shal)
be understood to be the revelvant reference assay in connection with all aspects of the

invention as described herein.

Preferred H5 antigens that can be used according to the invention include any modified
H5 antigens that shows higher antigenic properties as compared to a non-modifisd HS,
wherein the antigenic properly is measured in a standard hemagglutinin inhibition assay,
for example as described in Example 2. Briefly, Hl assay was performed to detect the
presence of HA-specific antibodies. A heterclogous H5N1 virus, A/chicken/Mexico/232/94,
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was ussed at a concentration of four hemagglutinating units [4 HA units] in the HI assay. In
U-bottomed microtiter plates serial two-fold serum dilutions in PBS were subsequently
mixed with equal volumes (25 pl) containing 4 HA units of virus, and incubated at 37°C for
one hour. Chicken red blood cells, at a conceniration of 0.5% In PBS, were added to the
serum-virus containing weills and incubated for 40 min at room temperature. The Hl titers
were deiermined as reciprocals of the highest serum dilutions in which inhibition of
hemaggiutination was observed.

Of note, Haesebrouck and Pensaert (1986) found "that there may exist a correlation
between the Hl titers against the challenge virus and protection from challenge”.
Haesebrouck and Pensaert (1988} also determined that pigs with HI titers of >40 were
"completely resistart to challenge and no replication of the virus occurred in the
respiratory tract at challenge”. Thus, the development of HI titers >40 in the vaccinated
swine would correlate to protection. (F. Haesebrouck and M.B. Pensaert. 1986. Effect of
intratracheal challenge of fattening pigs previously immunised with an inactivated
influenza HI1N1T vaccine (Veterinary Microbiology, 11 (1986) 239--249 239)9. It has to
assume that equivalent or at least nearly equivalent H5 HI fiters will also result in a
complete immune protection of swine against avian influenza virus. Lower fiters, at least
result in a seroconversion of the vaccinated animals and result in partial immune
protection of those animals, which also can dramatically reduce the risk of a pandemics.

More preferably, H5 antigens used according to the invention include modified HS
antigens, which show an increased antigenic property as compared to the H5 antigén
encoded by the sequence of SEQ ID NO:2, wherein the antigenic property is measured in
a standard hemagglutinin inhibition assay, for example as described in Lischow et al.,
Vaceine 19 (2001}, pp. 4249-4259 with further references. The ferm “higher or increased
antigenic property” as used herein refers to a hemaggiutinin inhibition that is at least 20%,
preferably at least 50%, more preferably at least 75%, even more preferably at least 100%
higher than that of the reference H5 antigen, i.e. the non modified H5 antigen or the H5
antigen having the sequence of SEQ ID NO:2,

Furthermore preferred H5 antigens that can be used according to the invention include H5
antigens which comprise a peptide that comprises
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the amino acid sequences of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3; SEQ ID
NO:4; SEQ ID NO:5 or SEQ D NO:6 or:

. any peptide that has at least 85% sequence homology, more preferably at least

about 80% sequence homology, still more preferably at least about 95% sequence
homology, even more preferably at !eaét about 97% sequence homology, still even
more preferably at least about 98% sequence homology, and even more
preferably at least about 99% sequence homology to the polypeptide of 1) that
comprises hemagglutinin inhibition in a standard hemagglutinin inhibition as
described above; or

any antigenic part of the polypeptides of i) or i) comprising at least 35, 30, 25, 20,
18, 15, 13, 10, 9, or most preferably 8 contiguous amino acids of any of peplides
of i} or ).

iv. any peptides of 1), if} or iii) having the amino acids 223N, 36T/223N, 36K/223N,

83A/223N, 83T/223N, 83D/223N, 86A/223N, 86V/223N, 120N/223N, 120S/223N,
155N/223N,1558/223N, 156A/223N, 156T/223N, 189R/223N, 189K/223N,
212K/223N,  212R/223N, 212E/223N,  223N/263A, 223N/263T, or
120N/155N/223N.

any peptide of i), ii), iii) or iv) having the amino acid 223N and one or more of the
following amino acid clusters selected from the group consisting of:

a. aa 93 - 95 OGNF '

b. aa123-125: SDH

aa128—-130: SS8G

aa138- 140: GSS

aa226- 228: MDF

aa 270-272: EVE

aa 30¢ - 311: NKL; or

any pepiide of i}, ii} ilf) or iv) having the amino acid 223N and one or more of the
following amino acid clusters selected from the group consisting of:

a. aa 93 - 95: GNF '

b. ama128-130: SS8G

c. aa138- 140: GSS.
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Furthermore preferred H5 antigens that can be used according to the invention include H5

antigens which comprise the peptides provided in the table 1, or any immunogenic part -

thereof-

TABLE 1 H5 antigens

Basic- Amino acid positions*
Sequence name
sequence | 35| 83 | 86 | 120 | 155 | 156 | 182 | 212 | 223 | 263
223N any HA H5 - - - - - - - - N -
36T/223N anyHAHS [T | - T -1 -1 -1 - |- TN | -
"36K/223N anyHAHS | K - - - - - - - N -
83A/223N any HA H5 - A - - - - - - N -
83T/223N anyHAHS | - | T - - - - - - N -
83Df223N any HA H5 - D - - - - - - N -
8BA/223N any HA H5 - - A - - - - - N -
86V/223N anyHAB5 | - | - | V]| - | -1 - =T -1 NT-
120Nf223N any HA H5 - - - N - - - - N -
1205/223N any HAH5 | - - ~ S - - - - N -
155N/223N anyHAHS | - | - | - T - I N| - [ -1 < I NT-
1568/223N any HA H5 - - - - S - - - N -
156A/223N anyHAHS | - | - - - - A - - N -
156T/223N any HA HS5 - - - - - T - - N -
189R/223N any HAH5 | - - - - - - R - N -
189K/223N any HAHS | - - - - - - K - N -
212K/223N any HAHS | - - - - - - - K N -
212R/223N any HA H5 - - - - - - - R N -
212E7223N any HA H5 - - - - - - - E N -
223N/263A any HA H5 - - - - - - - - N A
223N/283T any HAH5 - - - - - - - - N T
120N/155N/223N any HA H5 - - - N N - - - N -
Alduck/China/E319-2/03 AAR99628 | T A A S D A R K S A
Alduck/China/E319-2/03 AAROS628 T | A A S D A R K S A
Afduck/ChinalE318-
2/03 223N AAR99628 | T | A A S D A R K N A
Afduck/China/E318- :
2/03_120N/223N AAR99628 | TIA|AIN|DJIA|R| K| N|A
Alduck/China/E319-
2/03 155N/223N AAR99623 Tt A A S N A R K N A
Alduck/China/E319-
2/03 120N/155N/223N | AARSSE28 | T | A | A1 S | N| N|R|K| NJA
HAMK/213/03 AY518362 T A A N N A R K N A
HA/Vietnam/1203/04 K{TIlVvV] s S T K R S T
FANVietnami1203/04 kK|{T|v|s|s{T|k|RrRIN]|T
HA/Vietnam/3046/04 TIA| V]| S 8 T K| R S T
HAIi\ﬁetgazrgﬁOle/Otl- 7! A v s 5 T K R N ’ T

10
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HANietnam/3062/04
223N
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the amino acid positions given in TABLE 1 reférs 10 the positions as exemplarily defined in

SEQ ID NO:1. In other words amino acid 223 of TABLE 1 refers to the amino acld 223 of the
sequence of SEQ 1D NO:1,

sequence.

Furthermore preferred H5 antigens that can be used according to the invention includs H5

antigens which comprise

a peptide having the sequences of NCBI Accession No. AAT65209, CAJ32558,
AACS58998,
AACS58991,
AAN17268,
AAN17282,
AAN17255,
BAE48693,
BAE48690,
BAE48684,
AAPT1992,
AAPT2009,
AAPT2003,
AAP71997,
AAG38534,

ABCA47656,
AAC58994,
AAS45134,
AAN17265,
AAN17259,
AAA43082,
BAE48694,
BAE48687,
ABC72082,
AAP71989,
AAPT2008,
AAP72000,
AAP71994,

CAF21874,
AACS8993,
AAN17270,
AAN17264,
AAN17257,
AAB19079,
BAE48692,
BAE48688,
AAVG1149,
AAPT2011,
AAPT72005,
AAP71999,
AAFO9718,

CAF21870,
AAC58992,

AAN17269,

AAN17263,
AAN17256,
BAE48696,
BAE48691,
BAE48685,
AAP71993,
AAP72010,
AAPT2004,
AAP71998,
ABF58847,

11

AACS58997,
AACS8990,
AAN17267,
AAN17261,
AAN17254,
BAE48696,
BAE48689,
BAE48683,

AAP71991,

AAPT72008,
AAPT2002,
AAPT71996,
AAC32102,

- means that the amino acids at this positions are variable as compared to the reference

AAC58996,
AAC58995,
AAN17268,
AAN17260,
AAA43083,
BAFEA48695,
BAE48658,
AAC58999,
AAPT1990,
AAP72007,
AAP72001,
AAPT1995,
AAC32099,
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iii.

AAL75847, AAC32101, AAC32098, AAC32088, AAC32078, AAR99628,
AAC32100, AAM49555, AAL75843, AAL75839, AAD13573, AAD13568,
AAF04720, AAF04718, AAC34263, AAR16155, AAD13574, AAD13570,
AAD13575, AAD13572, AAD13569, AAD13567,  AAD13566, AAKS57506,
AAGD1225, AAGO1215, AAGD1205, AAGO1195, or ABD83813, or

. any peptide that has at least 85% sequence homology, more preferably at least

about 90% sequence homology, still more preferably at least about 95% sequence
homology, even more preferably at least about 97% sequence homology, still even
more preferably at least about 98% sequence homology, and even more '
preferably at least about 99% sequence homology fo the polypeptide of i) and that
show hemagglutinin inhibition in a standard hemagglutinin inhibition as described
above;

any of the peptides of i) or ii) having the amino acids 223N, 36T/223N, 36K/223N,
83A/223N, 83T/223N, 83D/223N, 86A/223N, 86V/223N, 120N/223N, 120S/223N,
155N/223N,1555/223N, 156A/223N, 156T/223N, 189R/223N, 189K/223N,
212K/223N,  212R/223N, 212E/223N, 223N/263A, 223N/263T, or
120N/155N/223N; or '

. any antigenic part of the peptides of i), ii} comprising at least 35, 30, 25, 20, 18, 15,

- 13, 10, 9, or most preferably 8 contiguous amino acids of any of such peptides of

vi.

vii.

i), it) or iif); or

any of such antigenic paris of.iv), wherein those antigenic parts comprise the
amino acid 223 of H5; or

any of such antigenic parts of v) wherein those antigenic parts compﬁse the amino
acid 223N; or

any of such peptides of i}, ii), i}, iv), v) or vi} having the amino acid 223N and one
or more of the following amino acid ciusters selected from the group consisting of:
h. aa 93 - 95: GNF

i. aa123-125 SDH

j aa128-130: SSG

k. aa 138- 140: GSS

aa 226 - 228: MDF

m. aa 270 - 272: EVE

n. aa309-311: NKL; or

12
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viil.any peptide of i), fi} ifi) or iv) having the aminc acid 223N and one or more of the
 following amino acid clusters selected from the group consisting of:
d aa 93 - 95: GNF | |
e. aa128—130: SSG
f. aa138- 140: GSS

“Sequence homology”, as used herein, refers to a method of deiermining the relatedness
of two sequences. To- determine sequence homology, two or more sequences are
optimally aligned, and gaps are introduced if necessary. In contrast to sequence identity,
conservative amino acid substitutions are counted as a maich when determining
sequence homology. In other words, to obtain a polypeptide or polynucleotide having
95% sequence homology with a reference sequence, 85%, preferably 90%, even more
preferably 95% of the amino acid residues or nuclectides in the reference sequence must
match or comprise a conservative substitution with another amino acid or nucleotide, or a2
number of amino acids or nucieotides up to 15%, preferably up to 10%, even more
preferably up to 5% of the tfotal amino acid residues or nucleotides, not including
conservative substitutions, in the reference sequence may be inserted into the reference
sequence. Preferably the homolog sequnce comprises at least a strech of 50, even more
preferred of 100, even more preferréd of 250, even more preferred of 500 nucleotides.
Upon such alignment, sequence homology is ascertained on a position-by-position basis,
e.g., the sequences are “homolog” at a particular position & at that position, the
nucleotides or amino acid residues are identical. The total number of such position
identities is then divided by the total number of nuclectides or amino acid residues in the
reference sequence to give % sequence homology. Sequence homology can be readily
calculated by known methods, including but not limited to,  those described in
Computational Molecular Biology, Lesk, A. N., ed., Oxford University Press, New York
(1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic
Press, New York (1993); Computer Analysis of Sequence Data, Part 1, Griffin, A.M., and
Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular
Biology, von Heinge, G., Academic Press (1987); Sequence Analysis Primer, Gribskov, M.
and Devereux, J., eds., M. Stockion Press, New York (1991); and Carillo, H., and Lipman,
D., SIAM J. Applied Math., 48: 1073 (1988), the teachings of which are incorporated
herein by reference. Preferred methods to determine the sequence homology are
designed to give the largest match between the sequences tested. Methods to determine

13
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sequence homology are codified in publicly available computer programs which determine
sequence identity between given sequences. Examples of such programs inciude, but
are not limited to, the GCG program package (Devereux, J., et al., Nucleic Acids
Research, 12(1):387 (1984)), BLASTP, BLASTN and FASTA {Altschul, S. F. et al., J.
Molec. Biol., 215:403-410 (1990). The BLASTX program is publicly available frorm NCBI
and other sources (BLAST Manuai, Altschul, S. et al.,, NCVI NLM NIH Bethesda, MD
20894, Altschul, 8. F. et al., J. Molec. Biol., 215:403-410 (1990), the teachings of which
are incorporated herein by reference). These programs optimally align sequences using
default gép weights in order to produce the highest leve! of sequence homology between
the given and reference sequences.

