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GCTATAATTG 
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1 O51 CAACGAGTTT 

GTTGCT CAAA 

11 O1. TGTGTTTAAA 

ACACAAATTT 

1151 TAAACAAAAA 

ATTTGTTTTT 

1201 AAACATATTT 

TTTGTATAAA 

1251 AAATACAGAT 

TTTATGTCTA 

1301 TCATAATACC 

AGTATTATGG 

1351 TTATATAATA 

AATATATTAT 

14 O1 AATAAAAATA 

TTATTTTTAT 

1451. CTTAGAGTAA 

GAATCTCATT 

15 O1. CCCGGGTTAA 

GGGCCCAATT 

1551. TCGTTAATTA 

AGCAATTAAT 

FIGURE 2 

CT CACAAGAA 

GAGTGTTCTT 

AGAAGTACCA 

TCTTCATGGT 

ACATATTTCC 

TGTATAAAGG 

TTTGCCTATC 

AAACGGATAG 

ACTGAAAATA 

TGACTTTTAT 

CAGTAGGTAT 

GT CATCCATA 

GATATAAGAA 

CTATATTCTT 

TAATTACATT 

ATTAATGTAA 

TTATCATATT 

AATAGTATAA 

TTAATTAGTC 

AATTAATCAG 

ATTAGAGCTT 

TAATCTCGAA 

AACTTGTTTA 

TTGAACAAAT 

GTAAAAAGTG 

CATTTTTCAC 

GAACAGTATT 

CTTGTCATAA 

ATGTATAAGA 

TACATATTCT 

CGTGTCCTGA 

GCACAGGACT 

TGGATAGATA 

ACCTATCTAT 

AATGATTTTT 

TTACTAAAAA 

TACGGAAAAT 

ATGCCTTTTA 

GAATCTATAT 

CTTAGATATA 

ATCAGGCAGG 

TAGTCCGTCC 

CTTTATTCTA 

GAAATAAGAT 
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GT AGAT AGAG 

CATCTATCTC 

TGGCATATGC 

ACCGTATACG 

TTGGAATTCT 

AACCTTAAGA 

CGTTGGGCAG 

GCAACCCGTC 

ATGTAGAATA 

TACATCTTAT 

ATAAATATGA 

TATTTATACT 

ACAAAAATAC 

TGTTTTTATG 

AGCTGGTTTT 

TCGACCAAAA 

TGCTAATTAG 

ACGATTAATC 

GCGAGAACGA 

CGCTCTTCCT 

TACTTAAAAA 

ATGAATTTTT 
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ATTCT, TTGAT 

TAAGAAACTA 

ATAGAAGAAA 

TATCTTCTTT 

CCCAAGTTGT 

GGGTTCAACA 

ATACTACCAG 

TATGATGGTC 

GTTTTTCCTT 

CAAAAAGGAA 

TAAAAAAATA 

ATTTTTTTAT 

CTATAAGAAC 

GATATTCTTG 

AGTTTACCAA 

TCAAATGGTT 

CTAATAAAAA 

GATTATTTTT 

GACTATCTGC 

CTGATAGACG 

GTGAAAATAA 

CACTTTTATT 



Patent Application Publication Sep. 1, 2011 Sheet 10 of 18 US 2011/0212129 A1 

FIGURE 2 (cont d) 

16O1 ATACAAAGGT TCTTGAGGGT TGTGTTAAAT TGAAAGCGAG AAATAATCAT 

TATGTTTCCA AGAACTCCCA ACACAATTTA ACTTTCGCTC TTTATTAGTA 

(SEO ID NO: 1) M E K 

1651 AAATTATTTC AT TATCGCGA TATCCGT TAA GTTT GTATCG TAATGGAGAA 

TTTAATAAAG TAATAGCGCT AAGGCAATT CAAACATAGC ATTAC CTCTT 

W I L. L. A. I W. S. L. V K S D O I C 

1701 AATCGTGCTG CTGCTGGCCA TCGTGAGCCT GGTGAAAAGC GATCAGATCT 

TTAGCACGAC GACGACCGGT AGCACTCGGA CCACTTTTCG CTAGTCTAGA 

I G Y H A N N S T E Q V D T M 

1751 GCATCGGCTA CCACGCCAAC AACAGCACAG AGCAAGTGGA CACAATCATG 

CGTACCCGAT GCTCCGGTTG TTGTCGTGTC TCGTTCACCT GTGTTACTAC 

E. K. N. V. T. W. T. H A O D I L. E. K T II 

18 O1 GAAAAGAACG TGACCGTGAC ACACGCCCAG GACATCCTGG AAAAGACACA 

CTTTTCTTGC ACTGGCACT G T G T GCGGGTC CTG TAGGACC TTTTCTGTGT 

N G. K. L C D L. D G V K P D L R D 

1851 CAACGGGAAG CTGTGCGATC TGGATGGAGT GAAGCCTCTG ATCCTGAGAG 

GTTGCCCTTC GACACGCTAG ACC TAC CTCA CTTCGGAGAC TAGGA CTCTC 
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FIGURE 2 (cont d) 

C S V A G W L. L G N P M C D E 

1901 ATTGCAGCGT GGCCGGATGG CTGCTGGGGA ACCCAATGTG CGACGAATTC 

TAACGTCGCA CCGGCCTACC GACGACCCCT TGGGTTACAC GCTGCTTAAG 

I N V P E. W. S Y V E K. A. N. P A N 

1951 ATCAACGTGC CCGAATGGAG CTACATCGTG GAGAAGGCCA ACCCAGCCAA 

TAGTTGCACG GGCTTAC CTC GATGTAGCAC CTCTTCCGGT TGGGTCGGTT 

D L. C Y P G N T. N. D. Y T K H L - 

2 OO1 CGACCTGTGC TACCCAGGGA ACCTGAACGA CTACGAAGAA CTGAAACACC 

GCTGGACACG ATGGGTCCCT TGGACTTGCT GATGCTTCTT GACTTTGTGG 

L S R I N H E. E. K. C I I P K S 

2O51 TGCTGAGCAG AATCAACCAC TTTGAGAAAA TCCAGATCAT CCCCAAAAGC 

ACCACTCGTC TTACTTGCTC AAACTCTTTT ACGTCTACTA. GGGGTTTTCC 

S W S D H E A. S S G V S S A. C P Y 

21 O1. AGCTGGTCCG ATCACGAAGC CAGCAGCGGA GTGAGCAGCG CCTGCCCATA 

TCGACCAGGC TAGTGCTTCG GTCGTCGCCT CACTCGTCGC GGACGGGTAT 
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FIGURE 2 (cont d) 

O G. K. S S E E R N V W. W. L. I K K N 

2151 CCAGGGAAAG TCCAGCTTTT TTAGAAACGT GGTGTGGCTG ATCAAAAAGA 

CGTCCCTTTC ACGTCCAAAA AATCTTTCCA, CCACACCGAC TAGTTTTTCT 

E S A Y P T I K R S Y N N T N O 

22O1 ACAGCGCCTA CCCAACAATC AAGAGAAGCT ACAACAACAC CAACCAGGAA 

TGTCCCCGAT GGGTTCTTAC TTCTCTTCGA TGTTCTTGTG GTTCGTCCTT 

D. L. L. V. L. W. G I H. H. P N ID A A. E. 

2251 GATCTGCTGG TGCTGTGGGG GATCCACCAC CCTAACGATG CCGCCGAGCA 

CTAGACGACC ACGACACCCC CTAGGTGGTG GGATTGCTAC GGCGGCTCGT 

T R L. Y O N P T T Y I S V G T S T 

23 O1 GACAAGGCTG TACCAGAACC CAACCACCTA CATCTCCGTG GGGACAAGCA 

CTGTTCCGAC ATGGTCTTGG GTTGGGGAT G TAGAGGCAC CCCTGTTCGT 

L N O R. L. V. P K . A R. S K V N 

2351 CACTGAACCA GAGACTGGTG CCAAAAATCG CCATCAGATC CAAAGTGAAC 

GTGACTTGCT CTCTGACCAC GGTTTTTAGC (GGTAGTCTAC GTTTCACTTG 

G O S G R. M. E. W. T I I K P N D E 

24 O1. GGGCAGAGCG GAAGAATGGA GTTCTTCTGG ACAATCCTGA AACCCAA CGA 

CCCGTCTCGC CTTCTTACCT CAAGAAGACC TGTTAGGACT TIGGGTTGCT 

A T N E. E S N G. N. F. I A P E Y A Y 

2451 TGCCATCAAC TTCGAGAGCA ACGGAAACTT CATCGCCCCA GAATACGCCT 

ACGGTAGTTG AAGCTCTCGT TGCCTTTGAA GTAGCGGGGT CTTATGCGGA 
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FIGURE 2 

K I V K K G 

25 O1. ACAAAATCGT GAAGAAAGGG 

TGTTTTAGCA CTTCTTTCCC 

Y G. N. C N f K 

2551 TACGGCAACT GCA ACACCAA 

ATGCCGTTGA CGTTGTGGTT 

S M P F. H. N. 

26O1 CAGCATGCCA TTCCACAACA 

GTCGTACGGT AAGGTGTTGT 

Y V K S N R. 

2651 AATACGTGAA AAGCAACAGA 

TTATGCACTT TTCCTTGTCT 

P R T R G E O 

2701 CCTCAGAGAG. AGACCAGAGG 

CCACTCTCTC TCTCCTCTCC 

G W v 

2751. GGGAGGATGG CAGGGAATGG 

CCCTCCTACC GTCCCTTACC 

E G Q S G Y 

28O1 ACGAGCAGGG 

TGCTCGTCCC 

O G M V 

A I S 

GACAGCGCCA 

CTGTCGCGGT 

C T O 

GTGCCAGACC 

CACGGTCTGG 

H P L 

TCCACCCTCT 

AGGTGGGAGA 

T. W. L. A 

CTGGTGCTGG 

GACCACGACC 

L. E. G 

ACTGTTTGGA 

TGACAAACCT 

D. G. W. 

TGGATGGCTG 

ACC TACCGAC 

A. A. D. K 
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M. K S 

TCATGAAAAG 

AGTACTTTTC 

P M. G. 

CCAATGGGGG 

GGTTACCCCC 

G 

GACCATCGGG 

CTGGTAGCCC 

T G. L. 

CCACCGGGCT 

GGTGGCCCGA 

A. A. 

GCCATCGCCG 

CGGTAGCGGC 

Y G Y 

GTACGGATAC 

CATGCCTATG 

E S T 

GAGCGGATAC GCCGCCGACA AAGAATCCAC 

CTCGCCTATG CGGCGGCTGT TTCTTAGGTG 

A. 

G 
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E. 

CGAACTGGAA 

CCTTGACCTT 

N S 

CCATCAACAG 

GGTAGTTGTC 

E C P K 

GAATGCCCCA 

CTTACGGGGT 

R. N. S. 

GAGAAACAGC 

CTCTTTGTCG 

i. 

GCTTTATCGA 

CGAAATAGCT 

H H S N 

CACCACAGCA 

GTGGTGTCGT 

K. A O 

CCAGAAGGCC 

GGTCTTCCGG 
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FIGURE 2 (cont d) 

I D G V T N K V N S I I D K M. N. T. 

2851 ATCGACGGCG TGACCAACAA AGTGAACAGC ATCATCGACA AAATGAACAC 

TAGCTGCCGC ACTGGTTGTT TCACTTGTCG TAG TAGCTGT TTTACTTGTG 

A W G R. E F N N L E R. R. I E E O F 

2901 CCAGTTTGAG GCCGTGGGAA GGGAGTTTAA CAACCTGGAA AGGAGAATCG 

GGT CAAACTC CGGCACCCTT CCCT CAAATT GTTGGACCTT TCCTCTTAGC 

N L, N. K K M E D G E L. D. W. W T Y 

2951. AGAACCTGAA CAAGAAGATG GAGGACGGAT TCCTGGATGT GTGGACCTAC 

TCTTGGACTT GTTCTTCTAC CTCCTGCCTA AGGACCTACA CACCTGGATG 

N A E T T. W. L. M E N E R T I D. E. H. 

3OO1 AACGCCGAAC TGCTGGTGCT GATGGAAAAC GAGAGAACCC TGGACTTTCA 

TTGCGGCTTG ACGACCACGA CTACCTTTTG CTCTCTTGGG ACCTGAAAGT 

D S N W. K. N. L. Y D K W. R. L. O L R D 

3051 CGACAGCAAC GTGAAGAACC TGTACGACAA AGTGAGGCTG CAGCTGAGGG 

GCTGTCGTTG CACTTCTTGG ACATGCTGTT TCACTCCGAC GTCGACTCCC 

N A K E L. G N G C E E F Y H K C 

31 O1 ATAACGCCAA GGAGCTGGGC AACGGCTGCT TCGAGTTCTA CCACAAATGC 

TATTGCGGTT CCTCGACCCG TTGCCGACGA AGCTCAAGAT GGTGTTTACG 

D N E C M E S I R N G T Y N Y P O 

3151 GATAACGAAT GCATGGAAAG CATCAGAAAC GGAACCTACA ACTACCCCCA 

CTATTCCTTA. CCTACCTTTC GTAGTCTTTC CCTTGGATCT, TCATCGGGGT 
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Y S. 

FIGURE 2 

r A R 

32O1 GTACAGCGAA 

CATGTCCCTT 

E 

3251 TGGAATCCAT 

ACCTTAGGTA 

33 O1. TCCTCCCTGG 

AGGAGGGACC 

S N G 

3351 CTCCAACGGA 

GAGGTTGCCT 

34 OT TGACTAGTTA 

ACTGATCAAT 

3 451. TCCGT TATAC 

AGGCAATATG 

GAAGCCAGAC 

CTTCGGTCTG 

v T 

CGGAACCTAC 

GCCTTGGATG 

A. I 

CCCTGGCCAT 

GGGACCGGTA 

S L O 

L 

C 

(C 

K. R. 
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G V K L 

TGAAAAGAGA AGAAATCTCC GGAGTGAAAC 

ACTTTTCTCT, TCTTTAGACG CCT CACTTTG 

O L 

CAGATCCTGA 

GTCTAGGACT 

M M A. 

