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INFLUENZA VIRUS REASSORTMENT 

This application claims the benefit of US provisional application 61/832,091 filed 6th June 2013 and 

European patent application no. 13179013.1 filed 26th September 2013, the complete contents of 

both of which are incorporated herein by reference. 

5 This invention was made in part with Government support under grant no. HHS010020100061C 

awarded by the Biomedical Advanced Research and Development Authority (BARDA). The 

Government has certain rights 5 in the invention. 

TECHNICAL FIELD 

This invention is in the field of influenza virus reassortment. Furthermore, it relates to manufacturing 

10 vaccines for protecting against influenza viruses. 

BACKGROUND ART 

The most efficient protection against influenza infection is vaccination against circulating strains and 

it is important to produce influenza viruses for vaccine production as quickly as possible. 

Wild-type influenza viruses often grow to low titres in eggs and cell culture. In order to obtain a 

15 better-growing virus strain for vaccine production it is currently common practice to reassort the 

circulating vaccine strain with a faster-growing high-yield donor strain. This can be achieved by 

co-infecting a culture host with the circulating influenza strain (the vaccine strain) and the high-yield 

donor strain and selecting for reassortant viruses which contain the hemagglutinin (HA) and 

neuraminidase (NA) segments from the vaccine strain and the other viral segments (i.e. those 

20 encoding PB1, PB2, PA, NP, M1, M2, NS1  and N52) from the donor strain. Another approach is to 

reassort the influenza viruses by reverse genetics (see, for example references 1 and 2). 

References 3 and 4 report that influenza viruses with a chimeric HA segment which comprises the 

ectodomain from a vaccine strain and the other domains from A/Puerto Rico/8/34 grew faster in eggs 

compared to the wild-type vaccine strain. Reference 5 teaches influenza viruses with chimeric NA 

25 proteins which contain the transmembrane and stalk domains from A/PR/8/34. References 6 and 7 

teach reassortant influenza viruses which comprise chimeric HA segments that have domains from 

both influenza A and B viruses. 

Most of the studies with chimeric HA proteins were done in eggs and reference 3 teaches that "it is 

likely that the improvement seen with [the described] chimeric viruses is very specific to the egg 

30 substrate". The studies which tested growth in cell culture found that the tested viruses showed poor 

growth in cell culture. There is therefore still a need in the art to provide high-yielding reassortant 

influenza viruses, especially in cell culture. 

SUMMARY OF PREFERRED EMBODIMENTS 

The invention provides a chimeric influenza hemagglutinin segment having an ectodomain, a 

35 5'- non-coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a 
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Wild-type influenza viruses often grow to low titres in eggs and cell culture. In order to obtain a 

15 better-growing virus strain for vaccine production it is currently common practice to reassort the 

circulating vaccine strain with a faster-growing high-yield donor strain. This can be achieved by 

co-infecting a culture host with the circulating influenza strain (the vaccine strain) and the high-yield 

donor strain and selecting for reassortant viruses which contain the hemagglutinin (HA) and 

neuraminidase (NA) segments from the vaccine strain and the other viral segments (i.e. those 
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compared to the wild-type vaccine strain. Reference 5 teaches influenza viruses with chimeric NA 

25 proteins which contain the transmembrane and stalk domains from A/PR/8/34. References 6 and 7 

teach reassortant influenza viruses which comprise chimeric HA segments that have domains from 

both influenza A and B viruses. 
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likely that the improvement seen with [the described] chimeric viruses is very specific to the egg 
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influenza viruses, especially in cell culture. 

SUMMARY OF PREFERRED EMBODIMENTS 

The invention provides a chimeric influenza hemagglutinin segment having an ectodomain, a 

35 5'- non-coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a 

1 



WO 2014/195920 
	

PCT/IB2014/062030 

cytoplasmic domain wherein the ectodomain is from a first influenza strain and one or more of the 

5'- non-coding region, the 3'- non-coding region, the signal peptide, the transmembrane domain and 

the cytoplasmic domain are from a second influenza strain which is not A/Puerto Rico/8/34, 

A/WSN/33 or B/Lee/40. 

5 Also provided is a chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-

coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 

domain, wherein the ectodomain is from a first influenza A strain which is not a H1 or H5 influenza 

strain, and one or more of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, 

the transmembrane domain and the cytoplasmic domain are from a second influenza strain. 