Furthermore preferred H5 antigens that can be used according to the invention, are

i. any of those mentioned supra having the amino acid 223N and the modification
328K+;

fi. any of those mentioned supra having the amino acid 94N/223N and the
modification 328K+; '

iii. any H5 antigen of avian origin having the amino acid 223N, and the modification
328K+, wherein avian origin means that the H5 sequence derived form a virus
isolate that was originally isolated from a pouliry infected with avian influenza virus
type 5; or

iv. any H5 antigen of avian origin having the amino acids 94N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived
form a virus isolate that was originaily isolated from a poultry infected with avian
influenza virus type 5; or.

v. any HS5 antigen of avian origin having the amino acids 155N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived
form a virus isolate that was originally isclated from a pouliry infected with avian
influenza virus type 5; or '

vi. any H5 antigen of avian origin having the amino acid 120N/155N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived
form a virus isolate that was originally isolated from a pouliry infected with avian
influenza virus type 5; or

14
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vil. any H5 antigen having the modifications 94N/223N and the modification 328K+: or

Viii.any H5 antigen having the modifications 94N/155N/223N and the modification
328K+; or;

iX. any H5 antigen having the meodifications 94N/120N/155N/223N and the
modification 328K+; or

X. any H5 having the modifications 223N/the modification 328K+, and one or more of
the following amino acid clusters selected from the group consisting of;

aa 93 - 95: GNF

aa 123 -125 :SDH

aa 128 -130: S8SG

aa 138 - 140: GSS

aa 226 - 228: MDF

aa270-272: EVE

aa 309-311: NKL;or

xi. any H5 antigen having the amino acid 223N, and the modfication 328K+, and one

@ ™o a0 T

or more of the following amine acid clusters selected from the group consisting of:
a aa 93 - 95 GNF
b. aa128-130: SSG
C. aa138- 140: GSS;or
Xii. any H5 antigen having the amino acid sequence of SEQ ID NO-4.

Furthermore preferred H5 antigens that can be used according to the invention to the
invention include H5 antigens as described by Hoffmann et al, PNAS, vol. 106, no.36, pp.
12916-12920 of September 6, 2005. The disclosure of this reference shall be entirely
included herein by reference.

The numbering of the amino acid positions of the H5 protein as used herein, refers to the
amino acid position as exemplarily given in SEQ ID NO:1. SEQ ID NO:1 represents the
amino sequence of the hemagglutinin of strain duck/China/E319-2/03 but lacking the
signal peptide. In other words, if reference is made to the amino acid at position 223
(amino acid 223), the' amino acid residue is meant which corresponds to amino acid 223
of SEQ ID NO:1. in the current case, amino acid 223 would be Serine (S). The terms
“223N", or “155N" exemplarily mean, that at amino acid positions 223 and 155,

15
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respectively — numbering according to the amino acid positions of SEQ 1D NO:1 -, shall
code for the amino acid Asparagine (N). In other words, if reference is made to "H5
antigen having the amino acid 223N”, a H5 amino acid molecule that notmally codes for
Serine at amino acid position 223 - numbering according to the amino acid positions of
SEQ ID NO:1 — that amino acid shall be substituted by an Asparagine (N). The term
308K+ or “modification 328K+" means, that at amino acid position 328 of H5 antigen
- numbering according to the amino acid positions of SEQ ID NO:1 — , a second Lysine
{K+) is inserted. In cases were amino acids sequences at positions 328 and 329 naturally
codes for Lysine-Lysine, no further Lysine (K) shall be inserted. However, most of the
known H5 sequences code at amino acid positions 328 and 329 for Lysin-Argenine. in
any such cases, the term 328K+ modification means, that a second Lysine (K) shall be
inserted between Lysine at position 328 and Ai’gen_i_n at position 329. The modified
sequence would read then Lysine-Lysine-Argenine (KKR).

it is also in the meaning of the present invention, that any other antigen, particularly any H
and N antigen, can be used in a modified or non-modified version. As mentioned with
respect to H5 antigen, most preferred are modified antigens, showing a high antigenic
property in a standard hemagiutinin inhibition assay as compared to the non-modified
antigens. |

Methods, of how to introduce any of the above-mentioned modifications within the
nucleotide sequence of an influenza virus are well known in the art. The genomic
sequence of the entire influenza virus can be modified according to the invention, for -
example according to the methods described in US'6,951 754, with further references.

Furthermore there may be employed conventional molecular biclogy, microbiology, and
recombinant DNA techniques within the skill of the art to modify a nucleic acid sequence
encoding for an antigen as described herein. Such techniques are explained fully in the
literature. See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual, Second
Edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; DNA
Cloning: A Practical Approach, Volumes I and I (D. N. Glover ed. 1985); Oligonucleoiide
Synthesis (M. J. Gait ed. 1984); Nucleic Acid Hybridization [B. D. Hames & S. J. Higgins
e0s.(1985)]; Transcription And Translation [B. D. Hames & S. J. Higgins, eds. (1984);
Animal Cell Culture [R. I. Freshney, ed. (1986}]: Immobilized Cells And Enzymes [IRL

16
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Press, (1986)]; B. Perbal, A Practical Guide To Molecular Cloning (1984); F. M. Ausubel
et al. (eds.), Current Profocols in Molecular Biology, John Wiley & Sons, Inc. 1 994).

The immune response against a hemagglutinin antigen, e.g. H5 in an vaccinated animal
can be measured by standard methods well know in the art,' for example asdescribed in
Exampié 2. Briefly, serum antibody titers, mainly those determined by hemagglutinin
inhibition (HI) andfor virus neutralization assays, are accepted surrogate measures of
immune protection. Standard HI and virus neutralization assays can be performed in
Madin Darby canine kidney cells as described Paimer ef al., 1975, Advanced Laboratory
Techniques for Influenza Diagnosis, U.S. Department of Health, Education and Welfare,
Washington, DC and/or Kida et al., 1982, Virology, vol. 122, pp. 38-47. The reference test
used in respect to the current invention is described in L{ischow et al., Vaccine 19 (2001),
pp. - 4249-4259 with further references. As already mentioned above, in case of

" questionable results, the HI assay as described in Exampie 2 shall be undersiood to be

the revelvant reference assay in connection with all aspects of the invention as described
herein,

According to a further general aspect, the present invention relates to the use of an
antigenic composition that comprises an antigen of a pathogen of an animal of a first
'épeciies fof the preparation of a pharmaceutical composition for the immunization of an
animal of a second species, characterized in that the administration of a pharmaceutical
composition, that comprises an antigen of a pathogen of an animal of a first species, to an
animal of the second species results in a reduction or absence of the replication of a
pathogen, that is infectious to an animal of the first species, in an animal of the second
species, when said animal of the second species is infecied with the infectious pathogen
of the animal of the first species, provided that the antigen of the antigenic composition of
the pharmaceutical composition is present in or on the infectious pathogen. The term
‘replication” as used herein means among others, the doubling/multiplication of the
genome of the pathogen. The meaning the term reduction of thereplication is described
supra.

According 1o a further general aspect, the present invention relaies fo the use of an

antigenic composition that comprises an antigen of a pathogen of an animal of a first
species for the preparation of a pharmaceutical composition for the immunization of an
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TDVSNAK EN A HA HK/ 156197 TAASS_ A K_ ES
HA/ HK/ 156/ 97 TAASSAKENT the amno acid
positions given in TABLE 1 refers to the positions as

wO Bwepiari |y defined in PCT/US2006/041989

animal of a second species, characterized in that the administration of the pharmaceutical
composition, that comprises an antigen of a pathogen of an animal of a first species, to
the animal of the second species results in prevention from adaptation of the infectious
pathogen of the first animal to the second animal, when the animal of the second species
is infected with said infectious pathogen of the animal of the first species. The term
‘adaption” as used herein, means among others, that the pathogen is adapted io the
replication in the new species, which means, that the pathogen has overcome the species
hurdles. The species hurdle is deemed to be overcome, if the pathogen spreads vertically,
which means from animal-to-animal of the same species (also called: inter-species
transmission or vertical transmission).

According to a further aspect, the invention relates to the use of the hemaggiutinin H1, H3,
HS, H7 and/or H9 of the avian influenza virus for the preparation of a pharmaceutical
composition for the administration to a pig, wherein said pharmacéutical campasition,
when administered fo a pig, results in a reduction or absence of the reproduction of an
infectious avian influehza virus of subtype H1, H3, H5, H7 or H9 in a pig, when infected
with said infectious avian influenza virus of subtype H1, H3, H5, H7 or HY. Most preferred
is the use of antigen H5 and/or H7.

According to a further aspect, the invention relates to the use of the hemaggiutinin H1, H3,
H35, H7 and/or H9 of the avian influenza virus for the preparation of a pharmaceutical
composition, when administered to a pig, results in prevention from adaptation of an
infectious avian influenza virus of subtype 5 from avian to pig, when infected with said
infectious avian influenza virus of subtype H1, H3, H5, H7 or H9. Most preférred is the use
of antigen H5 andfor H7. According to a further aspect, use of the hemagglutinin H5
and/or, H7 of the avian influenza virus for the preparation of said pharmaceutical
composition is even more preferred.

According fo a further aspect, the present invention relates to the use of an
pharmaceutical composition comprising an antigen of avian influenza virus of subtypes
H1, H3, H5, H7 andfor H9 for the preparation of a vaccine for the treatment and/or
prevention of an animal against the avain influenza. Preferably, the antigen to be used is
H1, H3, H5, H7, and/or H9 of the avian influenza virus. More preferred the antigen fo be
used is the H5, and/or H7 of the avian influenza virus. According to further aspect of this
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SEQ | D NO 1. I'n other words amino acid 223 of TABLE 1
refers to the am no acid 223 of the sequence of SEQ

ID NO1. - nmeans that the amno acids at this
WO HBEPPBi¥ns are variabl e as conpared to the rBfEF{R041989
sequence. Furthernore preferred H5 anti gens

that can be used according to the invention include

10 antigens which conprise |I. a peptide having the

sequences of NCBI Accession No. AAT65209, CAJ32 E‘g di
G656 2iTARTS B7 AreaieAREIRIAY. ABISeghICky(Esags,/ ccording

to f@ﬁ%%%@%t Sggtgon m‘ﬁ?@% tvéé@?&%&anﬁﬂﬁg?g%ably, pigs,
catlieANITIB 8ol A9 6IPES. %54"??@& (i M AAN17264,

AAN17263, AAN17262, AAN17261, AAN17260 AAN17259,

1722 St 4 6284 mofidO4a IR tion
ARG8T “”'}EAN%‘?%%% ﬁ%&s@%@ Ecmﬁ'{épdﬁescsgs’[: BAE4§,€38?;G:ZO“ )
of tBAABEUS oNRAEABhogen AR AFEES T BHEMBBYT CERE)
pe%@% eriBAEASRAGantigeN SoEathogBAR) 86 8e|m98 piEthe G species is
AE48684,

e S SNl R i S
theAaiitdal Qf 1he WAPHR0ES), WW‘V@@C@WMW%G%SE' E'@)Gels lts in the

rea‘\ﬁgg%ggqe LAAPT2008. ARG SARRARROEN oINAE ERBGR of the first
AAP72000, P71999, AAP71998, AAP71997,

spesE N YoMl Qb EGERCNd RREFF004 AAF99718. ABF58847.
AAG'38534 AAC32102, AAC32099, WD

A 30 R e s ARCI2100 e o
pommgtngmemm beneal of SgKghet @ﬁ%@éggpe{mes is a

Z( bﬁ%ﬁ@le W%Sde%&am%%ﬁ%ham1@gqs§ or human,
Halkiab&ibed

m%h?!f 566 2 PRERT ADPns RATTD S8 i Abant dre RS RS 05, -

Pré&5&Q0Y 588, anbgenABBSBG ¢F oAy p{ al lgﬁg(b[)qr{j%n 9 REPRIEOLY

m11:r%81§5m§:§0 SRPREERR), Baapicagygantsat ie opvied edgih leyerernore geaferred
% se

ence hEnD|OﬂX1 still nore preferably at
sajdapisTooBET HBESFYERINRYE N0l ogy, even nore

preferably at |east about 97% sequence honol ogy,

Tr%t | IJIéo ngse Hf iﬂgraﬁmm ef ﬂalg 3k ¥pties! paiabRee tho88 tentioned supra.

onol o en _nore r
Brleﬁmsﬁucmp@ﬁpggg g‘é%@'ﬁl‘@ﬁ xﬂ@ﬁo“l"}iﬁfﬁcgrdﬁ'ﬂefg% fﬁmﬁf a%f)ect said
pafogkn isPihd aﬁlﬁﬂﬁnfﬁbw viresraiygbtype ti1n HBnHP.011 % pbtﬁ ,Mprg preferred,
sq?c{ ;?a dar d, 05 n?ﬂ%\ |Hﬁde5£epv ﬂu@%# QiblyoemsAg, descri bed above;

des of 1) or ii) having the
am no aC| ds 223N 36T1223N 36K/ 223N, 83A/ 223N,

A%ggdgfg%%s Jufkrers Nthe&ﬁé%/eﬁtzmdntiﬁﬁr\élam%ﬁmﬁ nmw@zwrevenmn

ofltgegtrgrgggqqtonfé 8 F@ ga 3 I}| 32 %%% §13$IF rsljs?)@éég'%%ﬂ’ animal of a second
%&mwezm 228 ant@mm potheceD IPrRENG! 25 3 [YShEPEFIo S Voo

for %@E% an Qﬁ al of a s\écor@rh‘{)eﬁéﬁ a@@iat he paihbgenfof tHeanimal

ofztg)e ﬂ@ spepips, ¥ req_xd gdmnEIP’Lr ﬁ“% th%%hlrég&gs #0he fedtuction or
tr&%érwéwmeamrmcam afspatnbgamj ttm‘ anird 16f he E)lt'qt segiegfn an animal
ﬁght% I I orec%es We%fn Yhe 3G Af isS e hahdddli@Ain C(Hyadrddor the

PEIT those ant i eni ¢ arts caonp

namramcmlcmee tﬂNEQﬁBlnfﬂfen% virysy praferably of gYian; Qg a% °°’§‘"ﬁ 8 aﬂfurther
Rinfigdro &R HINHB YR IHT, patidrdiond theraviag influenza

agﬁ%igfrﬁ%ﬁoméatgﬂwdﬁ{zzsl\? or 25vii. any of such peptides

of i), ii), iii), iv), v) or vi) having the am no

acid 223N and one or nore of the follow ng am no acid

clusters selected fromthe group consisting oft h. aa

93 - 95: G\F i. aa 123 - 125SDH j. aa 128 - 130: SSG

30k. aa 138 - 140:GSS |. aa 226 - 228:MDF m aa 270 -

272: EVE n. aa 309 - 311:NKL; or WO

2007/ 053446PCT/ US2006/ 041989 viii any peptide of i),

ii) iii) or iv) having the am no acid 223N and one or
nore of the followi ng amino acid clusters sel ected
fromthe group consisting of: d. aa 93 - 95 G\F e.