CATGATGGCC 

GTACTACCGG 

R C 

AGCCTGCAGT GCAGAATCTG 

TCGGACGTCA CGTCTTAGAC 

ATCATAAGAT AAATAATATA 

TAGTATTCTA TTTATTATAT 

GGGGAATAAT ATTACCATAC 

S I Y S 

GCATCTACAG 

CGTAGATGTC 

G. L. S 

GGACTGAGCC 

CCTGACTCGG 

CATCTGACTC 

GTAGACTGAG 

CAGCATTGTA 

GTCGTAACAT 

AGTATTATTA 

CCCCTTATTA TAATGGTATG TCATAATAAT 

T 

T W A 

CACAGTGGCC 

GTGT CACCGG 

W M C 

TGTGGATGTG 

ACACC TACAC 

GAGTTTTTAT 

CT CAAAAATA 

ACCATCGTCA 

TGGTAGCAGT 

AATTTTCTTA 

TTAAAAGAAT 
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FIGURE 2 (Cont d) 

35 O1. CGAAGAATAT 

CCTTCTTATA 

3551. TAAACATGTC 

ATTTGTACAG 

36O1 ATTTATGATA 

TAAATACTAT 

3 651 TGCTACTAGA 

ACGATGATCT 

3701 AATTAAGTGA 

TTAATTCACT 

3751 AAAACTAACC 

TTTTCAT. TCC 

38O1 TCATAAAGGA 

AGTA TTTCCT 

3851. CTTCTATATC 

GAAGATATAG 

39 O1 ATTATTAACT 

TAATAATTGA 

3951 GGAATCTGAT 

CCTTAGACTA 

4 OO1 GATACAATGA 

CTATGTTACT 

AGATCGGTAT 

TCTAGCCATA 

TACTATTACC 

ATGATAATGG 

AAATTAAGAT 

TTTAATTCTA 

TTATGTGAAT 

AATACACTTA 

ATCTAAAATA 

TAGATTTTAT 

AGTTAAAAAC 

TCAATTTTTC 

AGAGATACTT 

TCTCTATGAA 

AAATTGGATA 

TTTAACCTAT 

ATTATATATG 

TAATATATAC 

ATGACAGAAG 

TACTGT. CTTC 

TGAAATAGCA 

ACTTTATCGT 

TTATCGT TAG 

AATAGCAATC 

TGTTATGGAA 

ACAATACCTT 

AATAATAATG 

TTATTATTAC 

TACGAGGAAG 

ATGCTCCTTC 

TTAGTCGATA 

AATCAGCTAT 

GGATATGATT 

CCTATACTAA 

GCGGTTACTA 

CGCCAATGAT 

TCTCCGT TAT 

AGAGGCAATA 

TAATGAATAT 

ATTACTTATA 

TAAT AGATGT 

ATTATCTACA 

GAAATAATAT 

CTTTATTATA 

TTTATTTTAC 

AAATAAAATG 

ATGACAAATT 

TACTGTTTAA 

AAATCAAATA 

TTTAGTTTAT 

AAAGTTTACG 

TTT CAAATGC 

ATGTAAAAAA 

TACATTTTTT 

ATATAC GTTA 

TATATCCAAT 

TGTACACCAA 

ACATGTGGTT 

TCGCCGTTAA 

AGCGGCAATT 

GATATACGAC 

CTATATGCTG 

AGTTGATAAA 

TCAACTATTT 

ATTTGTTTAA 

TAAACAAATT 

ATTTATTAAT 

TAAATAATTA 

TAGITATATA 

ATCAATATAT 

ATTATGTAAA 

TAATACATTT 

AACTGGAAAA 

TTGACCTTTT 

AATAAATGAT 

TTATTTACTA 

AGGATATTGA 

TCCTATAACT 

GATCTGGTAT 

CTAGACCATA 

GGTAAATAAA 

CCATTTATTT 

TTAGCGAAAT 

AATCGCTTTA 

TTAG TAGGAG 

AATCATCCTC 

TAAATTTATA 

ATAAAA 
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4 O51 GAAAAATATA 

CTTTTTATAT 

TTTATTAAAA 

4151 TTAAATCTTT 

AATTTAGAAA 

42 O1. AAGTTATTCG 

TT CAATAAGC 

4251. AGAAGTTGAT 

TCTTCAACTA 

43 O1 GTACGAAGTT 

CATGCTTCAA 

4351 AAATATCAAA 

TTTATAGTTT 

ATAGTTGGTA 

4 451 AAACGAAGCT 

TTTGCTTCGA 

45 O1. ATGTTATGAA 

TACAATACTT 

4551. CTAAACTGGA 

GATTTGACCT 

FIGURE 2 

TTGCTAACAT 

AACGATTGTA 

ATAAATTTTA 

TATTTAAAAT 

AATTCTTGAT 

TTAAGAACTA 

ATAAAGATAA 

TATTTCTATT 

AAGCTAATTT 

TTCGATTAAA 

TTACGTTAGA 

AATG CAATCT 

TATGTCATTA 

ATACAGTAAT 

CTAACGAACA 

GATTGCTTGT 

GATAGCCT CA 

CTATCGGAGT 

GAATTGGGAT 

CTTAACCCTA 

AAAATGATAC 

TTTTACTATG 

ATCGTTATCA 

TAG CAATAGT 

ATAAAAAATA 

TATTTTTTAT 

CTGAAAAACA 

GACTTTTTGT 

TAATGAATCG 

ATTACTTAGC 

TTTTCATCTA 

AAAAG TAGAT 

TAAATAATAA 

ATTTATTATT 

TCTGATAAAG 

AGACTATTTC 

GATATTACAA 

CTATAATGTT 

ATAGAAGAAG 

TATCTTCTTC 

CATCCTCTCA 

GTAGGAGAGT 

ATTAAACGAT 

TAATTTGCTA 
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ACTGAATTAT 

TGACTTAATA 

CAATAACGAC 

GTTATTGCTG 

CATCTATAAA 

GTAGATATTT 

AACGATGAAA 

TTGCTACTTT 

AATAGTATTA 

TTATCATAAT 

AGGTCGATTT 

TCCAGCTAAA 

ATACAAAAAC 

TATGTTTTTG 

AAAATACGTC 

TTTTATGCAG 

CATTAAAGAA 

GTAATTTCTT 

ACGAAGAAAT 

TGCTTCTTTA 

TTAGATCATC 

AATCTAG TAG 
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CTAGTATATT 

GATCATATAA 

ATAAAAGATA 

TATTTTCTAT 

ACTAGATAAA 

TGATCTATTT 

AATTGGAAAC 

TTAACCTTTG 

TTTTATTGAA 

AAAATAACTT 

TTATTTTGTT 

AATAAAACAA 

ACACGGTGAT 

TGTGCCACTA 

GGACTATGGA 

CCTGATACCT 

ATTGTTGTAG 

TAACAACATC 

AGATAAAGTT 

TCTATTTCAA 

TAAATACAGA 

ATTTATGTCT 
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4 6O1 TGATAATATT 

ACTATTATAA 

4651. AAAAGATCAA 

TTTTCTAGTT 

47 O1 GATAACGAAA 

CTATTGCTTT 

4751. TCTTAAAGAC 

AGAATTTCTG 

48 O1 GCCACCGCGG 

CGGTGGCGCC 

4851 CGAGCTTGGC 

GCTCGAACCG 

GURE 2 

AAGGAAATCA TACAATGTCT 

TTCCTTTAGT ATGTTACAGA 

TTCTATTATC TATACTTATC 

AAGATAATAC ATATCAA TAC 

CATTGAAAGA TAAAATTAAG 

GT AACTTTCT ATTTTAATTC 

AAACGTGGTT ATAAACAAAA 

TTTCCACCAA TATTTGTTTT 

TGGAGCTCCA GCTTTTCTTC 

ACCTCGAGGT CGAAAACAAG 

GTAATCATGG TCATAGCTGT 

CATTAGTACC AGTATCGACA 
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GATTAGAGAA 

CTAATCTCTT 

CTATGGTAAA 

GATACCATTT 

GATTATTTTA 

CTAATAAAAT 

GCCATTACCC 

CGGTAATGGG 

CCTTTAGTGA 

GGAAATCACT 

TTCCT 

AAGGA 
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TTTGCGTTTA 

AAACGCAAAT 

ACT CAATTCA 

TGAGTTAAGT 

TAGAAACTAT 

ATCTTTGATA 

TAGAGCGGCC 

ATCTCGCCGG 

GGGTTAATTT 

CCCAATTAAA 
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METHOD FOR PRODUCING THE FLU VIRUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority of 
U.S. provisional application 61/063,659, filed Apr. 2, 2008. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates to a method for producing the 

flu virus using eggs originating from hens immunized against 
the flu and also to the use of such a method for the manufac 
ture of a flu vaccine. 
0004 2. Summary of the Related Art 
0005. Three types of flu virus (A, B and C) are currently 
known, the type A viruses being responsible for animal and 
human conditions while the type B and type C viruses are 
especially pathogenic for humans. The type A viruses are 
Subdivided into Subtypes according to the antigenic structure 
of hemagglutinin (HA) and of neuraminidase (NA) which are 
the principal glycoproteins of the viral envelope. Sixteen 
subtypes of HA (H1 to H16) and 9 subtypes of NA (N1 to N9) 
stand out. The subtype of a type A virus is therefore defined by 
the HA subtype and the NA subtype which are present in the 
viral envelope. Wildbirds constitute the reservoir of all influ 
enza A Subtypes. Certain Subtypes of influenza virus type A 
endemically or epidemically (annual epidemics) infect 
domestic birds (various subtypes including H5N1 and 
H9N2), horses (principally H3N8), pigs (principally H1N1, 
H3N2 and H1N2) and also humans (principally H1N1 and 
H3N2). Dogs, cats and other wild species can also occasion 
ally be infected with certain subtypes (H3N8 and H5N1 in 
dogs: H5N1 in cats). 
0006. In the veterinary field, poultry farms, and more par 

ticularly chicks, chickens, hens and roosters, represent in 
terms of number the largest population liable to be affected by 
the flu virus. The avian flustrains of subtypes H5 and H7 may 
be of two pathotypes: a low path (or LP) pathotype and a high 
path (or HP) pathotype. The HP strains are responsible for 
avian flu and derive from the LP strains H5 and H7 after 
mutations/insertions in particular at the hemagglutinin cleav 
age site (presence of multiple basic amino acids). Up until 
now, strict hygiene measures and regular controls are strongly 
recommended in farms in order to prevent avian flu, and in 
particular infection with the H5 and H7 subtypes. 
0007. In humans, immunization is recommended against 
the seasonal circulating viral Strains responsible for epidem 
ics that are more or less Substantial according to the years. 
Most of the current vaccines are produced using embryonated 
hen eggs, these eggs being infected with three different flu 
virus strains (two strains of type A flu virus having the H3N2 
and H1N1 subtype and one strain of type B virus). Eggs fro 
hens that have not been immunized against the flu are used in 
order to prevent any phenomenon of interference which could 
be harmful to the replication of the virus. It is in fact known 
that the maternal antibodies are transferred to the chicks after 
having spent time in the egg and protect them against micro 
bial infections during the first days of life, but, in return, they 
are responsible for deficient immunity if chicks are prema 
turely immunized against a microbial agent while protective 
maternal antibodies still exist against this agent. H. Stone et 
al. (1992, Avian Dis. 36: 1048-1051) have shown that new 
born chicks can be passively immunized against Newcastle 
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disease by inoculating yolk from eggs originating from hens 
immunized against the Newcastle disease virus (NDV). How 
ever, if, following the administration of the egg yolks, the 
chicks are immunized with the NDV virus, a decrease in the 
immune response to the vaccine is observed. It is also known, 
according to the studies by Hamal et al. (2006, Poultry Sci 
ence 65: 1364-1372), that the rates of transfer of protective 
maternal antibodies to newborn chicks, in particular the trans 
fer of antibodies directed against the NDV virus or the infec 
tious bronchitis virus (IBV), is between 30% and 40% (per 
centage of the amount of antibodies in the hen's plasma 
circulating in the blood of the three-day-old chick), which 
indicates that a large amount of the maternal antibodies is 
sequestered in the egg. This is confirmed by the studies of J. 
R. Becket al. (2003, Avian Dis. 47:1196–1199), which show 
that all the eggs contain anti-HA antibodies, approximately 3 
weeks after having immunized hens with a strain of inacti 
vated flu virus. Finally, it is known, according to the studies 
by Fontaine et al. (1963, Pathobiologie, 11/9: 611-613), that 
if embryonated eggs are inoculated with anti-flu serum, the 
eggs are protected against infection by the flu virus. All these 
reasons have led those skilled in the art to consider that if eggs 
from hens immunized against the flu were used, said eggs 
would, due to the transfer of the maternal antibodies directed 
against the flu into the eggs, become incapable of producing 
flu viruses. 
0008 Since the beginning of the 2000s, the economic 
consequence of avian flu in domestic bird farms has not 
ceased to increase with the appearance of highly contagious 
and pathogenic avian virus Strains which decimate entire 
poultry farms. The typing of the HAS of highly pathogenic 
virus strains shows that almost all of them have the H5 or H7 
subtype. It is now feared that virus strains having the H5 or H7 
Subtype will adapt to humans and may be responsible for a 
real flu pandemic in humans; serious cases of human flu, 
admittedly isolated, involving these Subtypes have already 
been reported. 
0009 Faced with the risk that the supply of eggs may no 
longer always be ensured for manufacturing the flu vaccine, 
new methods of producing vaccines against the flu are cur 
rently directed toward the use of cell culture systems. 

SUMMARY OF THE INVENTION 

0010 Despite new methods of producing vaccines, there 
still exists a need to be able to produce, under any circum 
stances, in a short period of time and in very large amount, flu 
virus for manufacturing the flu vaccine. The present invention 
meets this need by describing a method for producing flu 
virus based, againstall expectations, on the use of eggs origi 
nating from hens immunized beforehand against the flu. 
0011. A subject of the invention is in fact: 
0012. A method for producing flu virus comprising: 

0013 a) immunizing a hen by administering a flu vac 
cine to the hen, 

0014 b) triggering embryogenesis in one or more eggs 
of the immunized hen, 

0.015 c) infecting the one or more embryonated eggs by 
inoculating a flu virus into the allantoic cavity of the 
eggS, 

0016 d) incubating the one or more infected embryo 
nated eggs under temperature and humidity conditions 
that allow replication of the virus, and 