10 The invention also provides a chimeric influenza hemagglutinin segment having an ectodomain, a 

5'- non-coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a 

cytoplasmic domain, wherein the ectodomain is from a first influenza B strain, and one or more of 

the 5'- non-coding region, the 3'- non-coding region, the signal peptide, the transmembrane domain 

and the cytoplasmic domain are from a second influenza strain which is an influenza B strain or an 

15 influenza A strain which is not a H1 strain or a H3 strain. The chimeric hemagglutinin segment 

preferably comprises all of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, 

the transmembrane domain and the cytoplasmic domain from the second influenza virus as the 

inventors have found that reassortant influenza viruses comprising such a chimeric hemagglutinin 

segment give particularly good HA yields in cell culture. 

20 Also provided is a chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-

coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 

domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are from a second influenza strain, wherein the segment comprises one or more of: (a) 

25 guanine in the position corresponding to nucleotide 24, 	and/or (b) adenine in the position 

corresponding to nucleotide 38; and/or (c) thymine in the position corresponding to nucleotide 40; 

and/or (d) adenine in the position corresponding to nucleotide 44; (e) and/or thymine in the position 

corresponding to nucleotide 53; and/or (0 adenine in the position corresponding to nucleotide 63; 

and/or (g) thymine in the position corresponding to nucleotide 66; and/or (h) adenine in the position 

30 corresponding to nucleotide 69 ; and/or (i) adenine in the position corresponding to nucleotide 75; 

and/or (j) thymine in the position corresponding to nucleotide 78; and/or (k) adenine in the position 

corresponding to nucleotide 1637; and/or (1) cytosine in the position corresponding to nucleotide 

1649, and/or (m) thymine in the position corresponding to nucleotide 1655, and/or (n) cytosine in the 

position corresponding to nucleotide 1682, and/or (o) cytosine in the position corresponding to 

35 nucleotide 1697; and/or (p) guanine in the position corresponding to nucleotide 1703, and/or (q) 

thymine in the position corresponding to nucleotide 1715, and/or (r) adenine in the position 

corresponding to nucleotide 1729, and/or (s) cytosine in the position corresponding to nucleotide 
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cytoplasmic domain wherein the ectodomain is from a first influenza strain and one or more of the 
5'- non-coding region, the 3'- non-coding region, the signal peptide, the transmembrane domain and 
the cytoplasmic domain are from a second influenza strain which is not A/Puerto Rico/8/34, 
A/WSN/33 or B/Lee/40. 

5 Also provided is a chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 
domain, wherein the ectodomain is from a first influenza A strain which is not a HI or H5 influenza 
strain, and one or more of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, 
the transmembrane domain and the cytoplasmic domain are from a second influenza strain. 

10 The invention also provides a chimeric influenza hemagglutinin segment having an ectodomain, a 
5'- non-coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a 
cytoplasmic domain, wherein the ectodomain is from a first influenza B strain, and one or more of 
the 5'- non-coding region, the 3'- non-coding region, the signal peptide, the transmembrane domain 
and the cytoplasmic domain are from a second influenza strain which is an influenza B strain or an 

15 influenza A strain which is not a HI strain or a H3 strain. The chimeric hemagglutinin segment 
preferably comprises all of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, 
the transmembrane domain and the cytoplasmic domain from the second influenza virus as the 
inventors have found that reassortant influenza viruses comprising such a chimeric hemagglutinin 
segment give particularly good HA yields in cell culture. 

20 Also provided is a chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 
domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 
region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 
domain are from a second influenza strain, wherein the segment comprises one or more of: (a) 

25 guanine in the position corresponding to nucleotide 24, and/or (b) adenine in the position 
corresponding to nucleotide 38; and/or (c) thymine in the position corresponding to nucleotide 40; 
and/or (d) adenine in the position corresponding to nucleotide 44; (e) and/or thymine in the position 
corresponding to nucleotide 53; and/or (f) adenine in the position corresponding to nucleotide 63; 
and/or (g) thymine in the position corresponding to nucleotide 66; and/or (h) adenine in the position 

30 corresponding to nucleotide 69 ; and/or (i) adenine in the position corresponding to nucleotide 75; 
and/or (j) thymine in the position corresponding to nucleotide 78; and/or (k) adenine in the position 
corresponding to nucleotide 1637; and/or (1) cytosine in the position corresponding to nucleotide 
1649, and/or (m) thymine in the position corresponding to nucleotide 1655, and/or (n) cytosine in the 
position corresponding to nucleotide 1682, and/or (o) cytosine in the position corresponding to 