5f. aa 138 - 140: GSS "Sequence honol ogy", as used
herein, refers to a nmethod of determ ning the
rel at edness of two sequences. To determ ne sequence

- WO tiomossagy, two or nore sequences are opti nmal PI/US2006/041989
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al i gned, and gaps are introduced if necessary. In
contrast to sequence identity, 10 conservative am no
acid substitutions are counted as a match when

det erm ni ng sequence honol ogy. In other words, to

viglst ahareas pisl argép tH70gre ofiord lefdited] Rahérd @ichayd B&Scﬁﬁltfﬁ of those

aﬁ@gH@g ﬁrgg%%%ogy wth a reference sequence,

prefera Y9 even nore preferably 95% of the am no
acid reS|dues or nucleotides in the reference

Aseediedtoes fikbdér ul?ﬂﬁdjrfdﬁt éﬁpe&oﬂ'@ rpk‘e%@nﬁm%ﬁf‘cﬁﬁre}é?és'té’ g [method for the

oS 1) S St o oL E o
chagagferized freffraitan antigen of algsthogen ehampmimapsref f&ﬁtaépéoledm ubed for
the dm@{inikdien bpérﬁémrﬁﬂ"oﬂ%r #ah %rﬁ&ﬁb%ﬁorﬂf s QH&l %%tt ﬁ nots d against

thQOt |nclufctb servatlve substitutio
Foplrasn %3&* %f the Irstypeping dyersn 1hﬁta6memﬁé'au@fcémeen
reg*dt;fue oered@iioh er el abstrive di GeDlep@dGEaN BE patﬁéyéﬁ lof #8%nftal of

t f
b SRSerbol el ShPry B B! SO B0 e ¢

Qo‘%@ BrgcPish chighes, duofoet%p@fﬁ’ theigpimal pfdharesrond spegiee iscemammal

otharntbérobymarg pasierably g estid) hotse 66l dafit, Q*hbg posl ﬁa'rr@fér mouse,
t he sequences are "honol og" "at

Fefe
? I Cul 5%3p03|t|on if at that position, the
nucleotldes or am no acid residues are identical. The

THeCﬂa@JaogﬁhmJ@Iethe Ghinfl Ghthg Q%'t tsb&Q:rbs;' ﬁ@“@lta'bg 6 tole Héﬁﬁaned supra.

nber of nucle des or

Bty EE epthaRel 1Pt Rl ST eTeR s iR (b it aspoct, said
padegere fsclbe lviam irdiggnza Seaniefeudtype M0 BEYHE MY HieHd. RRFE béferred,

udlng but not
Sa%ﬁjr%q‘t@ggmtsgﬁee%ﬁose escrrﬂig%%%p‘ﬂg%ut ati onal

Mol ecul ar Bi ol ogy, Lesk, A N, ed., Oford
Actioriiing ts & fuythBY @spect, e pre¥ert hiw(eﬂt&& 8dlateBies &%H& Fdp 973 prevention

f P
of & BRI NE o SPRREIYIF o0 Hl By teiomtles Ay agorzea
in @éf:ﬂj‘é'ﬁ%OdeiaéhOQP@ ptan anm@i of 4 finst, spcies is uaertifoihk frfihumizatibn of
anGnim#2 &6 the ééﬂéfﬁl%e&é@ﬁ&amsw plaﬁ’fo &Y o th Ainal c?fqg%ﬁrgfsfpecles

Bi ol og von Hei nge
whg\re%dﬁé glmrgpsénggort T‘S%Nf{ a”%'%h{?é\‘ﬂ?é %qeggqtign =3 ’fhﬁ@bsence of the
repEpdusioOf, pathogen df Bevatieabof the firsesiRcies M aStaaidsl 8Mthe second

spgcﬁe%s %mel@ﬁ\V\(hg%rnE?énllg%Q h%rﬁéb% Zf@% f%%%n?l{lgigg%gg?ﬁ@%gge {N) of

'“ﬂP%’EEW'rH§§rgPégEI o Rvigh erigimAsepigingtted fadhesiaapdstof said method,
ther grftigere iscibe HA; BEHELHT, RO ES df Shdd Sl WIS Zh Dfus, whereas H5

ane des lve the |ar
anBBIHPUGE Rl Pl AaIE LB ot ot e uiobna s found
SURfgt ermi ne WO 2007/ 053446PCT/ US2006/ 041989 sequence
honol ogy are codified in publicly avail abl e conputer
prograns which determnm ne sequence identity between
gi ven sequences. Exanpl es of such prograns include,
A fytiperagspesioof thenpressnt fnventioh arelatEs I H G ANBAORE KRD Brevention or

BRI b R A B e o

(Al'tschul, S. F. et al. . 5 Nblec Bi ol .

215:403-410 (1990). The BLASTX programis publicly
avai | abl e from NCBI and ot her sources (BLAST Manual ,
Altschul, S. et al., NCVI NLM N H Bet hesda, MD 20894,
Altschul, S. F. et al., J. Mlec. Biol., 215:403410
(1990), the teachings of which are incorporated
herein by reference). Thede prograns optimally align
sequences using default gap weights in order to
produce the highest |evel of sequence honol ogy
between 10 the given and reference sequences.
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g. aa 309 - 311: NKL; or 15xi. any H5 antigen having
the am no acid 223N, and the nodification 328K+, and
one or nore of the follow ng am no acid clusters

wo net/estesd fromthe group consisting of: a. aRCKHBS206951989

G\F b. aa 128 - 130: SSG c. aa 138- 140:GSS; or

20xii. any H5 antigen having the am no acid sequence

of SEQ ID NO 4. Furthernore preferred H5 anti gens

that can be used according to the invention to the
apipgle AE j30 fedone | PrgeietHSn aat iagiera Wiserele s rphBethcbitical composition

cdrrﬁ;ﬁrfslﬂi'grﬁht@én 8 the MR geN QF an legrﬁn% rb@+ﬁ96 frrép Qpe[cres is used for the

'%ﬁ 15t %20 of § tember 6, 200 stlosu

1P A PRIRA IHAT FeorRd sRfcier @pging Sheeatingen ohibe enimabyf the
firsedperiendbe radembimatidreevents oftert kep@ribRGoAGIefLoRRY df ‘tr%rh%ecles
hrﬁ?ﬁfeé e atRioR oPhRUENBR oP?lgga REL ilioh g\f/een%wq?cbregﬁe[the risk for

oacid position as exenplari Ve
'% tﬁbsﬁe%"p%g'eﬁt et%ﬁ’éc%ﬁ‘rgw@'eseqmtoowe tleecome, if the
pailmmggbmbdm Nm!@ﬂly,srmuah eghe %ﬂ%d‘?ﬁélﬁéﬁmg{ &%h@%g?’re species
ept | n ot her words
(alsﬁ? ﬁleﬂ%nﬁpgpe%%s m'sst' J’)" ﬁgﬁ%trﬁ%ﬁnassﬁi" position 223

erence 1s
(am no acid 223) the am no acid residue is neant

Pmﬁrably GRrfalRendsreld? 1R MRy ar%&ugzlﬁo Wgre? Ig [%gé\@ Rathogens

cur.rent am no acid
ane b, BiSil 1558550, e AGarincalecitiner [smbegmant of s
methed, the fisati pathogen ds poiEht inbesza 2Bus BAd l%secdﬁ@ pathogen is a

maRA4lad ﬁﬁrﬂé&? Q-F(IQ &5%!0 #:h'?e?gst g%ﬁr??e%t IS a& EE@“F‘DWWT? the

ac%org1qg he am no aci ons “of
SecondgRae rb'a@é'"afrﬁ'?“a't""ﬁénﬂﬁﬁ'ﬁzl‘?d“'%Ia@rﬁf@m’ﬁ@nme(ﬂm)al cotnposition
coupties awtigels of iabiah GhfieAAC GinisSHIBAS, HE, D aAdL 45 even more -
pgﬁa%dmﬁ mﬁﬁ, no acid 223N', a I-15 am no acid
ecul e "normal |y codes for Serine at amno acid
position 223 - nunbering according to the am no acid

Acpargihg It@l’anuﬂﬁer5ae§5@ tHe ihveHdont re[atE;b"&I arﬂ%tﬂ@d ﬁﬁitﬁe g%g%on or

bstit t n Aspar a
pr&gnﬂ%H %&(}mbg% ep a %ﬁtﬂ oft fmagnrgrpl gl rf@s’t £Ppeles and a
paﬁsl@eent ploan 32®abbf ESsegnnd gmaties in Lembarihalgy me:emrﬁlpﬂﬁnia@eutucar
cehb&ﬁ@mcﬂr&p@é?ﬁgdarﬁﬁéﬁ bi tﬂ@ %atﬂggerﬁ‘%(aah R & the ﬁrrst g%ecgg rs used

forLté i 'of an Ao e

%d‘é’ﬂi{rﬁé"‘" fo ae.annaﬁw 3@859&{%@ sw'eﬁ&tgemaﬂ thy pethdgen of the
anifrat ofLfhie ffirse speckisnand wherbid ihd Qdimthtéﬁdttﬂﬁ of Kdid %hﬁdeln B&ilts in the
redu%‘ﬁ ﬁ'ﬁ'@ abggﬂﬁlg\é?{lﬁ gﬁ)rgélic?f ! QJ%E%O cg?mrrpﬂro?t g%ps(t:segecres

code at am no acl

in ) &nimaiplyBgi s9e0nd ppagiey. Bigfdnahhadecse rattgbrer ane3@ dierfamily or

germedll\fdré: @i‘éf&ﬁb!?ﬁgfbﬁe S;fz{i]}gggr?s %g ?{rllﬁoe%y e ?atg)m%ﬁaﬁla vifd€es.
M°Pet%§eerb§q?‘? O+ §3B50er & Haar @BZ%&!&E&{@&M@FW redegen is 2
mapmeian piienes vigsi nereﬁer@emhama(c&h(ﬁanl co&rﬁbé;tidnsoo&ipﬁébslaﬁtrgen of
avidrhignusRaNVing HAf HE hes, WYeéﬁimr %ﬂh‘o?@?re%er ah Hg gﬁ é—lh7er

anti gen, particul arly’ any
used in a nodified or non- nDdIerd versron

mentioned with respect to H5 antigen, nost preferred

T ol i Enie B A N B R 5 o camapace

in aarec%fa:hﬁ?ar BanReH ft)rwe«aﬁmtrmm lﬁ?ree!i therhacgievims egfreddnlsostsm in
inseat cERWFlirthet BXArASIE B RAY e RAbILMR RENGRIE @%ﬁr@&%‘ft sysiems are
nodi fications within the nucl eotide sequence of
influenza virus are well known in the art. The
genom ¢ sequence of the entire influenza virus can be
nodi fi ed according to the invention, for exanple
according to the nmethods described in US 6, 951, 754,
with further references. 25 Furthernore there may be
enpl oyed conventional nol ecul ar bi ol ogy,
m cr obi ol ogy, and reconbi flant DNA techni ques within
the skill of the art to nodify a nucleic acid
sequence encoding for an antigen as descri bed herein.
Such techniques are explained fully in the
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Animal Cell Culture [R, |. Freshney, ed. (1986)J;
| mobilized Cells And Enzynes [IRL WO
2007/ 053446PCT/ US2006/ 041989 Press, (1986)1; B.

wo Ber/bsai46 A Practical Guide To Ml ecul ar C onfGiyUS2006/04198%

(1984); F. M Ausubel at at (eds.), Current Protocols
in Ml ecul ar Biology, John Wley & Sons, Inc. 1994).

The i mmune response agai nst a henaggl utinin antigen,

e.g. H5 in an vaccinated animal 5 can be neasured by
badigtiztl @xuptessirnheydtonvee blichk BO\E. | dali tneB. agubiilisf §6astrM | Spression

i j : riefl Ser ant i.bod
SfRFRSSlch B8 8, boRAIR £ £ e B RE el P PR foetoms sueh
a$ fRiBTe GiP-(aarier ARBhased axpiessiraistenisi Sedhi systems seypgsll known
indthe afAcae Pbasaly VaRBRS, ©.grestmeRBIPhrdudHddeh Q.tas&gioﬁéh inc.

(%oaﬁﬁ H d,.vi rus ne [ i Qn assays can be
4 perfo %rl;}eq%ay! rFf% 'éh’%ﬁoh Eﬁ?@ﬂ?%‘éﬁ%"ﬁé‘% p&ﬁe@“@@? pEPresgion strategies
aigderceianels deatibed imilisohow 926, Vasduancetd (2abDy pp. o12¢9-4859, or
véieehel,quess el 7bsf Zgp. Db 28198 :
o o (o Gy B WRRR ypltors SRAIRH: adero-
BHRY? 85? VIRIS gysieps gie wellestablished gne gy exampfe depgribed jipUs 5,436,146
or38VAZO02038E2 1 witter fartiee tménqes.egaqr@vé@s\mahiat ok lQ(irus based

e ! | ow, at al .
oS e s ime S S R e B efrones,
arp A% wiRt cstablisbed | and axpjiable rfe | Rsprge dbepmbinant antiges(shf antigenic
Cmﬁﬁ?méﬁﬁ lﬁeiﬂ l@&%ﬂr@iﬁg éd fh@tiﬂednﬂﬁ'ﬁt S FMrth"éi sﬁﬁ%%ﬁéré)éﬁf‘éélslbﬁ systems
e _understood to e revelvant

mERERE & rootiblalr Beboll SRisk: Sl R SV 81 BvhEotine: putsasics
viupgpandirgfevissseslescri bed herein. According to a further

general aspect, the present invention relates to the
rises an

Acusr?.nof ag A0t I geni co%osi tion that cong !

LREINgdma by smbcg?ﬁ fedAsPe ohihe prgsefinventigny the aptigen(s) or at
leash @oé @g;tig_,eorisltatee prpdm;e_ariatihmt oe_ills ebyplssignhe Et!ébdtl@xﬁths expression
sySERP MRrd IpAerb Ry, E:I-Eeréc%iﬂérﬁaﬁcﬁcgigvi%%aet@n%?c%gs' 4P ltheOfant?gen and

second specl es; aracterized 1nt

ProfiRe Hieanpaan; Biisefccardingde adethet aspast of thepyentianothe abtigens Ht,

HZ; ofif)r HB emidan KO tdf gRmanOfnfiderat kg edte Aodad AB1 Peducel B the
rerfcjn{bﬁfa{.&%%&[)ﬁ.%s to an ani mal of the second species
results i [

, n-a reduction or absence of the replication
of a pathogen, that is infectious to an animal of the
Holelr HEPEISIAP antigBn@f) AR ooRlpolifih( SRR ARAGHET vius
comh§q1salgeanlnal 8@ t he" second SpFCIeS is infected
VPSS RRUSEHr 8B+ FPGHCIRUE HEGAN o 2ty RS reampgeing pa antigen,
préparagien sppdior émgmpnisvefdadviibatvhérbie seid ipgaradbn tdh@/or fragment
coRPlidifdeiMigersgMPosi ti on of the pharnaceuti cal
conposition’is present in or on the infectious
pat hogen. The term "replication” as used herein neans
Analﬂmﬂglpaitdfme?@,ecﬁ diehedireddnt ?%érﬂibh Isithd ;br@l?éhrhﬁbﬂ #PlhetpRSmaceutical
0 e .neanin e term
coR BEHBFe o AR HPRn PS8 bearSer g patrosen as
degeribest @beis- tideaskilpd: persony dnews | addiigred tcomprentsr ehieltmay be -
comprieeat inOgaid aitoﬁ{ptagiﬁér@fvbaanéésﬁ:ge{hefwtﬁnéﬁ @Hﬂ'(geet for _example,
osition Qnpri s n, antigen of a pathogen
RIS enoodftor Stitee GRal vl va, Medk &unl Eapak famerver
magfuse kpbar infeciabie, ehysidayigabs etdeptablosterlie) olitineI NF of PrdpaRng a
A ; 4 / 6 8 .L.mal_of a .
e G Sl B S P or Sivofponcing
adm ni stration of the pharmaceutical conposition,
that conprises an antigen of a .pathogen of an ani nal
of a first species, to the animal of the second
species results in prevention from adaptation of the
i nfectious pathogen of the first animal to the second -
animal, when the animal of the second species 5 is
infected with said infecttous pathogen of the ani mal
- of the first species. The term "adaption" as used
herei n, means anong others, that the pathogen is
adapted to the replication in the new species, which
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poultry. According to a further aspect of said
nmet hod, the ani mal of second species is a 15 nmanmmal,
preferably a pig, cattle, horse, seal, canel, dog,

WO mat/s3menst er, nouse or human, nost preferrebﬁﬁUﬁ)lO@G/Ml%’.