0017 e) harvesting the allantoic fluid of the one or more 
incubated eggs containing the virus. 
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0018 Preferably, the vaccine protects the hens against 
avian flu. 
0019 Typically, the flu vaccine comprises, in its compo 
sition, the hemagglutinin of a flu virus in the form of protein 
and/or of a gene encoding this protein. 
0020. According to one aspect, the composition of the flu 
vaccine contains an inactivated whole flu virus. 
0021. According to another aspect, the composition of the 

flu vaccine contains a product derived from a whole flu virus. 
0022. According to yet another aspect, the composition of 
the vaccine also contains an adjuvant. 
0023. In another aspect, the composition of the flu vaccine 
contains an attenuated flu virus. 
0024. According to another aspect, the flu vaccine com 
prises a vector comprising a nucleic acid fragment encoding 
the hemagglutinin of a flu virus. 
0025. According to another aspect, the composition of the 
vaccine also contains an adjuvant. 
0026. Preferably, the vector is a poxvirus. 
0027. In a specific aspect, the vector also comprises a 
nucleic acid fragment encoding the neuraminidase of a flu 
virus. 
0028. According to one embodiment of the method 
according to the invention, the flu virus hemagglutinin in the 
form of protein and/or of a gene encoding this protein con 
tained in the composition of the vaccine which is used to 
immunize the hens against the flu and the hemagglutinin of 
the flu virus which is used to infect the allantoic cavity of the 
embryonated eggs from the immunized hens are of different 
Subtypes. 
0029. According to another embodiment, the flu virus 
hemagglutinin in the form of protein and/or of a gene encod 
ing this protein contained in the composition of the vaccine 
which is used to immunize the hens against the flu and the 
hemagglutinin of the flu virus which is used to infect the 
allantoic cavity of the embryonated eggs from the immunized 
hens are of the same Subtype. 
0030. According to yet another embodiment, the flu virus 
hemagglutinin in the form of protein and/or of a gene encod 
ing this protein contained in the composition of the vaccine 
which is used to immunize the hens against the flu and the 
hemagglutinin of the flu virus which is used to infect the 
allantoic cavity of the embryonated eggs from the immunized 
hens are identical. 
0031. According to yet another embodiment, the flu virus 
contained in the composition of the vaccine which is used to 
immunize the hens against the flu is identical to the flu virus 
which is used to infect the allantoic cavity of the embryonated 
eggs from the immunized hens. 
0032. In a particularly preferred embodiment, the flu virus 
hemagglutinin in the form of protein and/or of a gene encod 
ing this protein contained in the composition of the vaccine 
which is used to immunize the hens against the flu and the 
hemagglutinin of the flu virus which is used to infect the 
allantoic cavity of the embryonated eggs from the immunized 
hens are independently selected from those of the H5, H6, H7 
or H9 subtype. 
0033. In another particularly preferred embodiment, the 

flu virus hemagglutinin in the form of protein and/or of a gene 
encoding this protein contained in the composition of the 
vaccine which is used to immunize the hens against the flu and 
the hemagglutinin of the flu virus which is used to infect the 
allantoic cavity of the embryonated eggs from the immunized 
hens are independently of the H5 or H7 subtype. 
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0034. In a specific aspect, the method according to the 
invention comprises an additional step of purification of the 
virus. 
0035. In another specific aspect, the method according to 
the invention comprises an additional step of inactivation of 
the virus. 
0036. The invention also comprises a flu vaccine obtained 
using a method according to the invention. 
0037. A subject of the invention is also the use of a method 
according to the invention for the manufacture of a vaccine 
for use in preventing the flu. 
0038. In a specific aspect, the use of the method according 
to the invention serves to manufacture a vaccine for use in 
preventing pandemic human flu. 
0039. In another specific aspect, the use of a method 
according to the invention serves to manufacture a vaccine for 
use in preventing epidemic human flu. 
0040. In yet another aspect, the use of a method according 
to the invention serves to manufacture a vaccine for use in 
preventing the flu in members of the equine family, members 
of the porcine family, members of the canine family, members 
of the feline family, mustelids and avian species. 
0041. A subject of the invention is also the use of the eggs 
from hens immunized against the flu for the production of a 
flu virus. 
0042 Finally, a subject of the invention is the use of the 
eggs from hens immunized against the flu for the manufacture 
of a flu vaccine. 
0043. In one aspect, the eggs from immunized hens con 
tain antibodies against the hemagglutinin of flu virus. 
0044. In a further aspect, the eggs from immunized hens 
contain antibodies against H5, H6, H7 or H9 subtype. 
0045 All patents, patent applications, and publications 
referred to herein are hereby incorporated by reference. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0046 FIG.1. represents the complete nucleotide sequence 
of the donor plasmid pY1394.1. 
0047 FIG. 2. represents the nucleotide sequence of the 
insert in the donor plasmid pY1394.1 comprising the arms 
flanking the insertion locus F8, and also the H6 vaccinia 
promoter followed by the synthetic gene modified at the 
cleavage site encoding the HA of the A/chicken/Indonesia/7/ 
03 strain. 

DETAILED DESCRIPTION OF THE INVENTION 

0048. The phrase “flu virus' denotes both flu virus origi 
nating from a wild-type strain and flu virus originating from 
areassortant strain which results from the reassortment of the 
genomic segments of one or more wild-type strains with a 
“master strain selected for its strong growth potential in 
eggs. The reassortant strain acquires characteristics of the 
“master strain but keeps at least the characteristics of the HA 
and of the NA of the wild-type strain, which means that the 
identity of the proteinstructure of the HA and of the NA of the 
reassortant strain with respect to the HA and to the NA of the 
wild-type strain, determined by means of an overall align 
ment program, is at least 95%, preferably at least 98%, more 
preferably at least 99%, and even more preferably 100%. The 
reassortant Strain can be obtained by coinfection of a sensitive 
cell with the wild-type strain and the “master strain, fol 
lowed by the appropriate means for selecting the desired 
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reassortant strain. It can also be obtained by reverse genetics 
from the nucleic acids of the wild-type strain and of the 
“master strain and expression in multiplasmid expression 
systems as described in WO 01/83794 and WO 03/091401 
and in Proc. Nat. Acad. Sci. USA96:9345-9350 (1999). In the 
case of the high path H5 and H7 strains, a modification of the 
cleavage site comprising the multiple basic amino acids may 
be carried out so as to render the reassortant Strain low path. 
0049. For ease of language, the term “vaccinal strain” or 
“vaccinal virus' is used without distinction to denote the flu 
virus used for the manufacture of the flu vaccine; similarly, 
the term “infecting strain” or “infecting virus is used to 
denote the flu virus used to infect biological material (eggs, 
animals). 
0050 Moreover, the term "eggs from immunized hens' is 
used to denote fertilized hen eggs originating from hens 
which have been immunized beforehand and brought into 
contact with roosters. 
0051. In general, the flu vaccine used for the immunization 
of the hens can be manufactured from any strain of flu virus. 
The vaccinal Strain may be a type A virus, but also a type B or 
C virus. When it is a strain of type A virus, the virus may be 
any subtype of HA and/or any subtype of NA. It may, for 
example, be viral strains having the H1N1 or H3N2 subtype 
currently responsible for epidemic human type A flu. 
0052. There is a great advantage in immunizing hens with 
a flu virus provided that the immunization confers protection 
against avian flu. 
0053 Avian flu can pass unnoticed or can be characterized 
by a set of manifestations, often of respiratory and/or intesti 
nal nature, of more or less great intensity, which more or less 
impair the general condition of the hens and which can result 
in the animal's death when the virus strain is highly patho 
genic. Avian flu commonly results in a decrease or even a 
disappearance of the egg-laying activity. The low path virus 
strains belonging to the H6N2 or H9N2 or even H5 or H7 
Subtypes are commonly responsible for mild forms of avian 
flu, generally resulting in a decrease or a disappearance of egg 
production, but no great mortality. On the other hand, the high 
path virus strains belonging to the H5 and H7 subtypes (in 
particular H5N1, H5N2, H5N9, H7N1, H7N4 or H7N7) are 
highly virulent and cause a very high degree of mortality in 
hen farms. 
0054 HA is an antigen that is essential in the development 
of protective immunity against the flu. The vaccine used in the 
method according to the invention comprises in its composi 
tion at least the HA of a flu virus in the form of protein and/or 
of a gene encoding this protein. 
0055. The term “gene' is intended to mean a nucleic acid 
comprising nucleotide sequence corresponding to an open 
reading frame (ORF) and encoding a protein. The gene under 
the control of regulatory sequences for expression (promoter, 
enhancer, polyadenylation signal, transcription stop, etc.) can 
be inserted into the nucleic acid of a vector, in particular a 
plasmidor a virus. The regulatory sequences can be of exogen 
or endogen origin with respect to the ORF encoding the 
protein. 
0056. It may involve the HA of a human strain of flu virus 
but which is not pathogenic for hens. Preferably, it contains an 
HA of interest, i.e., an HA which has the same subtype as the 
HA of a viral strain which is responsible for an avian flu and 
against which it is sought to immunize and to protect the hens. 
Preferably, the degree of identity between the protein 
sequence of the HA present in the vaccine and that of the 
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strain against which it is desired to protect the hens is at least 
80%, preferably at least 90%, and even more preferably at 
least 95%, determined by means of an overall alignment 
program (Such as the Blast program). 
0057 Conventionally, the vaccine comprising the HA is in 
the form of a composition containing inactivated whole flu 
virus, or a product derived from the inactivated whole flu 
virus. 

0058. The expression “product derived from an inacti 
vated whole virus is intended to mean an inactivated (i.e. 
noninfectious) vaccinal composition which is prepared from 
a strain of virus and which comprises at least the HA of said 
strain of virus. The product derived from a strain of whole 
virus may be fragmented (or split) virus and, in this case, 
reference is made to a “split' vaccine. Another product 
derived from a strain of whole virus is the HA of this strain as 
such or associated with the NA which has been obtained using 
extraction and purification methods and, in this case, refer 
ence is made to a “subunit' vaccine (EP0776,362). The HA 
may also be integrated secondarily into a virosome. The vac 
cinal composition containing inactivated whole flu virus, or a 
product derived from inactivated whole virus, may also con 
tain one or more adjuvants or adjuvant formulations. As an 
example of nonlimiting adjuvant formulations, mention is 
made of water-in-oil or oil-in-water emulsions, such as the 
MF59 emulsion (Vaccine Design. The Subunit and Adju 
vantApproach Edited by M. Powell and M. Newman, Plenum 
Press, 1995 page 183), liposome-based formulations, and 
formulations based on MPL (Vaccine Design. The Subunit 
and Adjuvant Approach Edited by M. Powell and M. New 
man, Plenum Press, 1995 pages 1186-187), on avridine (Vac 
cine Design. The Subunit and AdjuvantApproach Edited by 
M. Powell and M. Newman, Plenum Press, 1995 page 148), 
on dimethyldioctadecylammonium bromide (Vaccine 
Design. The Subunit and Adjuvant Approach Edited by M. 
Powell and M. Newman, Plenum Press, 1995 page 157), on 
Corynebacterium parvum, on Saponin, on lysolecithin, on 
pluronic derivatives (Hunter H. et al. 1991, vaccine, 9: 250 
256) (Vaccine Design. The Subunit and Adjuvant Approach 
Edited by M. Powell and M. Newman, Plenum Press, 1995 
page 200 and pages 297-311), on aluminum salts or on com 
binations thereof (Vaccine Design. The Subunit and Adju 
vantApproach Edited by M. Powell and M. Newman, Plenum 
Press, 1995 pages 249-276). Preferably, the water-in-oil 
emulsions are composed of liquid paraffin, of a hydrophilic 
surfactant such as polysorbate 80 or polysorbate 85 and of a 
lipophilic Surfactant Such as Sorbitan oleate or Sorbitan tri 
oleate. 

0059 Examples of emulsions used in the hen are 
described in Stone et al. (1983, Avian Dis., 27: 688-697: 
1993: Avian Dis. 37:399-405; 1991, Avian Dis. 35: 8-16); in 
M. Brugh et al. (1983, Am. J. Vet. Res., 44: 72-75); in Wood 
ward L. et al. (1985, Vaccine, 3: 137-144); in (Vaccine 
Design. The Subunit and Adjuvant Approach Edited by M. 
Powell and M. Newman, Plenum Press, 1995 page 219). The 
vaccinal strain generally originates from a wild-type strain 
which has been isolated in hens, turkeys, ducks, geese or in 
otheravian species, this strain most commonly being low path 
for hens. As an example of isolates (wild-type strains) used 
for the preparation of vaccines for protecting hens against 
avian flu subtype H5 or H7, mention is made of the A?turkey/ 
Wisconsin/68 or A/chicken/Italy/22A/98 isolates which are 
viral strains having the H5N9 subtype, the A?turkey/England/ 
N-28/73, A/chicken/Mexico/238/94/CPA, A/chicken/ 
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Mexico/232/94/CPA or A/duck/Potsdam/1402/86 isolates 
which are viral strains having the H5N2 subtype, the A/goose/ 
Guandong/1/1996 isolate which is an HP viral strain having 
the H5N1 subtype, the A/chicken/Italy/AG-473/1999 or 
A/chicken/Italy/1067/1999 isolates which are viral strains 
having the H7N1 subtype, the A/chicken/Pakistan/95 isolate 
which is an HP strain having the H7N3 subtype, and the 
A/duck/Potsdam/15/80 isolate which is a viral strain having 
the H7N7 subtype. As an example of H9N2 viral strains used 
for protecting domestic birds against avian flu Subtype H9. 
mention is made of the A/chicken/Iran/AV12221/98 and 
A/chicken/UAE/415/99 isolates. As an example of an H6N2 
viral strain used for protecting hens against avian flu Subtype 
H6, mention is made of the A?turkey/Italy/90 isolate. The 
vaccinal strains used for the manufacture of vaccines may 
also be reassortants of wild-type strains obtained in particular 
by reverse genetics. Mention is in particular made of the Re-1 
vaccinal Strain which is a reassortant strain obtained by 
reverse recombination of the H5N1 wild-type strain A/goose/ 
Guandong/1/96 with the “master” strain A/PR/8/34, which 
reproduces very well in eggs (Tianet al., 2005, Virology, 341: 
153-162). Another example of a reassortant strain obtained by 
reverse genetics is the H5N3 strain obtained by genetic reas 
sortment and containing the H5 hemagglutinin of the 
A/chicken/Vietnam/C58/04 H5N1 strain, the neuraminidase 
of the A/duck/Germany/1215/73 H2N3 strain and the internal 
genes of the A/PR/8/34“master strain (Webster et al., 2006, 
Virology, 351: 301–311). 
0060. The vaccines against avian flu usually contain the 
virus of a single inactivated flu virus strain (monovalent vac 
cines) but, in certain cases, it may be advantageous to use 
multivalent vaccines containing several inactivated flu virus 
strains. This is in particular a vaccine based on H7N1 and 
H5N9 strains which is a water-in-oil emulsion containing the 
inactivated vaccinal strains A/chicken/Italy/22A/98 (H5N9) 
and A/chicken/Italy/1067/1999 (H7N1). The inactivated vac 
cines may also contain different Valences, for example a diva 
lent vaccine against H9N2 avian flu and Newcastle disease. 
The inactivated vaccines are generally administered parenter 
ally (intramuscularly or Subcutaneously). They can also be 
administered in the form of a spray, as in the case of the 
Aerovac AI vaccine sold by Investigacion Aplicada, which 
contains the inactivated vaccinal strain A/chicken/Mexico/ 
232/94/CPA (H5N2). The immunization scheme usually 
comprises one or two administrations 2 to 4 weeks apart. The 
vaccinal dose administered varies according to the age of the 
animals, but usually contains the equivalent of 10 to 200 ul of 
allantoic fluid having a titer of 10 to 10' EIDs/ml before 
inactivation. The vaccinal dose is usually administered in a 
volume ranging from 0.05 to 1 ml. The preparation of inac 
tivated avian flu vaccines is described by H. Stone (1987, 
Avian Dis. 31: 483-490). Insofar as the vaccinal strain HA 
subtype is the same as that of the HA of the strain responsible 
for pathogenic avian flu, and on the basis of a degree of 
identity between the protein sequences of the two HAs of the 
order of 80% to 90%, determined by means of an overall 
alignment program, the protection rate obtained against the 
clinical symptoms of avian flu (morbidity and mortality) is 
generally more than 80%, and preferably more than 90%. 
This is confirmed by the studies of M. Bublot et al., 2007, 
Avian Dis. 51: 332-337, which show that a degree of identity 
of the order of 80% to 90% between the protein sequence of 
the vaccinal strain HA and the protein sequence of the patho 
genic infecting strain HA is sufficient to obtain this protection 
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rate. Furthermore, it is not necessary for the NA subtype of the 
vaccinal strain to be the same as that of the NA of the patho 
genic infecting strain in order to obtain this protection rate. 
Moreover, the avian flu vaccines greatly reduce the excretion 
of the virus in immunized animals challenged with infectious 
virus, demonstrated by a very clear decrease in the viral load 
observed in oral and cloacal samples (M. Bublot et al., 2007, 
Avian Dis. 51: 332-337). Another beneficial effect of avian flu 
vaccines is that of reducing the diffusion of the virus in hen 
farms. 