35 nucleotide 1697; and/or (p) guanine in the position corresponding to nucleotide 1703, and/or (q) 
thymine in the position corresponding to nucleotide 1715, and/or (r) adenine in the position 
corresponding to nucleotide 1729, and/or (s) cytosine in the position corresponding to nucleotide 
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1733, and/or (t) cytosine in the position corresponding to nucleotide 1734, and/or (u) adenine in the 

position corresponding to nucleotide 1746, and/or (v) adenine in the position corresponding to 

nucleotide 1751 ; when aligned to SEQ ID NO: 15 using a pairwise alignment algorithm. Preferably, 

the chimeric hemagglutinin comprises all of the nucleotides of (a) to (v). 

5 The invention also provides a chimeric hemagglutinin segment, having an ectodomain, a 5'- non-

coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 

domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are from a second influenza strain, wherein the segment encodes a protein which does not 

10 have alanine in the position corresponding to amino acid 3 of SEQ ID NO: 63 when aligned to SEQ 

ID NO: 63 using a pairwise alignment algorithm; and/or which does not have asparagine in the 

position corresponding to amino acid 4 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 

pairwise alignment algorithm; and/or which does not have alanine in the position corresponding to 

amino acid 11 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment 

15 algorithm; and/or which does not have leucine in the position corresponding to amino acid 12 of SEQ 

ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; and/or which does 

not have alanine in the position corresponding to amino acid 13 of SEQ ID NO: 63 when aligned to 

SEQ ID NO: 63 using a pairwise alignment algorithm; and/or which does not have alanine in the 

position corresponding to amino acid 15 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 

20 pairwise alignment algorithm; and/or which does not have aspartic acid in the position corresponding 

to amino acid 16 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment 

algorithm. 

In some aspects, the chimeric hemagglutinin segment may encode a protein which has one or more 

of valine in the position corresponding to amino acid 3 of SEQ ID NO: 63 when aligned to SEQ ID 

25 NO: 63 using a pairwise alignment algorithm; and/or lysine in the position corresponding to amino 

acid 4 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; 

and/or threonine in the position corresponding to amino acid 11 of SEQ ID NO: 63 when aligned to 

SEQ ID NO: 63 using a pairwise alignment algorithm; and/or phenylalanine in the position 

corresponding to amino acid 12 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise 

30 alignment algorithm; and/or threonine in the position corresponding to amino acid 13 of SEQ ID NO: 

63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; and/or threonine in the 

position corresponding to amino acid 15 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 

pairwise alignment algorithm; and/or tyrosine in the position corresponding to amino acid 16 of SEQ 

ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm. The chimeric HA 

35 segment may comprise all of these amino acids which is preferred as reassortant influenza viruses 

comprising such a chimeric hemagglutinin segment give particularly good HA yields in cell culture. 
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5 The invention also provides a chimeric hemagglutinin segment, having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 
domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 
region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 
domain are from a second influenza strain, wherein the segment encodes a protein which does not 

10 have alanine in the position corresponding to amino acid 3 of SEQ ID NO: 63 when aligned to SEQ 
ID NO: 63 using a pairwise alignment algorithm; and/or which does not have asparagine in the 
position corresponding to amino acid 4 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 
pairwise alignment algorithm; and/or which does not have alanine in the position corresponding to 
amino acid 11 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment 

15 algorithm; and/or which does not have leucine in the position corresponding to amino acid 12 of SEQ 
ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; and/or which does 
not have alanine in the position corresponding to amino acid 13 of SEQ ID NO: 63 when aligned to 
SEQ ID NO: 63 using a pairwise alignment algorithm; and/or which does not have alanine in the 
position corresponding to amino acid 15 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 

20 pairwise alignment algorithm; and/or which does not have aspartic acid in the position corresponding 
to amino acid 16 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment 
algorithm. 