The antigens according to this nethods, are those

descri bed supra. Preferably said antigen is a

m croorgani smor an antigenic part.-and/ or preparation

of said mcroorganism Mre preferred, said

pisma portgasbistonssare freadily availabie.grte, pk%ﬁﬁéte[lﬁb@%@ﬁ;ﬁfé!ﬂbﬁ!%cme

| i_nf enza, Virus
" R 2 B0 Bl B o et win
*@?%*@?'%/SOAH'*@“ el betera yssader steleonddiang 4.4 as sk lof parts.
pathogen is the avian influenza virus. According to a

Md&l Ifneaétp ! ceu’?‘ %ut hg Sgsﬁ;?g%}: g.%k;%‘ﬂ g{vgttltlolf{ ecgr% ﬁ}ciude
Orpﬁ er @TOF% @eie@mrﬁawphblge@mm tAscusedi Baveinnfd velairanvadcesable
cétfiers méﬁ.lbfébe bl hot ﬁﬁffé&f @ 4 4R A JO%EQ e?lsﬁ’eﬂ?ﬁp hredih hgoatmgs

res ventlo ates 'to a
B G0t el Srocens: Plefisapeseiivn SEbBRerR) ger soiungsl agents,
isgionicayenty, adsdrptioptdelsping bgsntd, ancithe ait. el of a second
speci es, characterized in that antigen of a pathogen
of an anjnmal of a first species is used for the
Dilythiintaralnrldie ypteansaline.negxtiese. ptnselo 9iiceple éne she gk risetonic
adents et incigen sedfiurh diofine, @dxtrede, @lanhifh ;drlilt%t aﬁ@qut@s%; among

oIS AR AR 0 0 B Sy AT o

Gﬁﬁmpathogen of the animal of the first species in an
ani mal of the second speC|es wherein the antigen is

AFhe nagﬁlgm nin Lwandlor t he neuram ni dase (N)
GRVHY 135 eF9 9f%§ 8 ARFIIRHID hydsexidgAngraiypiRum phosphate,
sapogoy @igwgQtib A4 Q821 helandsipgee Biadéchsicd Capibhiegs MA)e GPI-0100

3 , J-49 of .the..
(GRIeR helcelocle oo Bifhgball, P My b St in-veter
em'?'%wa%waswteismaﬁ@nor H7 are nore preferred. A
nore detail ed description of those antigens is found
ot .10 furthe ortant .aspect.,
T Bhsion cor R0 BRSO ettt o e B §3RGR P clEuropoan
PWW@?\Q DA dforréneict eih puah &% baislane qi sourlbrEg e il sésuling from

thﬁlﬂgdifﬁérlzﬁﬁonaoffallk%ﬁés $P B&tiQfarldP iSdLBRL orcrnﬁér‘?é: te@lrelfszcﬁqzlcidg or of
tmﬂﬁt an entlg G1 ﬁgﬁathogen of an Fnlwa first
AOPRR; @LMTING, & o tpeap AKYE IrOYRmIRATS arisHiagy plant g dcats,
prefyteoe givbel i-vapryiataidapeats)eglpcedyl Speaprelate/chfrate) bsprapfier glycol
iR, %%réﬁraﬂ% cﬁl‘% dr Ao Wdaﬂ%ﬁl}art Frﬁstéanﬁ?&d esters. The

ge0|es ereint m ni stré
oll i 4f5p4 & pombi Wémf‘e\ﬂhhc?meﬂﬁf FF ¢ [femahoctesiaT. Thacomuisiiers are

prefeqabig ot lidnin s(kffacﬁtﬁitd',] oge aaméuzdrh@st@ral deaL-,orﬁﬁanl Qrh@ahdideS {e.g.

RSO oB b f UBL of ohlodtd” SO SrpREte Shipt gy of ol

isasfeRb% eficinalRie lor bxdfoxysfam @apid, ahichaireobptiohalys ethoxdkied, and
po@@%f@?lehép&yd%?&lméné)édb%&mbh Bchl&u W&rﬂcﬁfaﬂ!‘%rﬁmo%c F&'rcgiucts

espRla Dol St riirott a1 T ahetiy g Eicienl Ampieeion AbAdisrants
(Ed-BewartiTol, BpRcS.psiopnwiiey aal Soray &Y hpﬁsmm(ages)cmﬂdrodd et al,
I -2 S t v influ
R BTy R PR S PR o B Rioen-
is the avian influenza virus of subtype Hl H3, H5
H7 or 1-19. More preferred, said pathogen is t he
avi an i nfluenza virus of subtype H5NL. 20 Accordi ng
to a further aspect, the present invention relates to
a method for the prevention of the transm ssion of a
pat hogen of an animal of a first species to human,
characterized in that ant%ben of a pat hogen of an
animal of a first species is used for the
i mruni zati on of an ani mal of the second species
agai nst the pathogen of the animal of the first
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20 pat hogen of an animal of a second species in an
ani mal , wherein a pharnmaceutical conposition
conprising antigen of the pathogen of an ani nmal of
WO B03i46st speci es i s used for the imuni zat PEHUBN0EGH1989
ani mal of the second species agai nst the pathogen of
the animal of the first species, and wherein the
adm nistration of said antigen results in the
reduction or the absence of the reproduction_ of
basBdl BOEEM duble asi NEMUHIGENE f EMULSISER D es MUY LSHIGENP™
EM@\;% ﬁg@ %5 (‘QPE ag&%ﬁ)%ef Hﬁ&' @zﬁahap = QISN?' ¥ hat BESE surprisingly

enus..

founat, ehagrtismyacetiivakEopa ﬁ@@@ﬁgma% R ETiiss 1 paep, Bilpreby

rechriibihatR 5 ?Pﬁ@eh WatSeffdrieyadpianted withhl-if wa’@;] elpuisiAty @iz;qr@b]y
avli an Ln UenaVlr p 0 U$&

withygsvch | FoHisioRt E%F@lqz ad S FnHPe ?p?é;‘er 996y PREkNOERADLSISEN® and

I Tus, red pharmaceutica
EMUDBHBEDI-PT.on conpri ses antlgen of avi an influenza

virus H3, H5, H7, and/or H9, even nore preferred H5
and/or H7. 30 The anti ni.d m
Morsovgiodiis p@sﬁ(l:gs toagseugugdsqﬁfn %‘8?"8’ e?cgigﬁén Ipra] S, r1]47| 81;] accine
Desﬁ%ﬂ" e s\aii land aAdjwamnbmmM" ndstmetry Mi Fewalk gﬁ% M %@)Mﬂan,
e

se QY 150 SRS PAgS ¥Sd Fithid same book.
Pbpwgggﬁs‘ﬂﬁﬁ gr exanpleslof wel T established
r ecombi nant expreSS|on systems are WO

A M?/.&%%@P S bAISARDR/DéchgBand elwisen frarh thex prlgseh ghactylic or

megﬁgrgfgcsn%c%g g %/ 3‘%:'% rﬁgp&ﬁ%%{s OL¢ E{ale?tu Bhiyaide a4@ aﬂker@ﬁi{@ﬁbatwe

cerevi sj ae or g € ich

Admnmnmdjmnmpomraé%memlywﬁcéﬁgry gac‘ml acid which

are c ss-hng_e@ e@ﬁ&l{l Q)?é)ﬁeﬁ’ﬂl eMpre 86 isogurs yspayaioh@sic ihese
syst are we

|
compaHnsaBraknaun Y Py 8"1"@?‘1‘? PRI B PEEIR 1 June 1008)
Peis@h@ ERke ih @ art Ben alo 4G80ORALS- gmtayggplo PAPHHER which describes

I? CI;{{’ % roi 6934§rg§ - 604 W,tp% &Jﬁya,gwe@mmﬁd @8ving at least 3

are for exanp ribed in Lils
hydszyl \m@msn Ql‘efﬂljab[}j_ guo( m}hanp éllt'oms 8{'/81}” e%t three

hy@b lm ¥plcedlflinc20R6, aliphmtic Mi@:ﬁb&ﬂﬂzg alfeast R 6THDT gtoms
adengass r 0.4l livi
T T i
and TotN 200 BOBBINC ungatU crdvep. Ther WREhERR FRSoVEY sms WT
co¥%ﬁ%’tﬁ‘ér%u§:§?rﬁ?é}ltsvédclﬂl%s bﬁtﬁﬁ%ﬂi ThE progkgs esls uonharsﬂ}@mm arbopol ;
(s dioerate o, 450) SR oy Satiype iRy b gt apiAS Al
suBfold UEwith zﬂigiqmbiaemmm@g fitge) the@mqygt@ﬁp@uoned Carbaopol G74P
Qﬂégr‘gﬁﬁéir?t’l Eagﬁﬁﬁ:’r&érrébs RAn& GSPBIOEADPIMTE PEAINBNE | copolymers of

e expre on
meleic ATt eriget arﬁoggw?(gprll\%gés thé%éw?ygger%n% @c?rwg;nto) which are

 copbiykers @W&@éﬂ?ﬂlﬁﬁ a\mw@meaﬁm dissblution of tkass poly@ers in water

ccordln r & order ¢
legdisde @Rac ﬁgiélmq ?ﬁeﬁr‘%&l i2ek s %Fag? t«g gi;g{&ﬁl gH) @& order to

one
gigentthe extiuvaritasaution oidtec adich nthﬁ nlwoae@rq émBV"?ng"?ﬁﬁ qrgccine
HRABNBY I SapBEReRsIABasyst em More preferably, 't he

i nant bacul ovirus encodes for the antlgen and
produce the antigen. Thus, according to a furth
FagHee elitadfe stdjlﬁ'anta\nﬁltdeotmt arsheotdinttedion et fIBI E@U\ﬁgf Syl%m (Ribi
d/, or | n V BAELS ir6rQd Eeheamitle CA),
”%5o3%@%ﬁ‘%§gy € r o |ﬁ%ﬁ%§b§§LIOV|rugmmlbmever t he
rel evant antigen(s), antigenic conposition(s), can
al so be inactivated virus conprising antigen, an
apat hogeni c version of a |live virus conprising an
anti gen, 25preparation and/or fragnents of a virus,
wherei n said preparation and/or fragnment conprising
antigen(s). Another |nportant aspect of the present
invention is the preparat%on of the pharmaceutica
conposi tions such as vacci nes, which conprises at
| east one antigen of a pathogen as 30 descri bed
above. The skilled person knows additional conponents



10

15

20

30

30 isostearic, ricinoleic or hydroxystearic acid,
whi ch are optionally ethoxyl ated, and
pol yoxypr opyl ene- pol yoxyet hyl ene copol yner bl ocks, in

WO parpiged ar the Pluronic products, especial | PCT/ES2D06/041989

See Hunter et al., The Theory and Practi cal

Application of Adjuvants (Ed.Stewart-Tull, D. E. S.)
JohnW 1l ey and Sons, NY, pp51-94 (1995) and Todd at

al ., Vaccine 15:564-570 (1997). Exanples for suitable
meinpphoaphwer! épid &rdiridirenipideanenEadlivainiy Beat-labienterotoxin from E. coli

e - T e

EMULSI GEN- 75(r) (MP Laboratori-es, Inc. Oraha, NE,
PtdBAgbly, |the b@mabee BAGHdI i) & SInOGH Yf étﬁi&t’lmo i Blabout 10 mg per dose.