0061 According to another embodiment of the method 
according to the invention, the vaccine used to immunize the 
hens is in the form of a composition comprising the virus 
originating from a live attenuated flu virus strain. The vacci 
nal strain is generally in the form of a reassortant which has 
been selected Subsequent to genetic reassortment between a 
wild-type strain expressing the HA of interest and second 
arily the NA of interest, and a “master strain which has been 
cold-adapted and/or which is temperature-sensitive. The 
reassortant is a viral strain which expresses at its Surface the 
HA and secondarily the NA of interest while at the same time 
retaining the phenotypic characteristics of the “master Strain 
which relate to its ability to replicate only within narrow 
temperature limits, below that of the internal temperature of 
birds. As a result, the vaccinal strain, after having been admin 
istered to hens, replicates in a limited manner and locally. The 
methods for obtaining these reassortant strains are well 
known to those skilled in the art and are described in particu 
lar in WO 03/091401 and WO 2006/063053 and in 2002, 
Vaccine 20: 2082-2090. The administration of the vaccine is 
generally carried out by nebulization. Another means of pro 
ducing an attenuated strain is to truncate the gene encoding 
the NS1 protein (Richt J.A. et al., Vaccination of pigs against 
swine influenza viruses by using an NS1-truncated modified 
live-virus vaccine, 2006, J. Virol. 80: 11009-18; Quinlivan 
M. et al., Attenuation of equine influenza viruses through 
truncations of the NS1 protein, 2005, J. Virol. 79: 8431-9). 
0062. The vaccinal strains can be produced by any means, 
using culture techniques on cells such as Vero cells, MDCK 
cells, PER.C6 cells or chicken embryo cells (CEK, PCJ) 
and/or using conventional methods of production on embryo 
nated eggs. The methods for harvesting, purifying and, as 
appropriate, inactivating the virus are also well known to 
those skilled in the art. 

0063. According to another embodiment of the method 
according to the invention, the vaccine is in the form of 
proteins produced in an in vitro expression system. For 
example, the HA can be produced in an expression system 
using a recombined baculovirus in insect cells (Crawford J. et 
al., Baculovirus-derived hemagglutinin vaccines protect 
against lethal influenza infections by avian H5 and H7 sub 
types, 1999, Vaccine, 17: 2265-74). The hemagglutinin can 
also be expressed in vitro in the form of “virus-like particles' 
(VLPs) (Prel A. et al., Assessment of the protection afforded 
by triple baculovirus recombinant coexpressing H5, N3, M1 
proteins against a homologous H5N3 low-pathogenicity 
avian influenza virus challenge in Muscovy ducks, 2007, 
Avian Dis. 51: 484-9; Pushko P. et al., Influenza virus-like 
particles comprised of the HA, NA, and M1 proteins of H9N2 
influenza virus induce protective immune responses in 
BALB/c mice, 2005, Vaccine, 23:5751-9) or of a retrovirus 
based pseudotype (Szecsi J. et al., 2006, Virol. J., 3: 70). The 
proteins produced in vitro or the viral particles produced are 
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more or less purified and then adjuvanted with various adju 
vants, such as those used in inactivated vaccines. 
0064. According to another embodiment of the method 
according to the invention, the flu vaccine comprises a vector 
comprising a nucleic acid fragment encoding the flu virus 
HA 

0065. The term “vector refers to nucleic acid structures 
which can be propagated in and/or transferred into organisms, 
cells or cell components. This includes in particular plasmids, 
viruses, bacteriophages, proviruses, phagemids and artificial 
chromosomes which are capable of replicating autonomously 
or which can integrate into the chromosome of a host cell. 
0.066 The expression “vector comprising a gene encoding 
the flu virus HA and/or NA’ is intended to mean a vector 
containing the nucleic acid encoding the HA and/or NA of 
interest and which, after introduction into an avian cell, 
expresses the HA and/or NA in this cell. It may be a plasmid 
expressing the HA of interest, but it is generally a viral vector 
containing, in its genome, the nucleic acid encoding the HA 
of interest and expressing the HA of interest in the infected 
cells. The integration of the nucleic acid encoding the HA into 
the genome of the viral vector is generally carried out by 
molecular biology techniques, in particular genetic recombi 
nation, cloning, reverse genetics, etc. The HA may or may not 
be expressed at the surface of the viral vector. Preferably, the 
viral vector has been conventionally attenuated by multiple 
passages in vitro or by deletion of certain genes so that the 
replication of the vector virus in avian cells is sufficiently 
limited and has no effect on the general state of the hens and 
is thus considered to be nonpathogenic. As an example of 
viral vectors, mention is made of avian paramyxoviruses (Ge 
J., et al., Newcastle disease virus-based live attenuated vac 
cine completely protects chickens and mice from lethal chal 
lenge of homologous and heterologous H5N1 avian influenza 
viruses, 2007, J Virol. 81: 150-8); the turkey herpesvirus 
(HVT) or Marek's disease herpesvirus (Sondermeijer et al., 
1993, Vaccine, 11, 349-358); the infectious laryngotracheitis 
virus (ILTV) (Veits J., et al., Deletion of the non-essential 
ULO gene of infectious laryngotracheitis (ILT) virus leads to 
attenuation in chickens, and ULO mutants expressing influ 
enza virus haemagglutinin (H7) protect against ILT and fowl 
plague, 2003, J Gen. Virol. 84: 3343-52; Luschow D. et al., 
Protection of chickens from lethal avian influenza A virus 
infection by live-virus vaccination with infectious laryngotra 
cheitis virus recombinants expressing the hemagglutinin 
(H5) gene, 2001, Vaccine, 19: 4249-59); adenoviruses (Fran 
cois A. et al., Avian adenovirus CELO recombinants express 
ing VP2 of infectious bursal disease virus induce protection 
against bursal disease in chickens, 2004, Vaccine, 22: 2351 
60; Gao W. et al., Protection of mice and poultry from lethal 
H5N1 avian influenza virus through adenovirus-based immu 
nization, 2006, JVirol.., 80: 1959-64; Toro H. et al., Protective 
avian influenza in ovo vaccination with non-replicating 
human adenovirus vector, 2007, Vaccine, 25: 2886-91); coro 
naviruses (Cavanagh, 2007, Vet Res. 38: 281-97: Eriksson, 
2006, Clin. Dev. Immunol. 13: 353–60), but use is preferably 
made, for immunizing hens, of poxviruses, in particular the 
vaccinia virus, NYVAC (deleted vaccinia virus), the vaccinia 
virus MVA strain, particularly avipoxes, especially canary 
pox, ALVAC (attenuated canary pox), pigeon pox, quail pox, 
turkey pox, sparrow pox and most particularly fowl pox, 
TROVAC (attenuated fowlpox), which are described in par 
ticular in AU 701599B and AU 701781 Band in U.S. Pat. No. 
5,756,103. As appropriate, the attenuated viral vectors 
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express only the HA of interest: the vaccine involved is in 
particular the vaccine containing a TROVAC fowlpox vector 
expressing the HA of the H5N8 flu virus strain (A/turkey/ 
Ireland/1378/83). In other cases, the attenuated viral vector 
expresses both the HA of interest in combination with an NA 
of interest, Such as the recombinant poxvirus described in 
2003, Avian Pathology, 32: 25-32, which expresses both the 
HA and the NA originating from an H5N1 flu virus strain. An 
NA of interest is an NA which has the same subtype as the NA 
of the viral Strain against which it is sought to immunize and 
protect the hens. In yet other cases, the attenuated vector 
expresses several HAs of interest belonging to different sub 
types, as in the case of the recombinant poxvirus described in 
2006, Vaccine, 24: 4304-4311, which expresses both the H5 
and H7 Subtypes. The immunogenic capacity of these vectors 
can be further reinforced by introducing therein the genes 
encoding cytokines and/or chemokines which exert an immu 
nostimulatory capacity, such as IL-1, IFN, CSF, GM-CSF, 
IL-2, IL-12, IL-18 or TNF 5 (2006, Vaccine, 24:4304-4311). 
The vaccines based on vectors encoding the flu virus HA can 
also be adjuvanted in order to increase their immunogenicity. 
0067. The vaccinal compositions containing viral vectors 
can be administered by various routes, which depend in par 
ticular on the vector: for example, transfixion of the alar 
membrane (poxvirus vector), via the intramuscular, Subcuta 
neous or transdermal route with or without needle (any vec 
tor), via the in ovo route (in the 17- to 19-day embryonated 
egg; for example, HVT/Marek and adenovirus vector), via the 
ocular or oronasal route, by spray, or in the drinking water 
(paramyxovirus, coronavirus, adenovirus vector), in one or 
two injections at least 15 days apart. The vaccinal dose(s) 
administered is (are) of the order of 1 to 7 logo 50% infec 
tious unit with a preference for a dose of 2 to 4 logo for 
fowlpox vectors. The advantage of an immunization based on 
a viral vector compared with a conventional immunization 
using inactivated or attenuated whole flu virus lies in the fact 
that the immunized animals can be distinguished from the 
infected animals. Furthermore, immunization with a viral 
vector promotes the development of a cellular immunity that 
can reinforce the protection of the animals. As is illustrated in 
2007, Avian Dis. 51: 325-331 and 2007, Avian Dis. 51: 
498-500, the degree of protection obtained in the hens and the 
decrease in diffusion of the virus in poultry farms are of the 
same order as that which is observed with a conventional 
vaccine containing inactivated flu virus. 
0068. When the immunization of the hens comprises sev 
eral injections, the vaccine used in the first administration 
may be different than that used in the second injection or the 
subsequent injections. Two different attenuated viral vectors 
may be used, for instance using a recombinant ALVAC vector 
expressing the HA of interest in the first immunization and a 
recombinant TROVAC or NYVAC vector expressing the 
same HA of interest in Subsequent immunizations such that 
the antibody response directed against the ALVAC vector 
does not prevent the infection of the hen cells by the recom 
binant TROVAC or NYVAC vector and, consequently, the 
expression of the HA in the infected cells. It is also possible to 
use the “prime boost method, which consists in using, in the 
first injection, an attenuated viral vector expressing an HA 
and in using, in the boostinjection(s), a vaccine containing for 
example one or more inactivated vaccinal strains belonging to 
the same Subtype as the HA used in the first immunization, or 
alternatively carrying out the process in reverse order. Finally, 
it is possible to carry out a DNA immunization in the first 



US 2011/0212129 A1 

injection, using a plasmid expressing the HA of interest, 
followed by boost injections using a vaccine containing an 
inactivated vaccinal strain and/or an attenuated viral vector 
which express an HA belonging to the same Subtype as the 
HA used in the first immunization or which is identical to the 
HA used in the first immunization. 

0069. Whatever the type of vaccine administered or the 
immunization scheme adopted, the protection of the hens 
against avian flu is provided quite rapidly, generally within a 
period of 7 to 18 days after the administration of a vaccinal 
dose. However, in order to ensure protection of the hens 
against avian flu throughout their egg-laying activity, which 
lasts approximately one year, one or two booster immuniza 
tions, which are carried out within a period of 3 to 16 weeks 
after the first vaccinal administration, are recommended. Sev 
eral immunization schemes with inactivated vaccines can be 
used in egg-laying hens: for example, 2 injections, the first at 
3 to 6 weeks old and the second at 16 to 19 weeks old, just 
before beginning egg laying, or 3 injections, the first around 2 
to 4 weeks, the second 3 to 4 weeks later and the third at 16 to 
19 weeks old just before beginning egg laying. A booster can 
also be administered during egg laying. In the “prime-boost 
scheme using 2 different vaccines, the chicks can be immu 
nized at 1 day old with a fowlpox vector-based vaccine; they 
subsequently receive one (at 16 to 19 weeks old just before 
beginning egg laying) or two (at 3 to 6 weeks old and at 16 to 
19 weeks old just before beginning egg laying) immuniza 
tions with a vaccine containing inactivated flu virus. 
0070. In the implementation of the method according to 
the invention, the eggs are preferably taken from the hens 
once the protection of the hens against avian flu is ensured, 
which usually occurs within a period of 7 to 18 days after the 
administration of the vaccine (Bublot M. et al. (2006, Annals 
of the New York Academy of Sciences 1081: 193-201); Van 
der Goot et al. (2005, Proc. Natl. Acad. Sc., 102: 1814.1-6): 
Ellis et al. (Avian Pathol. 2004, 33, 405-412)). 
0071. Despite the presence of flu antibodies in the eggs of 
immunized hens, especially of antibodies directed against 
HA, and in particular of antibodies inhibiting hemagglutina 
tion (IHA) which block the penetration of the flu virus into 
sensitive cells, the method used for producing flu virus from 
embryonated eggs originating from hens immunized against 
the flu is conventional. 9- to 14-day embryonated eggs, origi 
nating from immunized hens which have been reared prefer 
ably in a controlled environment, are used. The embryogen 
esis process is controlled in the following way: eggs which 
have been conserved at a temperature between 10 and 20°C., 
preferably between 16 and 18°C., for a period which does not 
in general exceed one week after laying, are used. The 
embryogenesis process is triggered by incubating the eggs at 
a temperature of 37.5°C.1°C. in a humid chamber having a 
relative humidity of 70+10% for a period of between 9 and 14 
days. The embryonated eggs are selected by candling, and 
their allantoic cavities are infected with a dose of virus gen 
erally between 2 and 7 logo TCIDso in a small Volume (ap 
proximately 0.1 to 0.2 ml). The virus is allowed to multiply 
for a period generally ranging from 1 to 4 days depending on 
the virulence of the viral strain, and at a temperature which 
can also vary according to the phenotype of the virus strain 
and its degree of cold- or hot-adaptation. The temperature for 
multiplication of the flu virus is generally in a range of from 
28 to 39° C. and normally in a temperature range of from 33 
to 39°C. The infectious allantoic fluids are then harvested and 
processed according to the uses intended to be made thereof. 
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0072 This method can be used to produce a flu virus 
whose HA subtype is different than the subtype of the HA 
contained in the vaccine which was used to immunize the 
hens. This is, for example, the case where the hens are immu 
nized with an inactivated H5N9 virus in order to protect the 
hens against H5 avian flu, while the eggs from these hens are 
infected with an H1N1 or H3N2 flu virus, or even a type B flu 
virus in order to prepare a vaccine against the epidemic forms 
of current human flu. According to a variant of the method 
according to the invention, the HA subtype of the flu virus 
which is produced using the embryonated eggs from immu 
nized hens has a subtype that is different than the HA which 
was used to immunize the hens, but, on the other hand, the NA 
of the flu virus produced has the same subtype as the NA of 
the virus used in the vaccine. This is, for example, the case 
where the hens are immunized with an inactivated H5N1 
virus strain or a recombinant poxvirus expressing H5 and N1 
in order to protect the hens against avian flu, while the 
embryonated eggs from the immunized hens are infected with 
an H1N1 virus strain. 