In some aspects, the chimeric hemagglutinin segment may encode a protein which has one or more 
of valine in the position corresponding to amino acid 3 of SEQ ID NO: 63 when aligned to SEQ ID 

25 NO: 63 using a pairwise alignment algorithm; and/or lysine in the position corresponding to amino 
acid 4 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; 
and/or threonine in the position corresponding to amino acid 11 of SEQ ID NO: 63 when aligned to 
SEQ ID NO: 63 using a pairwise alignment algorithm; and/or phenylalanine in the position 
corresponding to amino acid 12 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise 

30 alignment algorithm; and/or threonine in the position corresponding to amino acid 13 of SEQ ID NO: 
63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm; and/or threonine in the 
position corresponding to amino acid 15 of SEQ ID NO: 63 when aligned to SEQ ID NO: 63 using a 
pairwise alignment algorithm; and/or tyrosine in the position corresponding to amino acid 16 of SEQ 
ID NO: 63 when aligned to SEQ ID NO: 63 using a pairwise alignment algorithm. The chimeric HA 

35 segment may comprise all of these amino acids which is preferred as reassortant influenza viruses 
comprising such a chimeric hemagglutinin segment give particularly good HA yields in cell culture. 
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The chimeric hemagglutinin segment may comprise one or more of the 5'- NCR domain of SEQ ID 

NO: 110; and/or the CT domain of SEQ ID NO: 111; and/or the TM domain of SEQ ID NO: 112; 

and/or the 3'- NCR of SEQ ID NO: 113. 

The invention also provides a chimeric hemagglutinin segment, having an ectodomain, a 5'- non- 

5 

10 

coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 

domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are from a second influenza strain, wherein the segment comprises one or more (preferably 

all) of: guanine at position 24, adenine at position 38, thymine at position 40, thymine at position 53, 

adenine at position 63, thymine at position 66, adenine at position 69, adenine at position 75, thymine 

at position 78, guanine at position 1703, thymine at position 1715, adenine at position 1729, cytosine 

at position 1733, cytosine at position 1734, adenine at position 1746, and/or adenine at position 1751. 

All of these positions are relative to the corresponding position in SEQ ID NO: 15 when aligned to 

SEQ ID NO: 15 using a pairwise alignment algorithm. 

15 The chimeric hemagglutinin segment may comprise one or more of the 5'- non-coding region, the 3'-

non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic domain from 

the 105p30 influenza strain, which is discussed below. Preferably, the chimeric hemagglutinin 

segment comprises all of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, the 

transmembrane domain and the cytoplasmic domain from the 105p30 influenza strain as reassortant 

20 influenza viruses comprising such a chimeric hemagglutinin segment give particularly good HA 

yields in cell culture. 

Also provided is a chimeric HA protein which is encoded by a chimeric HA segment of the 

invention. 

The inventors have discovered that reassortant influenza viruses which comprise a chimeric HA 

25 segment of the invention can provide HA yields which are up to 5-fold higher in the same time frame 

and under the same conditions compared to a reassortant influenza virus which does not comprise a 

chimeric HA segment. 

Further provided is a chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-

coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein 

30 the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3' - 

non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

influenza strain which is not A/Puerto Rico/8/34 or A/WSN/33. 

Also provided is a chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-

coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein 

35 the ectodomain is a first influenza strain and the 5'- non-coding region, the 3'- non-coding region, 
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The chimeric hemagglutinin segment may comprise one or more of the 5'- NCR domain of SEQ ID 
NO: 110; and/or the CT domain of SEQ ID NO: 111; and/or the TM domain of SEQ ID NO: 112; 
and/or the 3'- NCR of SEQ ID NO: 113. 

The invention also provides a chimeric hemagglutinin segment, having an ectodomain, a 5'- non-
5 coding region, a 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic 

domain wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 
region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 
domain are from a second influenza strain, wherein the segment comprises one or more (preferably 
all) of: guanine at position 24, adenine at position 38, thymine at position 40, thymine at position 53, 

10 adenine at position 63, thymine at position 66, adenine at position 69, adenine at position 75, thymine 
at position 78, guanine at position 1703, thymine at position 1715, adenine at position 1729, cytosine 
at position 1733, cytosine at position 1734, adenine at position 1746, and/or adenine at position 1751. 
All of these positions are relative to the corresponding position in SEQ ID NO: 15 when aligned to 
SEQ ID NO: 15 using a pairwise alignment algorithm. 

15 The chimeric hemagglutinin segment may comprise one or more of the 5'- non-coding region, the 3'-
non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic domain from 
the 105p30 influenza strain, which is discussed below. Preferably, the chimeric hemagglutinin 
segment comprises all of the 5'- non-coding region, the 3'- non-coding region, the signal peptide, the 
transmembrane domain and the cytoplasmic domain from the 105p30 influenza strain as reassortant 

20 influenza viruses comprising such a chimeric hemagglutinin segment give particularly good HA 
yields in cell culture. 