EQQ%H.% &fthé \égp\(}énpg a4 lﬂ%lntal ons L hﬁaﬁﬁ&&ﬁg Ey a%out 10 mg

ant |ge reco nant
P 4088+ E\(ﬁneryoradarejm tg aﬂiumt & 4dded lm\m emoenhelf sban $00 g to

atifue b elidbdritode. Wvbh nfke EFEP&*& HeORM BRI dacRd) zH)éﬁQFn%g(t 0}‘ about

re. pref bly with
RPN AR S Helpaticodl. %8t PpeTE HorhepY 1% fiHed oA ambint of
akfwt t morerdess. page 147 of "Vacci ne Design, The Subunit
and Adj uvant Approach” edited by M Powell and M
wan, 10, PIenun1Press 1995, and the enul si on MF59
Trlfe?@?"*t?é?ﬁ GAlvMgeRie rempeitiond sans dphep damudeaoperarhmere other
imimebmoddatofy sgantadicivas k. d.nterlcOriAg w&cér&ﬁowhérrcﬁehﬁé&eme

pr%%é( u%\ll%cc ¥+|bc?sm%ﬁs Eé:ﬁ GA?&CFHU& ?( 'ﬁ'{) Iamd M?aﬁhlolate While

COpO e an
a@mwatﬁuawe Cowﬁﬂ%g%aéuw}Wrﬂddé@mmmgw treeohlert of the

pra€dny n‘ﬁéﬁiloﬂfcaﬂ%a‘ﬂhy Be @éteﬂiﬂﬁéﬂﬂﬁfyf the 'sﬁ:li@ﬁérﬁsewqtr%tbrés%nt iBbention
eci al | ethers

oS iR B e AR TR L e 25 hgetvan

andrsefe@biy abavtiR$ifeuy/{ Phasseunf dpavadche c@mpdsition.2n adother preferred

erﬂkﬁﬂﬁaent RRE %%ﬁéntﬁﬂﬂ&bcﬁﬁcdn&n’fp‘i”?esa\'}atcc ﬁ@'ﬂorﬁé ﬂtoﬁ&&ﬁﬁpr‘sﬂg from

eSscCri

- abgiy y‘rQ”EF‘{GoﬁﬂVH%?% gD S BN 66 1 Psérgnly I Xyanzabeut 30

ugdolmpenticibtbhavi ng at | east 3 hydroxyl groups,
preferably not nore than 8, the hydrogen atons of at
| east three 20 hydroxyls being replaced by
Adgaistratipa tsbigtegies JRminfleenzadvaseines Rey el kaewn dadhe art. Mucosal

vac@iidlion s&bt@@ﬁs fd?hgaciﬁbﬁfa@ ah& @ﬁérﬂﬁte@ahﬁas %@ciﬂelgoa?g contemp]ated
nin m 0

WERTHPHILRG ity Pubfo iR it oatgpleges nave

begm émghg%ﬂ todaivedimmauiogericprotaips tdtbesekeses cont ai n ot her
substltuents such as nethyl. The products sold under

| ; (BF Goodrich, Chio, USA) are

" AP PRIt b BAebiae 65 S agmored B:es. 2amean wiihear as a

cogingai¢ oy Ichigteris tsioms gro@dn with, fbhalbn‘ayioxmeﬂhﬁeisyéﬂaﬂelrd ®xin B or a

. ’ 9 4P

o 008 O T RS, OB 108, 534
OKﬂ%‘?n@ fi‘ BB ARARE F-240199%a Meresabyargites hesechoniuse ot éheycholera

toxtteBisubdriitveve bben 6apmaieEesnEMd %@é}mﬂé)f B stdh a2 1527,

195@22‘!0 Iﬁ%neqtﬁ gﬂq < an(ﬁ(}%ﬂl d&it@ﬂ%ﬁﬁgle@%&%@f%?gﬁ can be

P“ﬁ@&ﬁfgunmmm@mammnmomu|| be neutralized, preferably to
physi ol ogi cal pH, in order to 30 give the adj uvant
solution into which the inmunogenic, inmunol ogical or -
vacci ne conposition itself will be incorporated.

Furt her suitable adjuvants include, but are not
limted to, the RI Bl adjuvant system (R bi -Inc.),

Bl ock co-polyner (CytRx, Atlanta GA), SAF-M (Chiron,
Emeryville CA), WD 20071053446PCT/ US2006/ 041989
nmonophosphoryl lipid A Ayvridine |ipid-am ne

adj uvant, heat-labile ent%@otOX|n fromE. coli

(reconbi nant or otherw se), cholera toxin, or nuranyl
di pepti de anong many ot hers. Preferably, t he adj uvant
is added in an anount of about 100 pg to about 10 ngy
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WD 2007/ 053446PCT/ US2006/ 041989 (O her nucosal
i mruni zation strategi es include encapsul ating the
virus in mcrocapsules (US 5,075,109, US 5, 820, 883,

WO 200t0438i65, 853, 763) and usi ng an i nmunopot ent PEKUHG06/041982

menbr anous carrier (WO 98/0558). I munogenicity of
orally adm ni stered i munogens can be enhanced by

using red blood cells (rbc) or rbc ghosts (US
5,643,577), or by using 5 blue tongue antigen (US

Qe 9BIcoSH jmmEyztPN E&:agies rhdhdeowcagslmtiagrmtaa&w&imi:%éﬁ%ules

(lﬂE efovsl1ed, UBt £ErR8ds, aRd Uy @%@5’ l?'é:ﬁs gﬁﬁetﬁop\/\'{engatmg

pihe pres en{waﬁgéent | on.
"1?8\@6‘8? iES (RN amavt@gg%wcgy ,sf e«aﬂwe@mrn@tewaymmogens
car| basgnihancaddy winlgyed Biogt ¢l hbe)dr Hiajiest (99 8k sm or by using
bide &M Le gndgbﬁgg§g k/%{%éé?on the overall scope of the

i nvention Construction of a reconbi nant
bacul ovi ruses codi ng for and expressing HA H5
antigens The reconbi nant bacul ovirus containing the
ntigen was generated as follows: the coding
sequences of the H5 HA (SEQ ID NO 2) was chemcally
Thefetievdag exampigsdse boribpferomedaierlo andprotdvardsrin Bsdofance with

the @edseht idREcD At BPbBLASRRIERC ﬁ&m&v@f‘ I %@Q exa%ﬂ?es C?r%gro\nded

gener

byﬁ@%‘% g ﬂ‘l‘ﬁ“é%?i’h%"'%cﬁ"ﬁd‘@‘"ﬂ\gqh%fw shRyd ttﬁéie@“ﬁ% enimigiiqry gpon the
ovgrallscomer of thedavaltitragenesi s Kit (Stratagene, La Joll a,

CA) and subcloned into the transfer vector pVL1392

(BD Bi osci ences Pharm ngen, San Di ego, CA). The

pVL1392 pl asm ds contai ning the genes coding for H5

HA antigen (SEQ I D 25 NexAmpard H5 HA Mut K+ (SEQ I D

: apsfected. wi th Di anondBac )
d(ﬂgf’tg‘)n"é acul ovi x‘r?aﬁgﬁ VirgsEs Gy for gﬁ‘prﬁﬁ'qgs""( Bpantigens
Bi osci ences Pharm ngen) to generate the reconbi nant

Thbaﬁdnﬂm-lahﬂﬁacﬁrévhﬁ' cehtaamt;mee a8 nﬁ%nﬂfe H‘%\%%ﬂ aggqﬁﬁs%e

NOQ 2 d K+
CoP"e] o }"ﬁ%ﬁf 0rgatg'f‘fll i %‘g‘gdbgggr%l“l’ﬁi ‘@f@h esynipesiged gand
sub@@neHSntewhe(tSE@ammrN@;@) p\AridoHBDHAodiBnKds KriaRngdd, NGh flego,

‘ :ge “rﬁe FPJS"’I-@W forubAr ¢ SfE'letﬁel\gg ?\ﬂg&‘h@@\%%géd ngelﬁqﬂ]g oﬁlgonucl%otlde primers

Wer e pr oi g‘l
phiregechMutapeassiy Ki dSirataganies Lia bl t@A) and
sukmlttr‘led HEtoHﬁe hxaosfé[ovectdum1m @@Sslbbckkﬁ@eﬁbﬂé(rﬁﬂﬁg@n San Diego,

AT eI SRR SR e SR Medpea o
it Frigeld E’t*%c(ﬁ&@ IByN@d) wetcothal cedrusieasd witnDialnendBac®
(Sigmb) Mﬂloeiﬁusl DNAhid B het ceflI§ Brs& 1oe8 ﬁ%%g%%%@“emte

T e A s
oot R ieblnsoaniie e aones St rodle TR EINGR and Ho
HArfé@lSl*r‘prﬂ?@mior BEQUD 0Vd:4. UBesreddritindht MbdioHEJsbhAcdHﬁlriﬁ‘ig the genes

dRFRLFE! G
co(;ﬁm il rl]-}lﬂ? E?E)élnl(?ngﬁrﬁid i @éﬁgg—g fgl%ﬁrp.'gNé 4szeﬁe e;ﬂaque; purified
anq NegtEceer divps My wir Propagaied A thd BF9 sell linej aliguoted, and
stofe@0atpAP°Co Idsesat Reistikfatted Witk H5TIE bhbAsiresdd SR Hescribed above to

[ ow for a |l o The cru
ool MR FWEARE, S0 ek oxPieaf baelh Stfore B 8By ana vs
HAGMLE(FEQ AR N@HE apliden asubieterted Hypmiveional serure & hmonocional
antbodits! heaniRdiSclTRbMESINEshibd Wt e driesidrt BiRAr at 1 on of
phar maceuti cal conpositions (vacci nesgl conprising HA
H5 antigens The crude whole cell H5 HA protein and H5
HA Mut k+ protein expressed in insect cells by
bacul ovi rus- based expression system were harvested.
Bacul oviruses were inactivated in 15 the presence of
5 mM cyclized binary ethylenimne (BEI) (final
concentration) between about 32 and 39C for 72 to 96
hours. After inactivation®s conpleted a 0.3 M sodi um
thiosul fate solution was added to a final
concentration of 5rnMto neutralize any residual BEIl.
After neutralization various adjuvants were added and
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, hame , 502 Antig en H Crude whol e-cell H5 HA
protein expressed in insect cells by a .
bacul ovi rus-based expression system , FOrnulation

WO 2w7/esspier i ment al vacci ne conprised of cul t urRdI/UFREE1989

cell s and supemat ant expressing reconbi nant H5 HA
The vacci ne was adjuvanted with Enmu[sic:Jen-D.

Generic product 503 name Antigen Crude whole-cell H5
HA protein expressed in insect cells by a 7
bacul ovi rus-based expression system Fornulation An

Aﬁemragg%aé& wm% | B A0R dnRGks U r&c%lkplt))w Okga'cg@ﬁr&ges (H5 HA

supena pressing reco

E5\ie Multer v('ﬁ%oeﬁkﬂe&’\baﬁﬁ}t"é@r ffiskh cEEAing SR+ celiseffspteip Sciences,
!rpr oabridén, 'CT aveee B4 iMbite&ID7 «C!Ztcdfbr\fﬂ'tﬂy@aﬁ@lnﬁth ERrind 00rpm

t X n.nsect, cell
d@‘g g tﬁ cgsllmr%ursjf Zfzag {ésxedrveegtgacc d c%tgfst? gﬁé/w r gllrrﬂmnla{hepﬂuqe whole
Cﬂmt@wseqonmngabaou@wmsn@'e@@drﬁﬁ sel$ afd tbelcelic@ivre supemtnts of

efidhlcuRure Mafb HHARAMAL ant expressing reconbi nant H5S HA.
The vacci ne was adjuvanted with Enmul sigen-P. Generic

product nanme'''' - 505 Anti en Crude whol e-cell H5 HA
protein expressed in insect cells by a
bacul ovi rus-based expregsiapp g%st em Fornulation .

eri mental vaccine conprised of cultured insect

c ﬁpépaaﬂfao TRIBETFrEHtGat comppsiians (yageines) SRPTsNGtHAHES pptigens

The vacci ne was adjuvanted with Carbigen. Ceneric
Tlférc%’d’éc\khorl@‘ggﬁ H5 HA protein and H5 HA Mutk+ protein expressed in insect cells by
baculovirus-based expression system were harvested. Baculoviruses were inactivated in
the presence of 5 mM cyclized binary ethylenimine (BEI) (final concentration) between
about 32 and 39°C for 72 to 96 hours. After inactivation is completed a‘ 0.3 M sodium
thiosulfate solution was added to a final concentration of 5mM to neutralize any residual
BEI After neuiralization various adjuvants were added and the following vaccine/
pharmaceutical compositions were generated.

'VACCINES

name s

Genenc product 501

5+, 1 Grude whole-cell H5 HA protein expressed in insect cells by
i+ (a baculovirus-based expression system.

* L | An experimental vaccine comprised of cultured insect cells
S 5wl and supernatant expressing recombinant H5 HA. The
Fh T W | vaccine was adjuvanted with Emulsigen.

Genencﬂproduct,f | 502

name ° =

Anﬁ en Crude whole-cell H5 HA protein expressed in insect cells by
) | a baculovirus-based expression system.

Fbrﬁ'lul_atlon . | An experimental vaccine comprised of culiured insect cells

WA © - | and supernatant expressing recombinant H5 HA. The
St - s |vaccine was adjuvanted with Emulsigen-D. '

27



506 Antigen , Crude whole-cell H5 HA protein

expressed in insect cells by a bacul ovirus-based

expression system , Formulation_, An experinental
wo mawessmgs conprised of cultured insect cells BEIIUS2006/041989
supernatant expressing reconbi nant H5 HA. The vaccine
was adjuvanted with Emul sigen-75. Generic product
nane.:., 507 Antigen . Crude whole-cell H5 HA protein
expressed in insect cells by a bacul ovirus-based
expression system Fo_ rnulation' An experinental
GMagﬁiﬂgd@gnprlsed of cultured insect cells and

‘nampernat ant . ¢Xpt essi ng reconbi nant H5 HA. The vacci rle
Wars aditingant dAd it h L.SA_70 Ceneri.c pr aoduct nape'

Anméé‘ mﬂ;i'é‘ggacu;"ﬁﬁ I {'iﬁpr ?laﬁéqr?ﬁséﬁﬂ??fﬁ@"ﬁ;w

| llbebl CTI T 3

Ad e erzme vac i ingect cells

Faymplation . An ¢ %%%1‘;) %E?j Bt

‘cul tured i ns‘ﬁégﬁﬁ§aﬂﬂénf§a@§ i%é?lanél Bssi Ig |

reconbi nant I- 15 HA ]

Erru] S1 09 Crude whot e- cert~H5HA Tt K+proteth

g‘i‘fft {s0asect cells by a bacul ovirus-based

f exoreSS|on system An experinental vaccine conprised
A,Qfgegul t ur ed .| Grede wholelcblsHRIHA paiighe eppdsaad inGadREIRBEd B0
. pnnndm nant HebagNloviusehaget@ipressinmsystetp.uvant ed with
F&ﬁmias&bgen D. |An experimepiale/ptaineRodteed of auieired. ins@ot detie N

Generr cpt odu’%’f’ SHAPFRatant AKprResing revmbinaat HHHA. The

vaccine was adjuvanted with Emuisigen-P.

Genenc product

name o Bl 508
N  Crude whole-celt H5 HA protein expressed in insect cells by
Ant:gen Lo
~ :__|a baculovirus-based expression system.
- An experimental vaccine comprised of cultured insect cells
Formulatx on % ", |and supematant expressing recombinant H5 HA. The
: jvaccine was adjuvanted with Carbigen.
Genenc produc:.t
name : 506
; Antl an i . .| Crude whole-cell H5 HA protein expressed in insect cells by
G g % . __4a baculovirus-based expression system.
* 4 3 An experimental vaccine comprised of culiured msect cells
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| and supernatant expressing recombinant H5 HA., The

1. INTRODUCTION

EXAMPLE 3
Vaccination of swine (pigs) against avian influenza

It also contains am no acid 94N. HEBUS2006/041989

The purpose of this study was to determine the ability of experimental vaccines containing

a crude extract of recombinant H5 hemagglutinin (HA) antigen to induce hemagglutination

inhibition (H1) titers in swine. Various adjuvants were evaluated with the H5 HA antigens.

The HA H5 prototypes evaluated in this study contained antigen from either conventional
H5 HA or H5 HA MutK+. Conventional H5 HA was derived from Alduck/China/E319-2/03,
whereas H5 HA MutK+ consists of conventional H5 HA which was engineered to contain
three specific amino acid changes at S120N, D150N, S223N and 328mutk+. It also
contains amino acid 94N. The particular amino acid changes in H5 HA Mut K+ result in a
H5 HA that more closely resembies the HA of A/HK/213/03. The amino acid composition
of the H5 HA of A/HK/213/03 is currently thought to aid in antibody recognition of the H5

HA.