0073. According to another mode of the method according 
to the invention, the HA of the flu virus produced on embryo 
nated eggs from immunized hens has the same Subtype as the 
HA contained in the vaccine which was used to immunize the 
hens. This is, for example, the case where the hens are immu 
nized with inactivated H5N1 virus or a recombinant poxvirus 
expressing H5, while the eggs from the immunized hens are 
infected with an H5N1 or H5N9 flu virus. Despite the pres 
ence of “subtype-specific crossreactive anti-HA antibodies 
in the egg (this is the case when the HA contained in the 
vaccinal composition has the same Subtype as the HA of the 
flu virus strain infecting the embryonated eggs from immu 
nized hens), this has no negative effect on the replication of 
the virus. 

0074. Furthermore, even more surprisingly, this replica 
tion is also not affected in the case where there is complete 
identity between the flu virus which was used to infect the 
embryonated eggs from immunized hens and the flu virus 
which was used to immunize these hens. In this case, this is 
reflected by the presence in the eggs of a panel of anti-HA 
antibodies which is even broader since both subtype-specific 
crossreactive anti-HA antibodies and anti-HA antibodies that 
are highly specific for the strain (also called strain-specific 
antibodies) are found (see example 3). Contrary to widely 
established opinion, the presence of flu antibodies in the egg 
and, in particular, the presence of anti-HA antibodies does not 
therefore affect the replication of the fluvirus. The amounts of 
virus and/or of hemagglutinating antigen harvested in the 
infected allantoic fluids originating from eggs from hens 
immunized against the flu are of the same order as those 
harvested in infected allantoic fluids originating from eggs 
from nonimmunized hens (see examples 1 and 2). 
0075. The method according to the invention can also be 
taken advantage of for manufacturing a reassortant virus 
strain. In this case, in a first step, embryonated eggs from 
immunized hens are coinfected with a wild-type virus strain 
and a master virus strain which replicates well in embryo 
nated eggs, for instance the A/PR/8/34 strain. In a second 
step, the infected allantoic fluids containing essentially a 
mixture of reassortants and the master strain, while the wild 
type strain which is not as capable of replicating is generally 
in very Small amount, are collected. The reassortant strain 
expressing at the same time the phenotypic characteristics of 
the A/PR/8/34 strain (i.e., its good ability to replicate in 
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embryonated eggs) and the HA and also the NA of the wild 
type strain is then selected with Successive cloning steps by 
mixing at each cloning step the harvested infectious allantoic 
fluid with anti-HA and anti-NA antibodies specific for A/PR/ 
8/34 according to methods well known to those skilled in the 
art. It is also possible to manufacture a cold-adapted and 
heat-sensitive reassortant strain with a view to a live attenu 
ated virus vaccine. In this case, in a first step, embryonated 
eggs from immunized hens are coinfected with a wild-type 
virus strain and a master strain which has the phenotypic 
characteristic of being cold-adapted and heat-sensitive. In 
this case, the temperature for incubation of the infected eggs 
is a temperature that is lower than normal (the temperature is 
commonly below 35°C., or even below 30° C.). In a second 
step, the infected allantoic fluids containing essentially a 
mixture of reassortants and the master strain, since the cold 
sensitive wild-type strain has not replicated, are collected. 
The reassortant expressing at the same time the phenotypic 
characteristics of the master strain (in particular the cold 
adaptation and/or its thermosensitivity) and the HA and also 
the NA of the wild-type strain is then selected with successive 
cloning steps by mixing at each cloning step the harvested 
infectious allantoic fluid with anti-HA and anti-NA antibod 
ies specific for the master strain according to methods well 
known to those skilled in the art. 

0076. The method according to the invention can be car 
ried out as first line for preparing vaccines intended to protect 
breeding colonies of hens and more generally breeding colo 
nies of domestic birds (ducks, turkeys, geese, etc.) against 
avian flu. The viral strains implicated in the asymptomatic or 
mild forms of avian flu may be of any Subtype, and in par 
ticular the H9N2, H6N2, H7N2, H7N3 or H7N1 subtypes. 
They do not cause any Substantial mortality in the breeding 
colonies but may be the cause of a transient decrease in egg 
production. The high path viral strains implicated in the seri 
ous forms of avian flu which cause Substantial mortality in 
breeding colonies belong generally to the H5 and H7 sub 
types, and in particular H5N1, H5N2, H5N8, H5N9, H7N1, 
H7N3, H7N4 or H7N7. 
0077 Generally, the flu virus hemagglutinin contained in 
the vaccinal composition which is used to immunize the hens 
againstavian flu of the method according to the invention and 
the hemagglutinin of the virus which is used to infect the 
embryonated eggs of the method have the same Subtype and 
are selected in particular from the H5, H6, H7 and H9 sub 
types, since it is those which are found principally in the 
strains of virus responsible for avian flu. 
0078. In a specific aspect, the flu virus hemagglutinin con 
tained in the vaccinal composition which is used to immunize 
the hens against avian flu of the method according to the 
invention and the hemagglutinin of the virus which is used to 
infect the embryonated eggs of the method have the same 
subtype and are selected from the H5 and H7 subtypes, since 
it is those which are found in the strains of virus responsible 
for the serious forms of avian flu and of human flu. The strains 
of virus responsible for the serious forms of avian flu and/or 
of human flu which have been characterized generally belong 
to the H5N1, H5N2, H7N1, H7N3 or H7N7 subtypes. 
0079 
0080 
I0081 a) immunizing a hen with an inactivated flu virus, 
wherein the hemagglutinin of the virus has the H5 or H7 
Subtype, 

Thus, very specifically, a subject of the invention is: 
A method for producing the flu virus comprising: 
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0082 b) triggering embryogenesis in one or more eggs 
of the immunized hen, 

0.083 c) infecting the one or more embryonated eggs by 
introducing into the allantoic cavity of the embryonated 
eggs a flu virus identical to that that used for the immu 
nization, 

0084 d) incubating the one or more infected embryo 
nated eggs under temperature and humidity conditions 
that allow replication of the virus, and 

0085 e) harvesting the allantoic fluid containing the 
virus of the one or more incubated eggs. 

0086. When the immunization scheme of the hens com 
prises two injections, the first injection may be made with a 
vaccine composition wherein the inactivated flu virus is 
replaced by a vector, preferably a poxvirus comprising a gene 
encoding the H5 or H7 subtype of hemagglutinin. 
0087. When the infected allantoic fluids are intended for 
the production of a flu vaccine, the method according to the 
invention generally comprises an additional step of purifying 
the virus strain and is optionally followed or preceded by a 
viral inactivation step using methods well known to those 
skilled in the art such as those described in FR 2201079 or in 
FR 1538322. 
I0088. The purification may be brief and may be limited to 
a step of concentrating the virus by centrifugation after hav 
ing generally clarified the infected allantoic fluids. The puri 
fication may be Supplemented with a Zonal centrifugation 
step carried out for example by means of Sucrose density 
gradients (EP 0 7760362). Chromatographic methods may 
also be carried out in order to purify the virus. A suspension of 
purified whole viruses which go to make up the composition 
of the inactivated whole vaccines or of attenuated vaccines is 
thus obtained. 
I0089. The inactivation of the viral suspension can be car 
ried out by conventional means, using B-propiolactone (E. 
Budowsky et al. 1991, Vaccine, 9:319-325; 1991, Vaccine,9: 
398-402: 1993, Vaccine, 11: 343-348), ethyleneimine or 
derivatives (D. King 1991, Avian Dis. 35: 505-514) or formol 
(EPO 776 0362). 
0090 The vaccinal composition based on inactivated 
whole viruses can be formulated with one or more adjuvants. 
Although conventionally these vaccines may be formulated 
with aluminum salts or in a water-in-oil or oil-in-water emul 
sion (in the case of avian flu vaccines), a water-in-oil emul 
sion composed of liquid paraffin, of a hydrophilic Surfactant 
such as polysorbate 80, polysorbate 83 or polysorbate 85 and 
of a lipophilic Surfactant such as Sorbitan oleate, Sorbitan 
sesquioleate or Sorbitan trioleate is normally used. Any adju 
vant capable of increasing the humoral and/or cellular 
response against the flu may be used. As an example of 
nonlimiting adjuvant formulations, mention is made of the 
MF59R) emulsion, the liposome-based formulations, and for 
mulations based on MPL, on Corynebacterium parvum, on 
saponin, on lysolecithin, on pluronic derivatives, or on com 
binations thereof. 
0091. The purified virus suspension may also undergo 
subsequent treatments and “flu virus-derived products' pro 
duced. For example the viral Suspension may be fragmented 
using detergents or lipid solvents according using methods 
well knownto those skilled in the art in order to manufacture, 
for example, vaccines based on fragmented or split viruses, 
Virosomes, or Subunit vaccines containing the flu virus 
hemagglutinin. Fragmented or split viruses, Virosomes that 
contain the hemagglutinin of the flu virus, or subunit vaccines 
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containing the flu virus hemagglutinin derived from the puri 
fied flu virus suspension are considered as “flu virus-derived 
products.” These flu virus-derived products may similarly be 
formulated with one or more adjuvants. 
0092. The vaccines obtained by means of the method 
according to the invention are for use in protecting humans 
and animals against the flu. 
0093. In the veterinary field, the vaccine can be mainly 
used in the avian flu prevention field, but it may also be used 
for preventing or reducing flu symptoms and/or viral secre 
tion in members of the equine family, in particular horses, 
members of the canine family, in particular dogs, members of 
the feline family, in particular cats, members of the porcine 
family, in particular pigs, mustelids, in particular minks and 
ferrets, and avian species, in particular hen, duck, turkey, 
quail, guinea-fowl, goose and ostrich. When the vaccinal 
composition contains an inactivated whole virus strain or a 
derived product, it is generally administered Subcutaneously 
or intramuscularly, or optionally in the form of nebulized 
material in poultry breeding colonies. When the vaccine is in 
the form of a live attenuated virus, it is generally administered 
oronasally, by spray, in the drinking water or as a drop in the 
eye. The immunization scheme generally provides for an 
injection or an injection followed by a booster. The vaccinal 
dose administered depends on the size and the age of the 
animal. It usually contains between 20 and 200 ul of allantoic 
fluid having a titer of 10 to 10" EIDs/ml before inactiva 
tion, injected in a volume of between 0.05 and 1 ml. 
0094. In humans, the vaccine can be used in the field of 
epidemic flu and pandemic flu prevention. While epidemic flu 
affects a human population already sensitized by contact (by 
infection) or by immunization with one (or more) strain(s) of 
flu virus for which there exists an antigenic relationship with 
the HA of the virus strain responsible for the epidemic and in 
which there exists a certain immunity, even if it is only par 
tially effective, pandemic flu affects a human population not 
sensitized to a new strain of virus because the HA of this new 
strain has no or too little an antigenic relationship with the 
prior circulating virus strains. 
0095. The epidemic flu vaccine is intended to protect the 
human population against seasonal flu forms brought about 
by circulating seasonal flu virus strains that have an antigenic 
relationship with prior virus strains that have already circu 
lated. Currently, the flu virus strains responsible for epidemic 
flu, also called epidemic flu strains are of type A and belong to 
the H1N1 or H3N2 subtypes or are of type B. 
0096. The pandemic flu vaccine is intended to prevent the 
infection of the human population against a pandemic flu 
strain, which is a flu virus strain that has no antigenic rela 
tionship in terms of the HA with prior circulating flu virus 
strains. 
0097. The epidemic or pandemic flu vaccine may be in the 
form of a live attenuated vaccine or an inactivated vaccine, 
although an inactivated vaccine is preferred for the prevention 
of pandemic flu. The vaccine may be in the form of a monova 
lent vaccine (vaccine prepared from a single flu virus strain) 
or of a multivalent vaccine (vaccine prepared from several flu 
virus strains). The composition of the epidemic flu vaccine is 
currently in the form of a trivalent vaccine prepared from the 
H3N2 and H1N1 strains and from a type B virus strain. The 
inactivated vaccine is generally in the form of whole virus, of 
fragmented virus (split virus) or of Virosomes, or in a Subunit 
form containing HA, and optionally contains one or more 
adjuvants such as those mentioned above. While the live 
attenuated vaccine is generally administered orally or nasally 
in order to promote the development of mucosal immunity, 
the inactivated vaccine can be administered parenterally (in 
tramuscularly or Subcutaneously), intradermally or even 
mucosally (intranasally), or even by combining two different 
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routes of administration as described in WO 01/22992. The 
immunization scheme generally provides for an injection or 
an injection followed by a booster. The vaccinal dose admin 
istered depends on the age of the individual and on the pres 
ence or absence of an adjuvant. Conventionally, the vaccinal 
dose contains the equivalent of 15ug of HA of each vaccinal 
strain contained in the vaccine. This dose may be reduced to 
approximately 1 to 2 ug of HA when the vaccine is adju 
vanted, or increased to 30 ug of HA or even more in elderly 
individuals or individuals suffering from an immune defi 
ciency. 
0.098 Finally, a subject of the invention also comprises: 
0099. The use of eggs from hens immunized against the 

flu, for the production of flu viruses or for the manufacture of 
a flu vaccine. 
0100. The following examples illustrate in a nonlimiting 
manner various embodiments of the invention. 
0101 FIG. 1 represents the complete nucleotide sequence 
of the donor plasmid pY1394.1. 
0102 FIG. 2 represents the nucleotide sequence of the 
insert in the donor plasmid pY1394.1 comprising the arms 
flanking the insertion locus F8, and also the H6 vaccinia 
promoter followed by the synthetic gene modified at the 
cleavage site encoding the HA of the A/chicken/Indonesia/7/ 
03 strain. 
0103) The various origins of these sequences are the fol 
lowing: 

0.104 From 1 to 53: partial sequence of the cloning 
plasmid comprising the sequence of the M13F primer 
(underlined). 

0105. From 54 to 1483: sequence of the “left arm” 
flanking the F8 insertion locus in the genome of the 
TROVAC fowlpox vector. 

0106 From 1484 to 1568: linker sequence between the 
left arm and the H6 promoter. 

0107 From 1569 to 1692: sequence of the vaccinia 
virus H6 promoter. 

0108) From 1693 to 3387: sequence of the modified 
synthetic HA gene of the A/chicken/Indonesia/7/03 
strain; the amino acid sequence is indicated above the 
nucleotide sequence using the 1-letter code per amino 
acid. 

0109 From 3388 to 3414: linker sequence between the 
HA gene and the right arm comprising a TTTTTAT 
transcription stop sequence of the fowlpox early genes. 