Also provided is a chimeric HA protein which is encoded by a chimeric HA segment of the 
invention. 

The inventors have discovered that reassortant influenza viruses which comprise a chimeric HA 
25 segment of the invention can provide HA yields which are up to 5-fold higher in the same time frame 

and under the same conditions compared to a reassortant influenza virus which does not comprise a 
chimeric HA segment. 

Further provided is a chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein 

30 the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3'-
non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 
influenza strain which is not A/Puerto Rico/8/34 or A/WSN/33. 

Also provided is a chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein 

35 the ectodomain is a first influenza strain and the 5'- non-coding region, the 3'- non-coding region, 
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the transmembrane domain and the cytoplasmic domain are from a second influenza strain wherein 

the first and the second influenza strain are both influenza A strains or both influenza B strains. 

The invention also provides a chimeric neuraminidase segment having an ectodomain, 	a 5'- non- 

coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain, wherein 

5 the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3' - 

non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

influenza strain, wherein the segment comprises one or more (preferably all) of: adenine in the 

position corresponding to nucleotide 13; and/or adenine in the position corresponding to nucleotide 

35; and/or 	adenine in the position corresponding to nucleotide 60; and/or 	adenine in the position 

10 corresponding to nucleotide 63; and/or 	adenine in the position corresponding to nucleotide 65; 

and/or 	cytosine in the position corresponding to nucleotide 67; and/or adenine in the position 

corresponding to nucleotide 69; and/or adenine in the position corresponding to nucleotide 75; and/or 

thymine in the position corresponding to nucleotide 83; and/or guanine in the position corresponding 

to nucleotide 89; and/or adenine in the position corresponding to nucleotide 101; and/or thymine in 

15 the position corresponding to nucleotide 107; and/or 	thymine in the position corresponding to 

nucleotide 110; and/or guanine in the position corresponding to nucleotide 120; and/or cytosine in 

the position corresponding to nucleotide 121; and/or thymine in the position corresponding to 

nucleotide 125; and/or thymine in the position corresponding to nucleotide 127. All of these 

positions are relative to the corresponding position in SEQ ID NO: 16 when aligned to SEQ ID NO: 

20 16 using a pairwise alignment algorithm. 

The invention also provides a chimeric neuraminidase segment having an ectodomain, 	a 5'- non- 

coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain, wherein 

the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3' - 

non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

25 influenza strain, wherein the segment encodes a protein which does not have cysteine in the position 

corresponding to amino acid 14 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise 

alignment algorithm, and/or which does not have leucine in the position corresponding to amino acid 

15 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or 

which does not have valine in the position corresponding to amino acid 16 of SEQ ID NO: 64 when 

30 aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or which does not have valine 

in the position corresponding to amino acid 17 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 

using a pairwise alignment algorithm; and/or which does not have leucine in the position 

corresponding to amino acid 19 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise 

alignment algorithm; and/or which does not have isoleucine in the position corresponding to amino 

35 acid 23 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; 

and/or which does not have isoleucine in the position corresponding to amino acid 34 of SEQ ID 

NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm. 
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the transmembrane domain and the cytoplasmic domain are from a second influenza strain wherein 
the first and the second influenza strain are both influenza A strains or both influenza B strains. 

The invention also provides a chimeric neuraminidase segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain, wherein 

5 the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3'-
non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 
influenza strain, wherein the segment comprises one or more (preferably all) of: adenine in the 
position corresponding to nucleotide 13; and/or adenine in the position corresponding to nucleotide 
35; and/or adenine in the position corresponding to nucleotide 60; and/or adenine in the position 

10 corresponding to nucleotide 63; and/or adenine in the position corresponding to nucleotide 65; 
and/or cytosine in the position corresponding to nucleotide 67; and/or adenine in the position 
corresponding to nucleotide 69; and/or adenine in the position corresponding to nucleotide 75; and/or 
thymine in the position corresponding to nucleotide 83; and/or guanine in the position corresponding 
to nucleotide 89; and/or adenine in the position corresponding to nucleotide 101; and/or thymine in 

15 the position corresponding to nucleotide 107; and/or thymine in the position corresponding to 
nucleotide 110; and/or guanine in the position corresponding to nucleotide 120; and/or cytosine in 
the position corresponding to nucleotide 121; and/or thymine in the position corresponding to 
nucleotide 125; and/or thymine in the position corresponding to nucleotide 127. All of these 
positions are relative to the corresponding position in SEQ ID NO: 16 when aligned to SEQ ID NO: 

20 16 using a pairwise alignment algorithm. 