2. STUDY DESIGN:
Table 1. Study Overview.

Group | Number Vaccine Day 0 Day 21 Day 35
of Pigs Prototype

1 5 501

2 5 502

3 5 503

4 5 504

5 5 505 Bleed and Bieed and

6 5 506 Vaccinate Vaccinate

7 5 507 Intramuscularly | Intramuscularly | Bleed and
F) 5 508 (brachiocephalic | (brachiocephalic | Terminate
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4 5 504 5 5 505 6 5 506 7 5 507

WO 2007/ 053446 PCT/ US2006/ 041989 85 508
WO 2007 .
1053446 PCT/US2006/041989
9 5 809 group) by group) by Study
10 5 510 administration of | administration of
11 5 511 1 miinthe LEFT 1 malin the
12 5 512 side of the RIGHT side of
13 5 513 neck.) the neck.)
14 5 514
15 5 None Bleed Bleed

The piglets were 3 weeks 5 days of age at the beginning of the study. The piglets were
clinically healthy at the beginning of the study. Blood samples were obtained on Study
Days 0, 21, and 35. .

All study animals were ohserved daily on Study Days 1 through 35 in regard fo the
general health status. For seven days following each vaccination, injection sites were
investigated daily and visible reactions were recorded. At the conclusion of the animal
phase of the study on Study Day 35, all animals were humanely euthanized.

3. VACGCINES .
Vaccines 501 to 514 as described in EXAMPLE 2 were used for the pig vaccination study.

4. HEMAGGLUTININ INHIBITION ASSAY

Swine were vaccinated with the HS HA-containing prototypes on Days O and 21. Swine
sera were collected for evaluation by hemaggiutination inhibition (Hl) assay on Days 0, 21,
35. The HI assay was performed {o detect the presence of HA-specific antibodies. A
heterologous H5N1 virus, Alchicken/Mexico/232/94, was used at a concentration of four
hemagglutinating units [4 HA units] in the Hl assay. In U-bottomed microtiter plates serial
two-fold serum dilutions in PBS were subsequently mixed with equal volumes (25 ph
containing 4 HA units of virus, and incubated at 37°C for one hour. Chicken red blood
cells, at a concentration of 0.5% in PBS, were added to the serum-virus containing wells
and incubated for 40 min at room temperature. The HI titers were determined as
reciprocals of the highest serum dilutions in which i'nhibiti.on of hemagglutination was

observed.
5. RESULTS

HI test used the Mexican government official H5N1 antigen (Nchicken!Mexicol232194) 4
HA Units] Vaccination regimen of 1 x 1 mL on Days 0 and 21.
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reci procals of the highest serumdilutions in which

Tfpérgl q{fgemﬁn of %QPHG&% inB bz compostbno Bk mnddmuneresponse

mHBvaa:nmtg'é rplg(sAllgfﬂea:Ejt!@tég? I\)EM9 c%?‘gg %%é‘§§ E&?IB s‘?lfJnls Gh@ltt in a
%‘ggﬁy 023 4 46 Qihidreg kAR Medt of the vacorateshpigagevelpprash ape}_s:itc anW|es

agﬁlyst fhe avian [nﬂug:?zy vtljﬁg nggd 94ﬂegﬁpassay. Atbgelivdrehe re@clélarly an-d
undoubtedly prove that the claimed inventive idea works very well, The} risk of pendamic
infection of pigs (animal of a second species), with avian influenza virus {pathogen of a
first species) can dramatically be reduced by the vaccination of pigs with a relevant
antigen of avian influenza virus. This has been clearly demonstrated. Moreover, by this
vaccination concept, the transmission and adaption of avian influenza virus to mammals,
including human beings is dramatically reduced. Pigs are one of the most important
reservoirs for avian pathogens, including avian influenza virus. if the virus replication in
pigs and therefore the risk of adaption of avian influenza o pigs is dramatically reduced
and controlied, the risk for any adaption of avian influenza virus to human beings is also
dramaitaclly reduced. In case, where the administration of antigen results in lower HI titer,
which means titer lower than 30, further boosts with antigen will be required to further
improve the Hi titer and to enhance the immune protection in the vaccinated pigs.
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Day 35 501 H5 - Enmulsigen 0 O 502 H5 - Emulsigen-D

00 503 I1-15 - Polygen 0 O 0 504 H5 - Emul sigen-P

002505 H5 - Carbigen 0 0 4 506 H5 - Enul sigen-75
WO Do0035646507 H5 I SA 70 0 O 16 PCT/US2006/041989

Therefore, low titer does not mean that no protection can be acchieeve, it only teach that
further boosts seems o0 be required to improve the immune response. The fact, that an
immune response could be measured in vaccinated pigs demonsirates the the inventive
idea underlying the present invention works vei'y well. In other words, the experiments

5 provided herewith clearly and undoubtediy givé evidence that the inventive idea of the
bresent invention works.
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CLAIMS 70 0 4 32

1.

=2

The use of an avian influenza antigen for the preparation of a medicament for the prevention
of the transmission of an avian influenza virus to human, characterized in that antigen of the

avian influenza virus is used for the immunization of swine, wherein the administration of

~ the avian influenza antigen results in the reduction or the absence of the reproduction of the

avian influenza virus in swine, and reduce/prevents further transmission of the avian

nfiuenza virus to a human.

The use according to claim 1, characterized in that the antigen is avian influenza virus or an

antigenic part thereof.

The use according to claim 2, characterized in that the avian influenza virus is of subtype
HS.

The use according to claim 3, characterized in that the antigen is a recombinant antigen.

The use according to claim 4, characterized in that the recombinant antigen is produced by a

recombinant baculovirus.

The use according io claim 5, characterized in thar the recombinant baculovirus expresses

HS5 antigen of the avian influenza virus.

The use according to any one of claims 3 to 6, characterized in that the HS antigen of

influenza virus is selected from the group consisting of:

1. any H5 antigen having the amino acid 223N and the modification 328K+,

il. any H5 antigen having the amino acid 94N/223N and the modification 328K+;

il any H5 antigen of avian origin having the amino acid 223N, and the modification
328K+, wherein avian origin means that the HS sequence derived from a virus
isolate that was originally isolated from a pouitry infected with avian influenza virus
type 5; or

v. any H5 antigen of avian origin having the amino acids 94N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived from
a virus isolate that was originally isolated from a pouitry infected with avian
mnfluenza virus type 5; or

v. any HS5 antigen of avian origin having the amino acids 155N/223N and the
modification 328K+, wherein avian origin means that the H5 sequence derived from
a virus isolate that was originally isolated from a poultry mfected with avian

mfluenza virus type 5: or
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€. aa 226-228-MDF aa 270-272:EVE =. 0 aa 309-311: NKL;
or vi.any peptide of i), ii), iii) or iv) having the
am no acid 223N and one or nore of the foll ow ng

WO 2M7/p446ci d cl usters sel ected from the groupPCT/US2006/041989

<110>

<120>

<130>

<150>
<l51>

<160>
<170>
<210>
<211>
<212>
<213
<400>
Asp Gln
.1

Asp Thr

Leu Glu

Pro Leu
50C

Pro Met
65

Glu Liyvs

Asp Tvr

Lys Ile

Ser Gly

130

Arg A=n
145

consisting of: a. aa 93-95:G\F b. aa 128-130: SSG c.
aa 138- 140: GSSEUHiy 28953446 PCT/ US20061041984
soRrENCE ; pehri nger | ngel hei m Vet medi ca
B S B, R e o |
UFREATNENTYEP REYENE| ONAGENT RANGMrEG GNSREFSHPATHECENS
PEPGENSCase 1- 1959 <150> 60/ 730998 <151> 2005- 10- 28
Cgs’laGQ_?wg <170> Patentln version 3.3 <210> 1 <211> 551
<212> I??T <213> avian influenza virus <400> 1 Asp Gn
cbtmo®es Ile Gy Tyr Hs Ala Asia Asn Ser Thr u Gn
2%H-19-38015 Asp Thr Ile Met G n Lys Asn Val Thr Val
sThr H's Ala Gn Asp Ile 202530 Leu Qu Lys Thr Hs
Asia Gy Lys Leu Cys Asp Leu Asp Ay Val Lys 354045
pifatheuyeddion lzen Arg Asp Cys Ser Val Ala Ay Trp Leu
Leu Ay Asia 505560 Pro Met Cys Asp G n Phe Ile Asia
;Val Pro Gn Trp Ser Tyr Ile Val 65707580 G n Lys Al a
Pz‘i‘sia Pro Ala Asia Asp Len Cys Tyr Pro Ay Asia Phe
atSha 359095 Asp, Tyr G n GQu Leu Lys H's Leu Len Ser
Arg Ile Asia H's Phe G n 100105110 Lys Ile Gn lle
11le Pro Lys Ser Ser T Ser Asp Hs Au Al a Ser

Ile Cys Ile @ly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
5 10 ' 15

Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 ’ - 45

Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
55 60

Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile val
70 75 80

Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly 2sn Phe Asn
85 90 95

Glu Glu Leu Lvs His Leu Leu Ser Arg Tle Asn Hig Phe Glu
100 105 110

@ln Tle Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

Val Ser Ser Ala Cys Pro Tyr Gln &ly Ser Ser Ser Phe Fhe
135 140

Val val Trp Leu Ile Lys Liys Asn Asp Ala Tyr Pro Thr Ile
- 150 155 160



115120125 Ser Ay Val Ser Ser Ala Cys Pro Tyr Gn Gy
Ser Ser Ser Phe Phe 130135140 Arg Asia Val Val Trp
Len Ile Lys Lys Asia Asp Ala Tyr Pro Thr Ile

WO WABABOH55160 WO 2007/ 053446PCT/ US2006/ 041 R /PS7Q064441989
Ser Tyr Asn Asn Thr Asn Gn GQu Asp Leu Lea Val Lea
Trp 165170175 Ay Ile H's Hs Pro Asn Asp Ala Ala Qu

Lys A;:g @J:n f‘rAgné%g % GZI.(r-i| (E!Lu ﬁ&lﬁgilggl ‘eg’f] LPr %I‘ Thr Thr Tyr

et gal r Sef7ol Leu Asn Gihs Arg 195200205
Lea Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn Gy
Gn Ser Ay 210215220 Arg Met Phe Phe Trp Thr Ile

Gly Ile Elegall;@r??f‘ﬁnﬁﬁ RSt A %iLuI &3 %@h%? 6935220 Phe Q u
Set Asn Ay Asn Phe'Tle Ala Pro G yr Ala Tyr Lys
|l e 245250255 Val Lys Lys Gy Asp Ser Ala |le Mt Lys

Asn Pro gt TIF @vy/ale Gen VBYrelQ@ $hr2&328527& Asn cBysrdAsn Thr Lys
&s Gn Thr Pro38t Ay Ala |le?¥sn Ser Set 275280285
Met Pro Phe His Asn Ile H's Pro Lea Thr Ile Ay Qu

Teu val EMSIHY €14 ¥Sa 2802933400 Iyl vaYahsd ¥5 OB sAsifysS Lea Val

210 Leu Ala Thr @Gty Lea Arg Asn 8st 305310315320 Pro G n
Arg GQu Arg Arg Arg Lys Arg Gy Lea Phe Ay Ala lle

a_32 a rR. Gn Ay Mt
2"5’2 meE @%’IP géeGl %h 3%5%% y"’}r/I % |s Ser Asn
GIanGIySetGIyTyr AIaAIaAsp Lys Glu355360365
Set Thr An Lys Ala Ile Asp Ay Val Thr Asn Lys Val
Phe Glu Jeanasgefly pgn 3’}7/&931753?89 IPeSTASHILYS Met IYsAlThr G n
" Pile FtrAla Val Ay A°§ u Phe Asn 2%°

Val Lys Lys Gly Asp Ser 2la Ile Met Lys Ser Glu Val Glu Tyr Gly
260 265 270

Agn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile ¢ly Glu Cys Pro Lys
290 295 300

Tyr Val Lys Ser Asn Lys Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
305 310 315 320

Pro Gln Arg Glu Aryg Avrg Arg Lys Arg Gly Leu Phe Gly Ala Ile Ala
325 330 335

Gly Phe Ile Glu Gly Gly Trp Gin Gly Met Val Asp Gly Trp Tyvr Gly
340 345 350

Tyr His His Ser aAsn Glu Gla Gly Ser Gly Tyr Ala Ala aAsp Lys Glu
355 3860 365

Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn Lyg Val Asn Ser Ile
370 375 380

Ile Asp Lys Met Asn Thr Gln Fhe Glu Ala Val Gly Arg Glu Phe Asn
385 380 , 395 400



385390395400 Asn Lea Gn Arg Arg Ile Qu Asn Leu Asn
Lys Lys Met A u Asp Gy 405410415 Phe Lea Asp Val Trp
Thr Tyr Asn Ala Gu Leu Lea Val Len Met G n 420425430
WO PWHeBH4 Arg Thr Leu Asp Phe His Asp Ser AsnPGHEISA0(a041989
Asn Len Tyr 435440445 Asp Lys Val Arg Leu Gn Len Arg
Asp Asn Al a s G n Leu Asn 450455460 Gy Cys Phe -
Asn Leu @‘U Aﬁhﬁrgl')?lle 15 Z’L‘Vs“(‘iy?ﬁ%%f REN S UOPSE MBY QG u Ser
4654704%5480 Val Arg ASH Gy Thr Tyr ASp Tyr Pro G n
Tyr Ser Gn Gn Ala Arg 485490495 Leu Lys Arg Gn Qu
Phe Leu ke vEemztyr Viak AspsalzeqluGien Ser vl e=Gvyt Bar 500505510
Tyr48®n Ile Leu Ser4d3 e Tyr Ser The3%al Ala Ser Ser
- Lea Ala Len 515520525 Ala Ile Met Val Ala Ay Leu Ser
Asn clu hEH 7l BelBlp GHS S8M aASBerChh 98I 1p3@53%ed@ylea A n Cys
g lle Cys |l e 445550 <210> 2 «&xll1> 567 <212> PRT
<213> duck influenza vi rus <400> 2 Met G n Lys Thr

Ao I V%ﬁ Le% Le LLen Ala lle Ser# %!L Lys Ser

P Y 151015 %6 G .11 ﬁ?sA‘ﬂ &gy B sTA'E" Asn Asa
Ser Thr G n G n Val 202530 Asp Thr Ile Met G n Lys
Asn Val Thr Val Thr His Ala Gn Asp |Ile 354045 Len