0110. From 3415 to 4790: sequence of the “right arm” 
flanking the F8 insertion locus in the genome of the 
TROVAC fowlpox vector. 

0111. From 4791 to 4885: partial sequence of the clon 
ing plasmid comprising the sequence of the M13R 
primer (underlined). 

EXAMPLE 1. 

Method for Producing Two Vaccinal Strains A/New 
Caledonia/20/99 (H1N1) and A/New York/55/04 
(H3N2) Used to Prepare Vaccines Against Human 
Epidemic Flu. Using Embryonated Eggs from Hens 
which have been Immunized, Either with Two Injec 
tions of an Inactivated Vaccine Containing an Avian 
Flu Virus Strain A/Chicken/Italy/22A/98 (H5N9), or 

by an Injection of a Recombinant Avipoxvirus 
Encoding the HA of an H5N1 Strain Followed by a 
Second Injection of an Inactivated Vaccine Contain 
ing an Avian Flu Virus Strain A/Chicken/Italy/22A/ 

98 (H5N9) 
0112 1.1) Operating Protocol 
0113 1.1.1) Construction of the Recombinant Vector 
VFP2211 
0114 VFP2211 is a recombinant fowlpox virus, into the 
genome of which has been inserted a synthetic gene encoding 
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the hemagglutinin (HA) of the A/chicken/Indonesia/7/03 
H5N1 strain. The HA gene was synthesized so as to obtain an 
open reading frame which encodes an amino acid sequence 
identical to the native sequence of the A/chicken/Indonesia/ 
7/03 strain described in the GenBank nucleotide sequence 
database under the reference EF473080 (or the GenPept pro 
tein sequence database under the reference ABO30346), with 
the exception of the cleavage site. The RERRRKKRGamino 
acid sequence located between positions 339 and 347 (corre 
sponding to the cleavage site of a high path strain) was 
replaced with the RE - - - TRG sequence. This cleavage site 
thus modified corresponds to the cleavage site of the low path 
strains of subtype H5. 
0115. In a first step, a donor plasmid pY1394.1 compris 
ing the modified synthetic HA gene under the control of the 
H6 vaccinia promoter (Taylor J. et al., Vaccine, 1988, 6: 
504-508; Guo P. et al., J. Virol., 1989, 63: 4189-4198: Perkus 
M. et al., J. Virol., 1989, 63:3829-3836) and bordered by the 
flanking arms of the F8 insertion locus so as to allow insertion 
of the HA gene into the F8 insertion locus of the fowlpox 
vector genome, was constructed. The F8 insertion locus cor 
responds to the fowlpox gene encoding photolyase described 
by Srinivasan and Tripathy (2005, Veterinary Microbiology 
108: 215-223); this gene is also described under the name 
FPV158 in the complete sequence of the fowlpox genome 
(GenBank, reference AF198100). The insertion of the HA 
gene and of the H6 promoter into the F8 locus results in the 
deletion of the FPV158 gene from the recombinant fowlpox 
virus genome. The complete nucleotide sequence of the plas 
mid pY1394.1 and also the series of nucleotide sequences 
bordering the HA gene (which also appear in the complete 
sequence of the plasmid) are described respectively in FIGS. 
1 and 2. 

0116. The recombinant virus VFP2211 was then obtained 
by double recombination between the flanking arms of the 
plasmid pY1394.1 and the fowlpox genome. For this, pri 
mary chicken embryo cells were transfected with the plasmid 
pjY1394.1 linearized with NotI and infected (multiplicity of 
infection of 10) with the parental fowlpox strain (TROVAC 
vector). The TROVAC vector derives from the vaccinal strain 
of the Diftosec vaccine produced by Merial against fowlpox 
in chickens. The recombinant viruses were selected by spe 
cific hybridization on lysis plaques with a probe for detecting 
the inserted HA gene. The VFP2211 thus isolated was then 
produced in rolling bottles on chicken embryo cells. 
0117 1.1.2) Preparation of the Inactivated H5N9 Vaccine 
0118. The inactivated H5N9 vaccine consisting of the low 
path A/chicken/Italy/22A/98 H5N9 strain (provided by the 
laboratory of Ilaria Capua (Istituto Zooprofilattico Sperimen 
tale delle Venezie, Laboratorio Virologia, Padua, Italy)), 
which was produced on embryonated eggs and inactivated 
with beta-propiolactone (BPL), and of a water-in-oil emul 
sion composed of liquid paraffin, of Sorbitan oleate and of 
polysorbate 80, was prepared according to a method equiva 
lent to that described by H. Stone (1987, Avian Dis. 31: 
483-490). The HLB (lipophilic hydrophilic balance) of the 
mixture of surfactants of the emulsion has a value of 5.3. A 
vaccinal dose is equivalent to 60 ul of allantoic fluid having a 
titer of 10. EIDs/ml before inactivation. 
0119) 1.1.3) Immunization of Egg-Laying Hens 
0120) Two groups (G1 and G2) of 1-day (DO) Leghorn 
chicks, having the “specific pathogen free” (SPF) status, were 
formed. The following immunization scheme was applied to 
group G1: the 1-day (DO) chicks received subcutaneously, at 
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the base of the neck, using an insulin Syringe, 0.2 ml of a viral 
suspension of VFP2211 having a titer of 3.0 log. CCIDs/0.2 
ml. At the age of 8 weeks (W8) the chickens were sexed. 
Approximately 25 pullets and 16 roosters were conserved and 
put together. At the age of 17 weeks (W17) they received a 
booster injection of a vaccinal dose in a volume of 0.5 ml of 
the monovalent inactivated H5N9 vaccine. 
I0121 The following immunization scheme was applied to 
group G2: the 3-week-old SPF chicks received, by IM injec 
tion, in the wishbone, using an insulin Syringe, a vaccinal dose 
in a volume of 0.3 ml of the monovalent inactivated H5N9 
vaccine. 
I0122. At the age of 8 weeks (W8), the chickens were 
sexed. Approximately 25 pullets and 16 roosters were con 
served and put together. At the age of 17 weeks (W17) they 
received a booster injection of a vaccinal dose in a Volume of 
0.5 ml of the monovalent inactivated H5N9 vaccine. 
I0123 1.1.4) Protocol for Infection of Eggs Originating 
from the Hens of Groups G1 and G2 and from Nonimmunized 
Hens, with the A/New Caledonia/20/99 IVR-116 (H1N1) or 
A/New York/55/04 X-157 (H3N2) Virus Strains 
0.124. The ability of the reassortant vaccinal strains A/New 
Caledonia/20/99 (xPR8) called A/New Caledonia/20/99 
IVR-116 (H1N1) and A/New York/55/04 (xPR8) called 
A/New York/55/04X-157 (H3N2) to replicate was evaluated 
in the eggs from the hens of group G1 which were laid at 
40-41 (test 2) and 49-50 (test3) weeks of age and in the eggs 
from the hens of group G2 which were laid at 26-27 (test 1), 
40-41 (test 2) and 49-50 (test 3) weeks of age. In parallel, the 
ability of the virus strains A/New Caledonia/20/99 (xPR8) 
(H1N1) and A/New York/55/04 (XPR8) (H3N2) to replicate 
was evaluated in the same manner in the control eggs derived 
from nonimmunized SPF hens (control group). 
0.125 All the eggs laid during the week were conserved in 
a temperature-controlled chamber (12 to 15°C.). The eggs of 
the same test and originating from the same group of animals 
were grouped together and then the embryogenesis process 
was triggered by incubating the eggs for 10 days at 37-38°C. 
in a chamber in which the relative humidity was approxi 
mately 70-80%. After incubation for 10 days, the vitality of 
the embryo was verified in each egg by means of a candling 
device, and the allantoic cavity was pinpointed with a cross. 
The embryonated eggs of the same test and originating from 
the same group of animals were grouped together in pools of 
8 eggs. The embryonated eggs of the same pool were infected 
with the same infectious dose of flu virus injected in a volume 
of 200 ul at the level of the cross after having disinfected and 
then pierced the shell of the egg. Infectious doses of 10°, 10 
and 10" EIDs (egg infectious dose 50%) of A/New Cale 
donia/20/99 (xPR8) (H1N1) and A/New York/55/04 (xPR8) 
(H3N2) virus were tested. Infectious doses of 10 and 10 
EIDso per egg were tested in the eggs of tests 1 and 2. Infec 
tious doses of 10° and 10 EIDso per egg were tested in the 
eggs of test 3. The infected embryonated eggs were then 
incubated at 34° C. for 48 hours in a chamber in which the 
relative humidity was 80%, and then placed at +4° C. over 
night. The infected allantoic fluid was then taken from each 
egg. The infecting titer was evaluated on each allantoic fluid 
taken by measuring the HAU (hemagglutinating unit) titer. 
Turkey red blood cells were used to measure the HAU titers of 
the allantoic fluids infected with the A/New York/55/04 
(xPR8) (H3N2) strain. Hen red blood cells were used to 
measure the HAU titers of the allantoic fluids infected with 
A/New Caledonia/20/99 (xPR8) (H1N1). The HAU titer was 
expressed by the inverse of the last dilution of the infected 
allantoic fluid which showed visible hemagglutination in the 
presence of a suspension of hen or turkey red blood cells at 
0.5% in phosphate buffer. 
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0126 1.2) Results 
0127. The means of the HAU titers obtained in the eggs 
originating from the various groups of immunized and non 
immunized hens as a function of the infectious dose of virus 
injected into the eggs and as a function of the time at which the 
eggs were sampled are given in tables I and II. 

TABLE I 

Hemagglutinating titers obtained in the allantoic 
fluids as a function of the infecting dose of A/New 

Caledonia 2099 (XPR8) (H1N1) used, of the origin of the 
eggs (G1, G2, nonimmunized control) and of the moment 

at which the eggs were laid (test 1, test 2, test 3). 

Infecting dose 
(EIDso egg) 1OO 1OOO 10 OOO 

Group test 3 test 1 test 2 test 3 test 1 test 2 

Nonimmunized 640* 1 OSO 1660 128O 861 1522 
control 

G1 (vFP2211/ 1140 NA 1974 830 NA 1974 
Vac. Inact. H5N9) 
G2 (Vac. Inact. 806 905 1660 1159 90S 1974 
HSN9, Vac. 

Inact. H5N9) 

*Hemagglutinating titer (HAU) expressed in the form of the geometric mean of 8 HAU 
titers/50 ul obtained on the allantoic fluids of the 8 eggs included in each condition. 
NA: Not applicable 

TABLE II 

Hemagglutinating titers obtained in the allantoic fluids as a function 
of the infecting dose of A/New York/55/04 (xPR8) (H3N2) used, of 
the origin of the eggs (G1, G2, nonimmunized control) and of the 

time at which the eggs were laid (test 1, test 2, test 3 

Infecting dose (EIDso egg 

100 1OOO 10 OOO 

Group test 3 test 1 test 3 test 1 

Nonimmunized control 211: 861 349 830 
G1 (vFP2211/Vac. Inact. H5N9) 88 NA 254 NA 
G2 (Vac. Inact. H5N9/Vac. 254 987 557 84.4 
Inact. H5N9) 

*Hemagglutinating titer (HAU) expressed in the form of the geometric mean of 8 HAU 
titers/50 ul obtained on the allantoic fluids of the 8 eggs included in each condition. 
NA: Not applicable 

0128. The results obtained in tables I and II show that the 
means of the HAU titers of the allantoic fluids of the eggs 
originating from immunized hens (G1 and G2) are equivalent 
to the means of the HAU titers of the allantoic fluids of the 
eggs originating from nonimmunized hens. 
0129. A statistical analysis was carried out in order to 
study the immunization and dose factors. The individual val 
ues of the HAUs were converted to log and then analyzed 
using a model of variance. The variance heterogeneity was 
tested using the test for reduced size, performed with the 
residues of the model (SAS v8.2 software). 
0130. The statistical analysis carried out on the individual 
values of the HAU titers showed that there was no immuni 
zation effect. Neither was there any effect related to the dose 
of virus which was used to infect the eggs. The HAU titers did 
not substantially fluctuate during the egg-laying period stud 
ied (ranging from 26 weeks (test 1) to 50 weeks (test 3)). 
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EXAMPLE 2 

Method for Producing Two Pandemic Vaccinal 
Strains A/Chicken/Italy/22A/98 (H5N9) and A/Viet 
nam/1194/04 NIBRG14 (H5N1) Using Embryonated 
Eggs from Hens which have been Immunized, Either 
with Two Injections of an Inactivated Vaccine Con 
taining an Avian Flu Virus Strain A/Chicken/Italy/ 
22A/98 (H5N9), or with an Injection of a Recombi 
nant Avipoxvirus Encoding the HA of an H5N1 

Strain Followed by a Second Injection of an Inacti 
vated H5N9 Vaccine Containing an Avian Flu Virus 

Strain 

I0131 2.1.1) Immunization of Hens 
0.132. The protocol for immunizing the hens was identical 
to that which was used in example 1. 
0.133 2.1.2) Protocol for Infection of Eggs Originating 
from the Hens of Groups G1 and G2 and from Nonimmunized 
Hens, with the A/Chicken/Italy/22A/98 (H5N9) and A/Viet 
nam/1194/04 NIBRG14 (H5N1) Virus Strains 
I0134. The infection protocol was the same as that which 
was used in example 1, except for the following modifica 
tions: 
I0135. The low path A/chicken/Italy/22A/98 (H5N9) avian 
strain originating from the Laboratoire Istituto Zooprofilat 
tico Sperimentale delle Venezie, Laboratorio Virologia, 
Padua, Italy and an attenuated pandemic reassortant vaccinal 
strain A/Vietnam/1194/04 NIBRG14 (H5N1) were used to 
infect the eggs. The latter strain was provided by the National 
Institute for Biological Standards and Control (NIBSC) labo 
ratory, South Mimms, Potters Bar, Herts EN63QG, UK and 
was obtained by reverse genetics, as is described by C. Nicol 
son et al., Generation of influenza vaccine viruses on Vero 
cells by reverse genetics: an H5N1 candidate vaccine strain 
produced under a quality system, 2005, Vaccine, 23:2943 
2952. 
0.136) Infectious doses of 10, 10, 10 and 10 EIDs (egg 
infectious dose 50%) were tested for these two strains. Infec 
tious doses of 10, 10' and 10 EIDso per egg were tested in 
the eggs of test 1. Infectious doses of 10 and 10 EIDso per 
egg were tested in the eggs of test 2. Infectious doses of 10° 
and 10. EIDso per egg were tested in the eggs of test 3. 
0.137 Hen red blood cells were used to measure the HAU 

titers of the allantoic fluids infected with A/chicken/Italy/ 
22A/98 (H5N9) or A/Vietnam/1194/04 NIBRG14 (H5N1). 
I0138 2.2) Results 
0.139. The HAU titers obtained in the eggs originating 
from the various groups of immunized and nonimmunized 
hens, as a function of the infectious dose of virus injected into 
the eggs and as a function of the time at which the eggs were 
taken, are given in tables III and IV. 

TABLE III 

Hemagglutinating titers obtained in the allantoic 
fluids as a function of the infecting dose of 

A?chicken/Italy/22A/98 (H5N9) used, of the origin of 
the eggs (G1, G2, nonimmunized control) and of the 
time at which the eggs were laid (test 1, test 2, test 3 

Infecting 
dose 

(EIDso egg) 100 1OOO 10 OOO 1OOOOO 

Group test 3 test 1 test 3 test 1 test 2 test 1 test 2 

Nonimmunized 35* 53 32 53 64 S4 53 
control 
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TABLE III-continued 

Hemagglutinating titers obtained in the allantoic 
fluids as a function of the infecting dose of 

A?chicken/Italy/22A/98 (H5N9) used, of the origin of 
the eggs (G1, G2, nonimmunized control) and of the 
time at which the eggs were laid (test 1, test 2, test 3 

Infecting 
dose 

(EIDso egg) 100 1OOO 10 OOO 1OOOOO 

Group test 3 test 1 test 3 test 1 test 2 test 1 test 2 

G1 (vFP2211/ 
Vac. Inact. 
H5N9) 

G2 (Vac. Inact. 
HSN9, Vac. 

Inact. H5N9) 

64 NA S4 NA 59 NA 86 

102 64 57 59 70 102 59 

*Hemagglutinating titer (HAU) expressed in the form of the geometric mean of 8 HAU 
titers/50 ul obtained on the allantoic fluids of the 8 eggs included in each condition. 
NA: Not applicable 

TABLE IV 

Hemagglutinating titers obtained in the allantoic fluids as a function 
of the infecting dose of A Vietnam 1194,04 (H5N1) RG14 used, of 
the origin of the eggs (G1, G2, nonimmunized control) and of the 

time at which the eggs were laid (test 1, test 2, test 3 

Infecting dose (EIDso egg 

1OOO 10 OOO 1OOOOO 

Group test 1 test 1 test 2 test 1 test 2 

Nonimmunized control 1948 232 197 172 181 
G1 (vFP2211/Vac. Inact. NA NA 197 NA 166 
H5N9) 
G2 (Vac. Inact. 152 279 215 181 235 
H5N9/Vac. Inact. H5N9) 

*Hemagglutinating titer (HAU) expressed in the form of the geometric mean of 8 HAU 
titers/50 ul obtained on the allantoic fluids of the 8 eggs included in each condition. 
NA: Not applicable 

0140. The results given in tables III and IV and also the 
statistical analysis show that the HAU titers of the allantoic 
fluids originating from the eggs from the immunized hens (G1 
and G2) are similar to the HAU titers of the allantoic fluids of 
the eggs from the nonimmunized hens, even in the situation 
where the hens were immunized with a strain identical to that 
which was used to infect the embryonated eggs originating 
from these hens (in the case of groups G1 and G2 immunized 
with the A/chicken/Italy/22A/98 (H5N9) strain). There is no 
effect, either, related to the dose of virus which is used to 
infect the eggs. The HAU titers did not substantially fluctuate 
during the egg-laying period studied (ranging from 26 weeks 
(test 1) to 50 weeks (test 3)). 
0141. The statistical analysis was carried out as in example 
1. 

EXAMPLE 3 

Analysis of the Anti-H5 Maternal Antibody 
Response in the Eggs from Hens Which Have Been 
Immunized with the A/Chicken/Italy/22A/98 (H5N9) 

Vaccinal Strain 

0142. 3.1) Operating Protocol 
0143. The presence of anti-H5 antibodies in the eggs from 
the hens of groups G1 and G2 which were immunized with 
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the A/chicken/Italy/22A/98 (H5N9) strain was measured 
according to the protocol described in paragraph 1.1.1). In 
parallel, the anti-H5 response was also analyzed in the yolks 
of eggs from nonimmunized hens (control group). 
0144. The anti-H5 response was analyzed in the yolks of 
eggs (or Vitelline fluids) which were taken at the time of tests 
1 (W26-27), 2 (W40-41) and 3 (W49-50). The analysis of the 
anti-H5 response in the yolks of eggs of test 1 was carried out 
before embryogenesis (DO) and after embryogenesis (D10) 
(i.e. after the phase of incubation for 10 days at 37°C.). The 
analysis of the anti-H5 responses in the yolks of eggs of tests 
2 and 3 was carried out only after embryogenesis (D10). The 
same analysis was also carried out with eggs originating from 
nonimmunized hens (see paragraph 3.2.2)). The anti-H5 
response was also studied in the allantoic fluids of the eggs of 
test 2 after embryogenesis (D10). The egg yolks were 
removed by suction using a pipette with a disposable tip. With 
the exception of test 1, where the egg yolks were kept frozen 
without having been prediluted, the egg yolks of tests 2 and 3 
and the allantoic fluids were prediluted to /5th in phosphate 
buffer before freezing. The diluted egg yolks and the allantoic 
fluids were conserved frozen until the time of the anti-H5 
antibody assay which was carried out using the method of 
assaying by inhibition of hemagglutination (IHA) of hen red 
blood cells which takes place in the presence of the 
A/chicken/Italy/22A/98 (H5N9) strain. The assay was based 
on the ability of the neutralizing antibodies directed specifi 
cally against the HA of the virus to inhibit the “hemaggluti 
nating activity of the virus. In this test, anti-A/Vietnam/ 
1194/04 sheep serum provided by the NISBC was used as 
positive control and naive mouse serum was used as negative 
control. Successive two-fold dilutions of the samples (diluted 
egg yolks or allantoic fluids) were carried out in a conical 
bottomed microplate in order to obtain 50 ul of each of the 
dilutions per well. 50 ul of a viral suspension having a titer of 
4 hemagglutinating units (4HAU) and originating from a 
clarified allantoic fluid which was infected with the 
A/chicken/Italy/22A/98 (H5N9) strain provided by the labo 
ratory of Ilaria Capua (Istituto Zooprofilattico Sperimentale 
delle Venezie, Laboratorio Virologia, Padua, Italy), were 
added to each well. This was left to incubate for 1 hour at 
laboratory temperature before adding 50 ul of a solution of 
hen red blood cells at 0.5% in phosphate buffer. After leaving 
to stand for 1 hour at +4°C., the test was read. The presence 
of inhibition of hemagglutination was reflected by the pres 
ence of a red spot at the bottom of the microwell, while the 
presence of hemagglutination was reflected by the presence 
of a pinkish halo in the microwell. The IHA antibody titer was 
represented by the inverse of the last dilution where no 
hemagglutination is observed in the microwell. 
(0145 3.2) Results 
0146 3.2.1) Analysis of the Anti-H5 Response in the Egg 
Yolks of Test 1 

0.147. At D0, 8 of the 8 egg yolks analyzed of the nonim 
munized group were negative in the IHA test, whereas 6 of the 
8 egg yolks originating from group 2 were positive in the IHA 
test, which indicated the presence of anti-H5 antibodies. 
0.148. At D10, 4 of the 4 egg yolks analyzed of the non 
immunized group were negative in the IHA test, whereas 4 of 
the 4 egg yolks originating from group 2 were positive in the 
IHA test. 
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0149 3.2.2) Analysis of the Anti-H5 Response in the Egg 
Yolks and the Allantoic Fluids of Test 2 

0150. At D10, 5 of the 5 egg yolks analyzed of the non 
immunized group were negative in the IHA test, whereas 4 of 
the 5 egg yolks originating from group 1, and 4 of the 5 egg 
yolks originating from group 2, were positive in the IHA test, 
which indicated the existence of anti-H5 antibodies in these 
groups. The individual values of the IHA titers obtained are 
given in table V. 

TABLEV 

IHA titers for the yolks of eggs taken after embryogenesis (D 10 

Egg yolks D 108 

Group 1 160 
(vFR2211/Vac. Inact. H5N9) 8O 

320 

Group 2 8O 
(Vac. Inact. H5N9/Vac. 160 
Inact. H5N9) 40 

40 

Nonimmunized group <5 

*The titers at D 10 originate from different egg yolks 

0151. On the other hand, all the allantoic fluids originating 
from groups 1 and 2 were negative in the IHA test, which 
means that there were no antibodies inhibiting the hemagglu 
tination of the H5N9 flu virus that were detectable in the 
allantoic fluids. 

0152 3.2.3) Analysis of the Anti-H5 Response in the Egg 
Yolks of Test 3 

0153. At D10, 5 of the 5 egg yolks analyzed of the non 
immunized group were negative in the IHA test, whereas 5 of 
the 5 egg yolks originating from group 1 were positive in the 
IHA test. 

0154) 
table VI. 

The individual values of the IHA titers are given in 

TABLE VI 

IHA titers of the yolks of eggs taken after embryogenesis 
D 10) as a function of the origin of the eggs 

Egg yolks D 10 

Group 1 8O 
(vFP2211/Vac. Inact. H5N9) 8O 

160 
5 

320 
Nonimmunized group <5 

<5 

0155. In conclusion, on the basis of the results of examples 
2 and 3, the presence of maternal anti-H5N9 antibodies, 
which was revealed in the egg yolks of the 3 tests, has no 
effect on the viral productivity of the allantoic fluids infected 
with an H5N1 or H5N9 Strain. 
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EXAMPLE 4 

Analysis of the Serological Response of Hens Immu 
nized with the A/Chicken/Italy/22A/98 (H5N9) Vac 
cinal Strain and of the Maternal Anti-H5 Antibodies 
Present in the Eggs from These Immunized Hens 

0156 Blood samples were taken, at 28 and 36 weeks of 
age, from the immunized hens of groups 1 and 2. The eggs 
laid by these hens were collected at weeks 27 and 37 in order 
to evaluate the importance of the transfer of the maternal 
antibodies into the egg yolks. The anti-H5 antibody response 
was evaluated by means of the hemagglutination inhibition 
test using as antigen the A/chicken/Italy/22A/98 H5N9 strain 
homologous to the inactivated vaccine strain. The results are 
expressed as logo in table VII. 

TABLE VII 

Hemagglutination-inhibiting antibody tilters (A'chicken/Italy/22A/98 
H5N9 antigen) in the serum of immunized egg-laying hens and 

in the Vitellus of the eggs laid by these hens 

Serum Vitellus Serum Vitellus 
Weeks of age 28 27 36 37 

G1 2.10 O.61 1960.94 1.92 O. 91 1.63 - 0.89 
(15): (21)** (15) (10) 

G2 2.20 O.62 1.81 - 0.88 2.26 - 0.65 143 O.89 
(15) (13) (15) (14) 

geometric mean of the hemagglutination-inhibiting antibody titers, expressed as log10 + 
standard deviation (number of samples tested per group) 

the lowest dilutiontested on the vitelli is /10(1 logo); for the calculation of the means and 
standard deviation, the values of the eggs that were negative at the /10 dilution were placed 
at 0.7 logo. 

TABLE VIII 

Hemagglutination-inhibiting antibody tilters (A?turkey/Wisconsin/68 
H5N9 antigen) in the vitellus of the eggs laid by 

the immunized hens of groups 1 and 2 

Vitellus 
Weeks of age 27 

G1 1.67 O.79 
(21)* 

G2 1.39 O.80 
(13) 

geometric mean of the hemagglutination-inhibiting antibody titers, expressed as log10 + 
standard deviation (number of samples tested per group); the lowest dilution tested is /10 (1 
logo); for the calculation of the means and standard deviation, the values of the eggs that 
were negative at the /10 dilution were placed at 0.7 logo. 

0157. These results confirm the transmission of the mater 
nal antibodies into the egg yolks of the eggs laid by the 
immunized hens of groups 1 and 2. 
0158. The homologous anti-H5N9 antibody titers (table 
VII) in the Vitellus are greater than the heterologous anti 
H5N9 titers (table VIII), although this difference is not sta 
tistically significant. 

EXAMPLE 5 

Production of the A/Turkey/Wisconsin/68 H5N9 
Strain on Eggs Laid by Hens Immunized with an 

Inactivated H5N9 Vaccine (A/Chicken/Italy/22A/98 
Strain) of Group 2 

0159) 5.1. Operating Protocol 
0160 The eggs (approximately 220-230) from the hens of 
group 2 immunized twice at 3 and 17 weeks of age with the 
inactivated H5N9 vaccine (A/chicken/Italy/22A/98 strain) 
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were taken during weeks 28 and 29. These eggs, after storage 
at controlled temperature (between 12 and 15° C.), were 
incubated at 37° C. for 11 days. After candling in order to 
Verify that the embryos had good viability, the eggs were 
inoculated in the allantoic cavity with 0.2 ml of a dilution of 
a stock viral solution of the A?turkey/Wisconsin/68 H5N9 
strain having a titer of 9.68 logo EIDs/ml (inoculum). Seven 
groups of approximately 30 eggs were formed. Four groups 
(G1 to G4) were inoculated with the following dilutions of the 
inoculum: 10, 10, 10 and 10°. Three other groups (G5 
to G7) were inoculated with the 10 dilution of the inoculum. 
After inoculation, the eggs were incubated at 37° C.1.5°C. 
in 70%+10% humidity. After incubation for 20 h, the eggs 
were candled in order to eliminate the dead eggs derived from 
the inoculation and they were then reincubated under the 
same conditions. Forty-two hours after the inoculation, the 
eggs were placed in the cold before harvesting the allantoic 
fluid. The allantoic fluids of the eggs of groups 1 to 4 were 
pooled (one pool of fluid per group). The allantoic fluids of 
the 4 groups of eggs were stored at -70° C. before being 
titered in terms of hemagglutinating units and of egg infec 
tious dose 50% (EIDs). 
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5.2. Results 
The results are given in table IX. 

(0161 
(0162 

TABLE IX 

Hemagglutinating and infectious titers obtained after production 
of the A?turkey/Wisconsin/68 H5N9 strain on eggs originating 
from hens immunized with an inactivated vaccine containing 

the A/chicken/Italy 22A/98 HSN9 strain 

Inoculum Titer in hemagglutinating Infectious titer 
Group dilution units (logo) EIDso (logo/ml) 

1 10-5 2.25 9.SO 
2 10-4 240 9.33 
3 1O-3 2.25 9.67 
4 102 240 9.88 

0163 These results show very similar titers between the 
groups and there is therefore no effect of the dilution of the 
inoculum. Furthermore, the titers obtained are very high and 
are comparable to those obtained on eggs having no maternal 
anti-H5N9 antibodies (historical laboratory data). These 
results therefore confirm that, under the conditions tested, the 
presence of maternal antibodies in the eggs does not interfere 
with the production of a flu virus of the same subtype. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEQ ID NOS: 5 

<21 Os SEQ ID NO 1 
&211s LENGTH: 564 
212s. TYPE: PRT 
<213> ORGANISM: Avian influenza virus 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) . . (564) 

synthetic HA gene 
the HA protein of 

< 4 OOs SEQUENCE: 1 

Met Glu 
1. 