¢ly Cys EhgCly Shairr Pilg IASNCYE $oH e FonCCy¥eASH- 1588 Asp Gy

465 val Lys WY 2007/ 053446PCT1US20061041989 “8B5560

Val Arg Asn €ly Thr Tvr Asp Tyvy Pro Gln Tyr Ser Glu Glu Ala Arg
485 4990 495

Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu @lu Ser Ile Gly Thr
500 505 510

Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala Leu
515 520 525

Ala Ile Met Val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly Ser
530 535 540

Leu Gln Cys Arg Ile Cys Ile
545 550

<210> 2

<211> 5867

<212> PRT

<213> duck influenza virus

<400> 2
Met @lu Lys Thr Val Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser
1 5 10 15

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Glao Vval
20 25 30

Asp Thr Ile Met @&lu Lys Asnm Val Thr Val Thr His Ala Gln Asp Ile
35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys



Pro Lieu Ile Lieu Arg Asp Cys Ser Val Ala Ay Trp
Lieu Lieu Ay Asn 65707580 Pro Met Cys Asp 3 u Phe
Ile Asn Val Pro Gn Trp Ser Tyr Ile Val 859095 Gu
WO I0F05#4¢ Asn Pro Ala Asn Asp Lieu Cys Tyr PrRCYS20P6441989
Phe Asn 100105110 Asp Tyr G n G u Lieu Lys H's Leu
s¢ Lieu Ser Argslle Asn H's Pheo Gn 115120125 Lys lle
Gnllelle Pro Lys Ser Ser Trp Ser Asp Hs Gn Al a
Ser 130135140 Ser fly Val. Ser Ser_ Al s Pro Tyr dn
pro Leu Ty yeushfe &8p O SSPNE- PHE j?Sf?O?%%E%”Og%%QE%n Val Val
63 Trp Lieu I'le Lys Lys Asn Asp Ala Tyr Pro Thr Ile
165170175 Lys Arg Ser Tyr Asn Asn Thr Asn G n Gu Asp
pro Met Cyd @sb klewh¥alle @LseuVa'IiE?WlS@lSE{lg@f TyIlsdaHs Hs Pro
Asn A8p Ala Ala Gn Gh Thy Arg Lieu®yr Gn
195200205 Asn Pro Thr Thr Tyr Ile Ser Val Gy Thr Ser
@lu Tys addhskip@d M G DAl &A02462820chens/ahe Beo Lys |l e
Al acdhy Arg Ser LyssvVal Asn fly GERO Ser Ay
225230235240 Arg Met Asp Phe Phe Trp Thr Ile Lieu Lys
Pro_Asn Asp A I : Ser ‘Asn fly
Asp Tyr CRE SUPiE" ﬁyg *ﬁlf}ljﬁr%ﬁ% %95%5 é?gﬁr@%ﬁgdﬁ?e 260265270
Val Lys Lys Gy Asp Ser Ala Ille Met Lys Ser G n Val
_ Gn Tyr Ay 275280285 Asn S Asn Thr _Lys Cys G n Thr
Lys Ile GPp Gla/fe @<y WAEaST &*ASTP Bt 2 980298305 Met Pro
130 phe His Asn ¥Pe His Pro lied Thy Ile Gy G u eye Pro
Lys 305310315320 Tyr Val Lys Set Asn Lys lieu Val Leu
ser cly VAl &efhger Gy dviseBroArgr Atm cBetseB82583883B<Ph§ G n Arg
145 Gu Asp As§ Arg Lys Arg &% lieu Phe Ady%8la Ile Al a

‘Arg Asn Val Val Trp Leu Tle Lys Lys Asn ASD ala Tyr Pro Thr Ile
165 170 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Vval Leu Trp
180 185 190

Gly Ile #Zis His Pro Asn Asp Ala Ala Giu Gln Thr Arg Leu Tyr Gln
195 200 205

asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
210 215 220

Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Vel aAsn Gly Glun Ser Gly
225 230 235 240

Arg Met Asp Phe Fhe Trp Thr Tle Leu Lys Pro Asn Asp Ala Ile &sn
' 245 250 255

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr aAla Tyr Lys Ile
260 265 270

val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu val Glu Tyr Gly
275 : 280 285

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
290 295 300



340345350 Ay Phe Ile Qu dy Ay Trp Gn Gy Mt Val
Asp Ay Trp Tyr dy 355360365 Tyr His Hs Ser Asn Qu
Gn dy Set Ay Tyr Ala Ala Asp Lys A u 370375380 Set
WO Xior/053i46 Lys Ala Ile Asp Ay Val Thr Asn LysPOEPSIR8041989
Set |le 385390395400 Ile Asp Lys Met Asn Thy G n Phe
GQu Ala Val Ay Arg Au Phe Asn 405410415 Asn |lieu
GQu Arg Arg Ile Gu As ] éI}LLé/ lysLl\/thnAsp
er xo Rpyuigy sﬁg:,ﬁlﬁaﬁéo e RSV SPEPFeTHES Asn Al 5
Gu lieu leu Val lieu Mt G n 435440445 Asn G u Arg
Thr lieu Asp Phe H's Asp Set Asn Val Lys Asn lieu Tyr
Tyr val US055860 15 poib el Vgl PAR JFREeHYGat MIedFuAFgF Asp Asn
Ala Ly3?2"d u lieu Ay AR 465470475480°8 y dye Phe G u
‘ Phe Tyr His Lys Cys Asp Asn Gu Cys Met G u Set
pro Gin AZ540495 s Ml Aigs ASH i Yuelhwne Ty AsprikyriPro G n Tyr
Setzd@d u A u Al a Arg4500505510 |ieu3itys Arg Gu Qu
Ile Set Ay Vval Lys'lieu Qu Ser Ile @Ay Thy
155200925 T Thr Val
Gly Fne %saé]é ?f & Q’Erp GQ dﬁ Dlegﬁ‘}é%S 5 T@%{ﬁgiﬁ’e Met Val
Ala Ay Leu Ser Leu Trp Met Q/s Ser Asn Ay Ser
545550555560 Leu G n S Ar Ile Cys Ile 565 <210> 3
Tyr His HFier BEBCLy $35 PAFeRLES PFf PR HEA W rus <400>
379 3 Met G n Ly§ Tle Val Leu Leu Phe Ala Ile Val Ser Len
Val Lys Ser 151015 Asp Gn lle Cys Ile Ay Tyr H's

Ser Thr AnarASHRIASD: 86 cIfrval ThrGan Mad Val Asn Ser Ile
385 390 395 4A00

Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe Asn
o 405 410 415

Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp Gly
420 425 430

Phe Lew Asp Val Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu
435 440 445

Aspn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu TyT
450 ' 455 460

Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn
465 470 475 480

Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asgn Glu Cys Met Glu Ser
485 £30 £95

val Arg Asn Gly Thr Tvr Asp Tyr Pre Gln Tyr Ser Glu Glu Ala Arg
500 : 505 510

Leu Lys Arg Glu Glu Ile Ser @€ly Val Lys Leu Glu Ser Ile Gly Tht
515 520 525

Tyr Gln Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala Leu
530 B35 540 -



202530 Asp Thr Ile Met G n Lys Asn Val Thr Val Thr
Hs Ala Gn Asp Ile 354045 Leu G n Lys Thr H's Asn
Ay Lys Len Cys Asp Leu Asp Gy Val Lys 505560 Pro
WO 8HOBI4S Len Arg Asp Cys Ser Val Ala Ay TrptEEUS20e4p41989
Gy Asn 65707580 Pro Met Cys Asp GQu Phe Ile Asn Val
Pro Au Trp Ser Tyr Ile Val 859095 G n Lys Ala Asn
ala Tle ¥eeoledl BEASH ASD SEérFeQF‘é'P ?gfr“- PE oS 3P A Asn
545 100105110°#sp Tyr Gn G rCeu Lys His Led Len Set Arg
Ile Asn H's Phe G n 115120125 Lys Ile Gn lle lle Pro
Leu Gln d¢SamdStieSeds Trep Set Set His G n Ala Set 130135140 Len
Ay VakesSet Set Ala Cys Pro Tyr Gn Ay Lys Set Set
Phe Phe 145150155160 Arg Asn Val Val Trp Leu Ile Lys
<210 3LYS Asn Asn Ala Tyr pro Thr Ile 165170175 Lys Arg Set
<211> 55,15;yr Asn Asn Thr Asn G n G n Asp Leu Len Val Len Trp
<21z> PAMD 2007/ 053446PCT/ US2006/ 041989 180185190 Ay Ile H's
<213>  dygksiniiernagiviAsh Ala Ala Gn Gn Thr Arg Len Tyr dn
3195200205 Asn Pro Thr Thr Tyr Ile Ser Val Ay Thr Ser
Thr Len Asn G n Arg 210215220 Len Val Pro Lys Ile Ala
Met Glu IMRM TIA gh1Sesu Lys Pvalaivrie gl Gear Benvdl yw228230235240
1 Arg Me8 A u Phe Phe Trj¥ Thr Ile Lou L¥S Pro ASS. Asp
Ala Ile Asn 245250255 Phe G n Ser Asn Ay Asn Pile
iﬂeecﬁl ﬁﬂ;g, QP ¥l An ity btsmld €,260265070 Val Lys
Lys.dd Sex Al aslle Met Lys Sego G n Leu Gu Tyr
Gy 275280285 Asn Cys Asn Thr Lys Cys G n Thr Pro Met

Gy Ala Ile Asn Ser Ser
Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala &ln asp Ile

35 40 45

<400>

Asp G1

=

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Iys
50 55 60 :

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Proc Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
85 90 95

Clu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly Asp Phe Asn
100 105 110

_Asp ‘I‘yr- Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
115 120 125

Lvs Ile Gln Iie Ile Pro Lys Asn Ser Trp Ser Ser Hig Glu Ala Ser
130 135 140

Leu Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
145 150 155 160

Arg Asn Val Val Trp Léu Ile Lys Lys Asn Asn Ala Tyr Pro Thr Ile
: 165 170 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp



290295300 Met Pro Pile H's Mh Ile Hs Pro Leu Thr Ile
Gy Gn Cys Pro Lys 305310315320 Tyr Val Lys Ser Wn
Arg Len Val Len Ala Thr Ay Leu Arg ASS. Ser

WO BR5630835 Pro Gn My Au Arg Arg Arg Lys LyRCTAERR0¢4/441982
Len Pile Ay Ala Ile 340345350 Ala Ay Pilelle Gu
Aysddy Trp An G ysivket Val Asp A¥O0Trp Tyr 355360365
GIy Tyr His His Ser Asn Gn Gn Ay Ser Ay Tyr Ala

ély ie }%ym%/ ‘?q“’T%S ﬁ%/ S‘%mg rzogsssgrd’%sféloal |I leel ﬁ:p

p Lys Met Asn Thr Gn Pile Gn AIaVaI Ay Mg Gn

Pil e 405410415 Asn Asn Leu GIuAr Ile G n M Len
Asn Pro mSI’FhEy%?IL% Rt Vé ﬁ;l Br @20 ﬁé n Arg
218 2007/ 053446PET/ US2006/ 04198 y Phe lieu Asp Val Tip

Phi Tyr Asn Ala Qu lieu lieu Val lieu Met 435440445
Leu Val ¥gbUyASila Gauthr grfiver gy vAS rsRPhEyHile ¥epéBSer Asia Val
225 Lys Asi a ?3%u 450455460 PP Asp Lys Val A% lieu Gn
lieu Arg Asp Asn Ala Lys Qu lieu Ay 465470475480
5! BheGrk @QT@%QL@ Rhe shyrashli splyss £esadsp Asia Gu
Arg Met Ws Nejasd U 485400495 et Val Arg Asizssdy Phi Tyr
Asp Tyr Pro G n Tyr Ser Qu du Al a 500505510 Arg
lieu Lys Arg u Ile erGI s {ieu @n Ser
Phe Glu foreh %11’5&%’5%%5%'3@% Vr élrlﬁ'rl %/m fyoe{ilySe% lle Tyr
Ser’®thr Vval Ala Ser Set I|eu Al a 530535540 Leu Al a

Ile Met Val Ala Ay lieu Ser Leu ﬂ&gmt Q/sSer Asn

Val Lys GSWEWS%MGlgéﬁtIWYéLISQG (H‘ I Eys lle
275

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
280 285 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 : 310 315 320

Tyr Val Lys Ser Asn Arg beu val Leu Ala Thr Giy Leu Arg Asn Ser
325 330 ) 335

Pro Gln Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
340 345 350

Ala Gly Phe Ile Glu @ly Gly Trp Gln Gly Met val Asp Gly Trp Tyr
355 360 365

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
370 375 330

Glu Ser Thr Gln Lys Ala Ile asp Gly Val Thr Asn Lys Val Asn Ser
385 390 395 400

Tle Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe
405 410 415

Asn Asn Leu Glu Arg Arg Ile Glu Asn Deu Asn Lys Lys Met Glu_ Asp
420 425 430



565 <210> 4 <211> 568 <212> PRT <213> avi nan
i nfluenza virus <400> 4 Met Qu Lys Thr Val lieu lieu
lieu Ala Ile Val Set lieu Val Lys Ser 151015 Asp G n
WOLHNEIRHS |le Ay Tyr Hs Ala Asia Asia Set TRFT/EPA0qios9
Val 202530 Asp Phi Ile Met Gu Lys Asia Val Tin Val
Phi Hs Ala Gn Asp Ile 354045 lieu Au Lys Thr His
Asia Ay Lys lieu Cys Asp lieu Asp Ay Val Lys 505560
Gly Fhe LANRAROUFY OB3FU6 %T/%SZ@G&JMH%‘SE‘;P?E& Eeh™Ye Len Ar g
‘%sp COys Ser Val**Ala Gy Trp Lel Len Gy Asn 657075BO
Pro Met Cys Asp G n Phe Ile Asn Val Pro G n Trp Ser
¢lu nen cilyBrd bBr Vel x8530851iE mplys AravAshvPren AP Asn Asp
250 Len Cys Tyr #P6o0 Ay ABM Phe*®sn 100105110 Asp Tyr G n
Gn Len Lys His Len Len Ser Arg Ile Asn H's Phe G n
11 118 Soadd &d b BrOclysesaySer Trp Ser
rr hsp Lﬁ%gﬁ?%;%?ﬁ%aﬂ%er g2363|13Jz3314o & y VasoSer Ser Ala
Cys Pro Tyr Gn Ay Ser Ser Ser Phe Phe 145150155160
Arg Asn Val Val Trp Len |lle L Lys_ AS n Ala Tyr
Asn Gly Cpy g’herlj%‘; IFbg %5}11‘?0‘? fg%sw‘sg‘y & X‘Fy%ﬂsdriﬁAsn ThryAsn
"G n Gn Asp Len Len Val Len Trp 180185190 Ay lle His
H's Pro Asn Asp Ala Ala G n Gn Thy Arg Len Tyr Gn
Jer Val M@MM@W%_W%P%WWW Fre SBe GG y Thy Ser
Thi%%eu Asn G n Ar 210215220 Len VAl Pro Lys Ile Al a
Thr Arg Ser Lys Val Asn Ay Gn Asn Ay 225230235240

arg Leu 1N GrdREuASR RResPheryTirm Thy vkt eld @ar iys o Asn Asp
s&a Ile Asn 520 . 525