Ile Wall 
5 

Ala Ile 
1O 

Lys Lieu. Luell Lell Wall Ser 

Glin Ile Ile Ala 
25 

Asp Cys His Asn. Asn. Ser Gly 

Thir Ile 
35 

Met Glu Wall 
4 O 

Asp ASn Thir Wall. Thir His 
45 

Glu 
SO 

Thir Luell 
60 

Luell His Asn Gly Lell 
55 

Cys Asp 

Pro Lieu. Ile Lieu. Ser Wall Ala 
65 

Arg Asp 
70 

Gly 
7s 

Trp 

Met Glu 
85 

Phe Ile Wall Pro Glu 
90 

Pro Asp Asn Trp 

Glu Ala Ala Lell Pro 
105 

Asn. Pro ASn Asp Cys Tyr 

Glu 
115 

Glu Lieu. Luell Ser Ile 
12O 

Asp Luell His Arg 

Ile 
13 O 

Glin Ile Ile Pro Llys Ser Ser Ser 
135 

Trp Asp 
14 O 

Ser Gly Val Ser Ser Ala Pro Tyr Glin Gly 

Luell 

Thir 

Ala 

Asp 

Luell 

Ser 

Gly 

Asn 
125 

His 

Ser 

at the level of the cleavage site; 
theA/chicken/Indonesia/7/03 avian flu virus 

Wall 

Glu 

OTHER INFORMATION: Amino acid sequence encoded by the modified 
sequence of 

Llys Ser 
15 

Glin Wall 
3 O 

Glin 

Gly 

Tell 

ASn 

Asp Ile 

Wall 

Gly 

Ile 
95 

Wall 

Lieu. Asn 
110 

His 

Glu 

Ser 

Phe Glu 

Ala Ser 

Phe Phe 
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145 150 155 160 

Arg Asn Val Val Trp Lieu. Ile Llys Lys Asn. Ser Ala Tyr Pro Thir Ile 
1.65 17O 17s 

Lys Arg Ser Tyr Asn. Asn. Thir Asn Glin Glu Asp Lieu. Lieu Val Lieu. Trp 
18O 185 19 O 

Gly Ile His His Pro Asn Asp Ala Ala Glu Glin Thr Arg Lieu. Tyr Glin 
195 2OO 2O5 

Asn Pro Thir Thr Tyr Ile Ser Val Gly Thr Ser Thr Lieu. Asn Glin Arg 
21 O 215 22O 

Lieu Val Pro Lys Ile Ala Ile Arg Ser Llys Val Asn Gly Glin Ser Gly 
225 23 O 235 24 O 

Arg Met Glu Phe Phe Trp Thir Ile Lieu Lys Pro Asn Asp Ala Ile Asn 
245 250 255 

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile 
26 O 265 27 O 

Val Llys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Lieu. Glu Tyr Gly 
27s 28O 285 

Asn Cys Asn Thr Lys Cys Glin Thr Pro Met Gly Ala Ile Asin Ser Ser 
29 O 295 3 OO 

Met Pro Phe His Asn Ile His Pro Leu. Thir Ile Gly Glu. Cys Pro Llys 
3. OS 310 315 32O 

Tyr Val Lys Ser ASn Arg Lieu Val Lieu. Ala Thr Gly Lieu. Arg ASn Ser 
3.25 330 335 

Pro Glin Arg Glu Thir Arg Gly Lieu. Phe Gly Ala Ile Ala Gly Phe Ile 
34 O 345 35. O 

Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His His 
355 360 365 

Ser Asn. Glu Glin Gly Ser Gly Tyr Ala Ala Asp Llys Glu Ser Thr Glin 
37 O 375 38O 

Lys Ala Ile Asp Gly Val Thr Asn Llys Val Asn. Ser Ile Ile Asp Llys 
385 390 395 4 OO 

Met Asn Thr Glin Phe Glu Ala Val Gly Arg Glu Phe Asn. Asn Lieu. Glu 
4 OS 41O 415 

Arg Arg Ile Glu Asn Lieu. Asn Llys Llys Met Glu Asp Gly Phe Lieu. Asp 
42O 425 43 O 

Val Trp Thir Tyr Asn Ala Glu Lieu. Lieu Val Lieu Met Glu Asn. Glu Arg 
435 44 O 445 

Thir Lieu. Asp Phe His Asp Ser Asn. Wall Lys Asn Lieu. Tyr Asp Llys Val 
450 45.5 460 

Arg Lieu. Glin Lieu. Arg Asp Asn Ala Lys Glu Lieu. Gly Asn Gly Cys Phe 
465 470 47s 48O 

Glu Phe Tyr His Lys Cys Asp Asn. Glu. Cys Met Glu Ser Ile Arg Asn 
485 490 495 

Gly. Thir Tyr Asn Tyr Pro Glin Tyr Ser Glu Glu Ala Arg Lieu Lys Arg 
SOO 505 51O 

Glu Glu Ile Ser Gly Val Lys Lieu. Glu Ser Ile Gly Thr Tyr Glin Ile 
515 52O 525 

Lieu. Ser Ile Tyr Ser Thr Val Ala Ser Ser Lieu Ala Lieu Ala Ile Met 
53 O 535 54 O 

Met Ala Gly Lieu. Ser Lieu. Trp Met Cys Ser Asn Gly Ser Lieu. Glin Cys 
5.45 550 555 560 
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acggggtctg acgcticagtg gaacgaaaac toacgittaag ggattittggit catgagatta 654 O 

tcaaaaagga t citt caccita gatcc ttitta aattaaaaat gaagttittaa atcaatctaa 66OO 

agtatatatgagtaaacttg gttctgacagt taccalatgct taatcagtga gqcaccitatic 666 O 

t cagcgatct gtctattt cq t t catccata gttgcctgac tocccgt.cgt gtagataact 672 O 

acgatacggg agggcttacc atctggcc cc agtgctgcaa tataccgcg agacic cacgc 678 O. 

t caccggctic Cagattitatic agcaataaac Cagc.ca.gc.cg gaagggc.cga gcgcagaagt 6840 

ggtc.ctgcaa ctittatcc.gc ctic catccag totattaatt gttgc.cggga agctagagta 69 OO 

agtagttctgc cagttaatag tittgcgcaac gttgttgcca ttgct acagg catcgtggtg 696 O 

t cacgctcgt. c9tttggt at ggctt catt C agctic cqgtt cccaacgat C aaggcgagtt 7 O2O 

acatgatc cc ccatgttgtg caaaaaag.cg gttagct cott toggt cct c c gatcgttgtc 708 O 

agaagtaagt toggcc.gcagt gttat cactic atggittatgg cagcactgca taattct citt 714. O 

actgtcatgc catc.cgtaag atgcttittct gtgactggtgagtact caac caagt catt c f2OO 

tgagaatagt gitatgcggcg accgagttgc ticttgc.ccgg cqt caat acg ggataat acc 726 O 

gcgc.ca cata gcagaactitt aaaagtgctic at cattggaa alacgttcttic ggggggaaaa 732O 

citct caagga t cittaccgct gttgagatco agttcgatgt aacco acticg tdcacccaac 7380 

tgat ctitcag catcttttac titt caccago gtttctgggit gagcaaaaac aggaaggcaa. 744. O 

aatgcc.gcaa aaaagggaat aagggcgaca C9gaaatgtt gaatact cat act ct tcctt 75OO 

tittcaatatt attgaag cat titat cagggit tattgtc. tca tdagcggata catatttgaa 756 O 

tg tatttaga aaaataaa.ca aataggggitt cogcogcacat titcc.ccgaaa agtgccac 76.18 

<210s, SEQ ID NO 3 
&211s LENGTH: 4885 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: nucleotide sequence of the insert of the 
plasmid pYJ1394.1 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (53) 
<223> OTHER INFORMATION: partial sequence of the cloning plasmid 

comprising the sequence of the M13F primer 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (54) . . (1483) 
<223> OTHER INFORMATION: sequence of the left arm" flanking the F8 

insertion locus in the genome of the TROVAC fowlpox vector 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1484) . . (1568) 
<223> OTHER INFORMATION: linker sequence between the left arm and the 

H6 promoter 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1569) . . (1692) 
<223> OTHER INFORMATION: sequence of the vaccinia virus H6 promoter 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1693 ) . . (3387 
<223> OTHER INFORMATION: sequence of the modified synthetic HA gene of 

the AAchicken/Indonesia/7/03 strain 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (3388) . . (3414) 
<223> OTHER INFORMATION: linker sequence between the HA gene and the 

right arm; sequence comprising a TTTTTAT transcription stop 
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sequence of the fowlpox early genes 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (3415) . . (4790 
<223> OTHER INFORMATION: sequence of the right arm" flanking the F8 

insertion locus in the genome of the TROVAC folwpox vector 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (4791) . . (4.885 
<223> OTHER INFORMATION: partial sequence of the cloning plasmid 

comprising the sequence of the M13R primer 

<4 OOs, SEQUENCE: 3 

gtaaaacgac ggc.cagtgaa ttgtaatacg act Cactata gggcgaattg ggtgaccCtt 6 O 

tacaagaata aaagaagaaa caactgtgaa at agtttata aatgtaattic gitatgcagaa 12 O 

aacgataata tattittggta tagaaatct aaaggagaca tagtttgtat agaCatgcgc 18O 

tott cogatg agatatt cqa togcttittcta atgitat cata tagctacaag atatgccitat 24 O 

catgatgatg atatatat ct acaaatagtg titat attatt ctaataatca aaatgttata 3OO 

t ctitat atta cqaaaaataa atacgittaag tatataagaa ataaaac tag agacgatatt 360 

cataaagtaa aaat attago totagaagac tttacaacgg aagaaatata ttgttggatt 42O 

agtaatatat aacagogtag ctgcacggitt ttgat cattt to caacaata taalaccalatg 48O 

aaggaggacg act catcaaa cataaataac attcacggaa aatatt cagt atcagattta 54 O 

to acaagatg attatgttat tdaatgtata gacggat.ctt ttgattcgat Caagtataga 6OO 

gatataaagg ttataataat gaagaataac gigttacgitta attgtag taa attatgtaaa 660 

atgcggaata aatacttitt c tagatggttg cqt ctittcta cittctaaagc attattagac 72 O 

atttacaata ataagt cagt agataatgct attgttaaag totatggitaa agg taagaaa 78O 

cittattataa caggattitta t ct caaacaa aatatgatac gittatgttat tdagtggata 84 O 

ggggatgatt ttacaaacga tatatacaaa atgattaatt totataatgc gttatt cqgt 9 OO 

aacgatgaat taaaaatagt atcctgtgaa aac actictat gcc.cgttitat agaacttggit 96.O 

agatgctatt atggtaaaaa atgtaagt at atacacggag at Caatgtga t atctgtggit O2O 

ctatatatac tacaccctac cqat attaac caacgagttt ct cacaagaa aacttgttta O8O 

gtagatagag attctittgat ttgtttalaa agaagtacca gtaaaaagtg tdgcatatgc 14 O 

atagaagaaa taaacaaaaa acatatttico gaacagtatt ttggaattct c ccaagttgt 2OO 

aaac at attt tttgccitatc atgtataaga cqttgggcag atactaccag aaatacagat 26 O 

actgaaaata cqtgtc.ctga atgtagaata gtttitt.cctt toataatacc cagtaggitat 32O 

tggatagata ataaatatga taaaaaaata ttatataata gatataagaa aatgatttitt 38O 

acaaaaatac ctataagaac aataaaaata taattacatt tacggaaaat agctggttitt 44 O 

agtttaccaa cittagagtaa titat catatt gaatctatat togctaattag ctaataaaaa SOO 

cc.cgggittaa ttaattagtic at Caggcagg gcgagaacga gactatctgc ticgittaatta 560 

attagagctt ctittatt cita tacttaaaaa gtgaaaataa atacaaaggit tottgagggit 62O 

tgttgttaaat tdaaag.cgag aaataatcat aaattatttic attatcgcga tat cogittaa 68O 

gtttgt atcg taatggagaa aatcgtgctg. Ctgctggcca togtgagcct ggtgaaaagc 74 O 

gatcagat cit gcatcggcta C cacgc.caac alacagcacag agcaa.gtgga cacaat catg 8OO 

gaaaagaacg taccgtgac acacgcc.cag gaCat CCtgg aaaagacaca Caacgggaag 86 O 





US 

ataaaagata ttaaatctitt aattcttgat citgaaaaa.ca 

aagttatt cq ataaagataa taatgaatcg aacgatgaaa 

aagctaattt ttitt catcta aatag tatta ttittattgaa 

taaataataa aggtogattt ttattttgtt aaat atcaaa 

atacaaaaac acacggtgat tat calaccat ctaacgaaca 

ggactatgga aaacgaagct gatagcctica atagaagaag 

atgttatgaa gaattgggat catcct ct ca acgaagaaat 

aaaatgatac attaaacgat ttagat catc taaatacaga 

tacaatgtct gattagagaa tittgcgttta aaaagat caa 

citatgg taaa act caattica gataacgaaa cattgaaaga 

tagaaact at t cittaaagac aaacgtggitt ataaacaaaa 

gccaccgcgg tagotcca gCttttgttc Cctittagtga 

2011/02 12129 A1 

gtaatcatgg toatagctgt titc ct 

<210s, SEQ ID NO 4 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 4 

Arg Glu Arg Arg Arg Llys Lys Arg Gly 
1. 5 

<210s, SEQ ID NO 5 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 5 

Arg Glu Thir Arg Gly 
1. 

O 
1 
2 

13 
14 
15 
16 
17 

5 

(canceled) 
(canceled) 
(canceled) 
(canceled) 
(canceled) 
(canceled) 
(canceled) 
(canceled) 
(canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
... (canceled) 
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catctataaa act agataaa 

aattggaaac 

gtacgaagtt 

tatgtcatta 

gat attacaa 

cattaaagaa 

agataaagtt 

tgataatatt 

ttctatt atg 

taaaattaag 

gcc attaccc 

gggittaattit 

42OO 

agaagttgat 426 O 

ttacgittaga 432O 

tctgataaag 438 O 

aaaatacgt.c 4 44 O 

attgttgtag 4500 

Ctaaactgga 456 O 

aaggaaatca 462O 

tatagittatg 468O 

gattattitta 474. O 

tagagcggcc 48OO 

cgagcttggc 486 O 

4.885 

18. (canceled) 
19. (canceled) 
20. A flu vaccine composition which comprises a flu virus 

or a flu virus-derived product obtained by 
a) immunizing a hen by administering a flu vaccine to the 

hen, 
b) triggering embryogenesis in one or more eggs of the 

immunized hen, 
c) infecting the one or more embryonated eggs by inocu 

lating a flu virus into the allantoic cavity of the eggs, 
d) incubating the one or more infected embryonated eggs 

under temperature and humidity conditions that allow 
replication of the virus, 

e) harvesting the allantoic fluid of the one or more incu 
bated eggs containing the virus, 
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f) purifying the virus, and 22. A method for preventing flu in an animal selected from 
g) inactivating the virus. the group of equine family, porcine family, canine family, 

feline family, mustelids and avian species, which method 
comprises administering to the animal an effective amount of 
a flu vaccine composition as claimed in claim 20. 

21. A method for preventing infection against an epidemic 
or a pandemic flu strain in a human Subject, which method 
comprises administering to the human Subject an effective 
amount of a flu vaccine composition as claimed in claim 20. ck 