Thr Tvr Gln Ile Leu Ser Ile Tyr Ser Thr val Ala Ser Ser Leu Ala
530 ) 535 540

Teu Ala Ile Met Val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
545 550 555 560

Ser Leu Gln Cys Arg Ile Cys Ile
565

<210> 4

<211> 568

<212> PRT

<213> avinan influenza wvirus

<400> 4
Mét ¢lu Lys Thr val Leu Leu Leu Ala Ile Val Ser Leu val Lys Ser
1 5 10 15

Asp Gln Tle Cys ile Gly Tyr His Ala Acn Asn Ser Thr Glu Gln val
20 25 . 30

Asp Thr Ile Met Glu Lys Asn Val Thr val Thr His Ala Gln Asp Ile
35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly val Lvs
50 55 60



245250255 Phe G n Ser Asn Gy Asn Phe Ile Ala Pro G n
Tyr Ala Tyr Lys Ile 260265270 Val Lys Lys Ay Asp Ser
Ala Ile Met Lys Ser Gn Val Gn Tyr Ay 275280285 Asn
WO 00%058446 Thr Lys Cys G n Thy Pro Met Ay Al aP¢T/ESIREGH041989
Ser Ser 290295300 Met Pro Phe His Asn Ile His Pro Len
pro Leu I1ENfed hey Ghy c@ Befywsl Ple dlysTrp\fBu Leu Gly Asn
65 2007/ 053246PCT/ US2006/ 04’P989 30531031533% Tyr Vval Lys
Set Asn Lys Len Val Leu Ala Thr Ay Leu Arg Asn Set
G ARG AOTA Bid ys1 Lys Arg Ay
Pro Met CYS Spp.gf'ﬁ&? e %ﬂl‘ﬁég 0345380 A Zﬁresy Pile Ile Qu
GIy Ay Trp G n Ay Net Val Asp Ay Trp Tyr 355360365
Gy Tyr Hs H s Set 9 [_T]l t Gy Tyr Ala.
Glu Lys Alg %5 e By3 AS?G‘?‘?%%O@@ 0 set’ Y%%b Eys Ala lle
y Val Tilt Asn Lys Val Asn Set 385390395400 Il e
IIe Asp Lys Met Asn Thr Gn Pile Gn Ala Val Gy Arg
asp Tyr ¢ pliPleu 405410488 BynSAsHI & ShEA FPASG I 1e G n Asn
13%u Asn Lys LystRet G n Asp 420225430 Gy Pile Leu
Asp Val Trp Thr Tyr Asn Ala Qu Len Leu Val Len Mt
Lys Tle ch3244044% F s ASR Sd:NTAY gerTRép BencAspiPisee Hi s Asp
130 Set Asn val 13ys Asn Len 450456460 Tyr Asp Lys Val Arg
Len Gn Leu Arg Asp Asn Ala Lys GQu Len Ay
465470475480, As I Pilgge e H s Lys
Ser &l Vﬁy?ﬂssﬁréﬁ Céésnlpr(‘iyqfc?xN@té1 9@%15555@285495 SetsoVal Arg Asn
Gy Tilt Tyr Asp Tyr Pro G n Tyr Set Gn Qu Al a

500505510 Arg Len Lys Arg Gn Gn lle e]gl Gy Val Lys

arg Asn VabiYal R Ser Tireliy e 2o Ron ala Tz Pro fl;;

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu asp Leu Leu Val Leu Trp
180 185 190

Gly Ile His His Pro Asn Asp Ala Ala CGlu Gln Thr Arg Leu 'Byr Gln
195 200 205

Asn Pro Thr Thr Tyr TIle Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
210 215 220 :

Leu Val Prc Lys Ile Ala Thr Arg. Ser Lys vVal Asn Gly Gln Asn Gly
225 230 235 240

Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Tle Asn
245 250 255

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tvr Lys Ile
260 265 270

val Lys Lvs Gly Asp Ser Ala Ile Met Lys Ser Glu Val @lu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ale Ile Asn Ser Ser
290 - 285 . 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Giu Cys Pro Lys



515520525 Thr Tyr G n Ile Leu Set Ile Tyr Set Tilt
Val Ala Set Set Leu Al a 530535540 Len Ala Ile Mt Val
Ala Ay Len Set Len Trp Net Cys Set Asn Ay
WO REBRHG55560 WO 2007/ 053446PCPUS2006/ 041988CBHB20p4)41989
Gn Cys Arg Ile Cys Ile 565 <210> 5 <211> 263 <212>
305 PRT <213>33Avi an i nfluenzd¥irus <400> 5 #°% Al a Asn
Asn Trp Thr Gn Gn Val Asp Thr Ile Met G u Lys Asn
Tyr Val L%?JSQ}QASMaLysTmu Val ndhhidinse AhR 16 MrfSpnl 8 Leu G u
ys ThizsHi's Asn Gy 262630 Lys Len CymsAsp Len Asp
Gy Val Lys Pro Lea Ile Len Arg Asp Cys 354045 Set
Val Ala Sly Trp_Len Len Asn. Pr t s Asp G n
ero cin 3 L0 RctsET RO YR Brs CPL ket T 11 o val
G n Lys Ala Asn Pro Ala Asn 65707580 Asp Len Cys Tyr
Pro Ay Asp Phe Asn Asp Tyr Au GQu Leu Lys Hi' s
ala Gly 859065:luetlyl 8y Sor ¢ §Y Met Ash AP FIPhE»dYF Lys Ile
%fnlle Ile Pro*tys 100105110 ASR Set Trp Set Ser His
Gn Ala Set Lea Ay Val Ser Set Ala Cys 115120125 Pro
cly Tyr HLYTHi@ ddr Gy clysuSexy Set cBY iter Bhe AmgashsmysVal Val Trp
370 Len |le 130138140 Lys Lys As8%Asa Ala Tyr Pro Thr Ile
Lys Arg Set Tyr Asn Asn Thr 145150155160 Asn G n G n
Glu Ser 'f%%g%%g%iléﬂ}a yflé Ah?lél;-rvgl ghy AISL%JEH \%1'1&% Eézo Asa Asp

385 320 395 400

Ile Ile Asp Lys Met Asn Thr @ln Phe Glu Ala Val Gly Arg Glu Fhe
405 410 415

Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
420 425 430

@ly Phe Leu Asp Vil Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met
435 440 445

Glu Asn Glu Arg Thr Deu Asp Phe His Asp Ser Asm Val Lys Asm Leu
450 455 4560

Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
465 470 475 . 480

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
485 490 495

Ser Val Arg aAsn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu Glu Ala
500 505 510

Arg Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly
515 520 525

Thr Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala
530 535 540

Leu Ala ITle Met Val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
545 550 555 560
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Ala Ala Gn Gn Thr Arg Leu Tyr Gn Asn Pro Thr Thr
Tyr Ile Set 180185190 WO

2007/ 053446PCT/ US2006/ 041989 Val Gy Thr Ser Thr Leu

WO M8H0GM¢ Arg Len Val Pro Lys Ile Ala Thr 195P6HBER0644%80

Ser Lys Val AShn Ay Gn Asn Gy Arg Met G u Phe Phe
Trp Thr 210215220 Ile Leu Lys Pro Asn Asp Ala |le Asn
Phe Au Ser Asn Ay Asn Phe 225230235240 Ile Ala Pro
ser Leu Clp GYTPES Alg Fjrii%ys Il1e Val Lys Lys Ay Asp Set Al a
245250955 |le Met Lys Set Gu Leu Gu 260 <210> 6
<211> 290 <212> PRT <213> duck influenza virus <400>
<210> 56 Gy Set Ala Thr Met Qu Lys Thr Vsl Len Leu Len Al a

<211> 26F| e Val Ser 151015 Leu Val Lys Ser Asp G n Ile Cys
<212> PRFl e.

- Tyr _Hi.s Ala Asn Asn Ser 202530 Thr Gu GAn
<2l3> ARz l%s%e rvﬁlue Met G n Lys Asn Val Thy Val Thr Hi s
<400> 5 354045 Ala G n Asp Ile Leu Au Lys Thr H's Asn Ay

Lys Leu s Asp Len 505560 g y..Vval s Pro Leu
fHis ala App @SE@;’P%@ Repy §2'sépe VAT éi?é‘ebg§“$ﬁ§bs%€707sso Len
1 Leu Ay Asn Pro Met Cys Asp Qu Phe Ile Asn Val Pro

AQu Trp 859095 Set Tyr Ile Val Qu Lys Ala Asn Pro
val Thr VAL anAsiisAsp Eeuagy sl e Ple LY§FPOSHEIRE §¥Asn Phe Asn

As@OTyr Gu Gu Le@Lys His Leu Lell Set Arg Ile

115120125 Asn His Phe Qu Lys Ile Gn lle lle Pro Lys

Lys Leu C§§tAS§eﬂeuTisE> &1 Vfﬁ @.yg-a’g&aéwl‘kﬂe Leu Arg Asp Cys
35 49 45

Ser Val ala Gly Trp Leu Leu Gly Asn Pro Met Cys Asp Glu Phe Ile
50 55 60

Asn Val Pro Glu Trp Ser Tyr Ile Vval ¢lu Lys Ala Asn Pro Ala Asn
65 76 75 20

Asp Leu Cys Tyr Pro Gly Asp Fhe Asn Asp Tyr Glu Glu Leu Lys His
’ 85 90 95

Teu Leu Ser Arg Ile Asn Hig Phe Glu Lys Tle Gin Ile Ile Pro Lys
100 105 110

Asn Ser Trp Ser Ser His Glu ala Ser Leu Gly Val Ser Ser Ala Cys
1i5 ‘120 125 .

Pro Tyr Gln Gly Lys Ser Ser Phe Pha Arg Asn Val Val Trp Leu Ile
130 138 140

Lys Lys Asn Asn Ala Tyr Pro Thr Tle Lys Arg Ser Tyr Asn Asn Thr
145 150 155 16_30

Asn Gln Glu Asp Leu Leu Val Leu Trp Gly Ile His His Pro Asn Asp
165 170 175

Ala Ala @ly @ln Thr Arg Leu Tvr Gln Asn Pro Thr Thr Tyr Ile Ser
180 185 180
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WD 20071053446PCML82006/ 041989 H's Qu Al a Ser Ser
Ay Val Ser Ser Ala Cys Pro Tyr Gn Ay Ser

145150155160 Ser Ser Phe Phe Arg Asn Val Val Trp Leu
WO J00%033y45 Lys Asn Asp Al a 165170175 Tyr Pro TRET/PPROGHAI989
Arg Ser Tyr Asn Asn Thr Asn G n Gn Asp Leu 180185190

val Gly Tﬂreg{arv r b8U AT pridnyglde@ HLSP BysPrie Asntinsp Ala Al a
s n Gn Thr 193200205 Arg Leu 4% G n Asn Pro Thr Thr
Tyr IIe Ser VaI Gly Thr Ser Thr 210215220 Len Asn G n

10 Sér dyz0Arg Met Asp Phe Phe Trp
Thr IIe Len Lys Pro Asn 245250255 Asp Ala |ie Asn Phe

Gn Ser Asn Ay Asn Phe Ile Ala Pr Gn Tyr 260265270
Tle Leu Lyy arffl'wnlé%AF'FeuVa‘T“L’i}? 5 a8 é 5%/ alle Mt

225 Lys Ser h 275280285 vaf™a@ u 290 2

Tie BAla Pro Glu Tyr Ala Tyr Lys Ile Val Lys Lys Gly Asp Ser Ala
245 250 255

Tle Met Lys Ser Glu Leu Glu
260

<210> &

<211> 290C

<212> PRT

£213> duck influenza virus
<400> 6

Gly Ser Ala Thr Met Glu Lys Thr Val Leu Leu Leu Ala Ile Val Ser
1 5 10 15

Tieu Val Lys Ser asp Gin Ile Cys Tle Gly Tyr His Ala Asn Asn Ser
20 25 30

Thr @lu Gln val Asp Thr Ile Met Glu Lys Asn val Thr val Thr His
35 40 45

Ala Gln Asp Ile Leu @lu Lys Thr His Asn Gly Liyes Leu Cys Asp Leu
50 55 60

Asp Gly Val Lys Pro Leu Ile Leu Arg Asp Cys Ser val Ala Gly Trp

Leu Leu Gly Asn Pro Met Cys AsD &lu Phe Ile Asn Val Pro Glu Trp
85 - 90 95

Ser Tvr Ile Val Glu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro
100 105 110

Gly Asn Phe Asn Asp TyT glu @lu Leu Lys His Leu Leu Ser Arg Ile
115 120 125

Asn His ®he Glu Lys Ile Gln Ile Ile Pro Lys der Ser Trp Ser ASD
130 135 140
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His
145

Ser

Tvx

Teu

Leu
225
cly
Asp

Ala

val

WO 2007/053446

Glu

Ser

Pro

Val

ala

Phe

Leu

~195

Leu

210

Asn

Gin

Ala

Glu
290

Tyr

Gln

sexr

Tle

1yvs
275

Sar

Pl_le

Ile
180

Trp

Gln

Arg

Gly

Asn

260

Ile

Ser

Arg

165

Lys

Gly

Asn

Leu

Arg

245

Phe

Val

Gly

150

Asn

Arg

Ile

Pro

val

230

Met

Glu

Liys

Val

val

Ser

His

Thr

215

Pro

Asp

Ser

Liys

Ser

Val

Tyr

His

200

Lys

Phe

Asn

Gly
280

Ser

Trp

ASn

185

Pro

Tyx

Ile

Phe

Gly

265

AsSD

Ala

Leu
170

Asn

Asn

Ile

Ala

Trp

250

Asn

Ser

Cys

155

Ile

Thxr

ASD

Ser

Thr

235

Thr

Fhe

Ala

13

Pro

Ly_s

Asn

Ala

Vai

220

ATy

Ile

Ile

Ile

TYyTr

Lys

Gln

Ala

205

Gly

S5er

Leu

Ala

Met.
285

@ln Gly Ser
led

Asn Asp Ala
175

Glu Asp Leu
190

Glu Gln Thr

Thr Ser Thr

Lys Val Asn

240

Lys Pro Asn
255

Pro Glu Tyr
270

Lys Ser Glu
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