The invention also provides a chimeric neuraminidase segment having an ectodomain, a 5'- non-
coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain, wherein 
the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3'-
non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

25 influenza strain, wherein the segment encodes a protein which does not have cysteine in the position 
corresponding to amino acid 14 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise 
alignment algorithm, and/or which does not have leucine in the position corresponding to amino acid 
15 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or 
which does not have valine in the position corresponding to amino acid 16 of SEQ ID NO: 64 when 

30 aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or which does not have valine 
in the position corresponding to amino acid 17 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 
using a pairwise alignment algorithm; and/or which does not have leucine in the position 
corresponding to amino acid 19 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise 
alignment algorithm; and/or which does not have isoleucine in the position corresponding to amino 

35 acid 23 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; 
and/or which does not have isoleucine in the position corresponding to amino acid 34 of SEQ ID 
NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm. 
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In some aspects, the chimeric neuraminidase segment may encode a protein which comprises one or 

more of: serine in the position corresponding to amino acid 14 of SEQ ID NO: 64 when aligned to 

SEQ ID NO: 	64 using a pairwise alignment algorithm, 	and/or isoleucine in the position 

corresponding to amino acid 15 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise 

5 alignment algorithm; and/or alanine in the position corresponding to amino acid 16 of SEQ ID NO: 

64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or isoleucine in the 

position corresponding to amino acid 17 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a 

pairwise alignment algorithm; and/or isoleucine in the position corresponding to amino acid 19 of 

SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment algorithm; and/or 

10 methionine in the position corresponding to amino acid 23 of SEQ ID NO: 64 when aligned to SEQ 

ID NO: 64 using a pairwise alignment algorithm; and/or alanine in the position corresponding to 

amino acid 34 of SEQ ID NO: 64 when aligned to SEQ ID NO: 64 using a pairwise alignment 

algorithm. The chimeric NA segment may comprise all of these amino acids which is preferred as 

reassortant influenza viruses comprising such a chimeric hemagglutinin segment give particularly 

15 good HA yields in cell culture. 

The chimeric neuraminidase segment may comprise one or more of the 5'- NCR domain of SEQ ID 

NO: 110; and/or the CT domain of SEQ ID NO: 111; and/or the TM domain of SEQ ID NO: 112; 

and/or the 3'- NCR of SEQ ID NO: 113. 

The invention also provides a chimeric neuraminidase segment having an ectodomain, a 5'- non- 

20 coding region, a 3'- non-coding region, a transmembrane domain and a cytoplasmic domain, wherein 

the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3' - 

non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

influenza strain, wherein the segment comprises one or more (preferably all) of: adenine at position 

25 

13, adenine at position 35, adenine at position 63, adenine at position 65, cytosine at position 67, 

adenine at position 69, adenine at position 75, thymine at position 83, guanine at position 89, adenine 

at position 101, thymine at position 107, thymine at position 110, guanine at position 120, cytosine at 

position 121, thymine at position 125, cytosine at position 1385, thymine at position 1386, cytosine 

at position 1387, and/or guanine at position 1392. All of these positions are relative to the 

corresponding position in SEQ ID NO: 16 when aligned to SEQ ID NO: 16 using a pairwise 

30 alignment algorithm. 

A chimeric neuraminidase segment may comprise one or more of the 5'- non-coding region, the 3' - 

non-coding region, the transmembrane domain and the cytoplasmic domain from the 105p30 

influenza strain, which is discussed below. Preferably, the chimeric hemagglutinin segment 

comprises all of the 5'- non-coding region, the 3'- non-coding region, the transmembrane domain 

35 and the cytoplasmic domain from the 105p30 influenza strain as reassortant influenza viruses 

comprising such a chimeric neuraminidase segment give particularly good HA yields in cell culture. 
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Also provided is a chimeric NA protein which is encoded by a chimeric NA segment of the 

invention. 

The inventors have discovered that reassortant influenza viruses which comprise a chimeric NA 

segment of the invention can provide HA yields which are up to 2-fold higher in the same time frame 

5 and under the same conditions compared to a reassortant influenza virus which does not comprise a 

chimeric NA segment. 

The invention provides reassortant influenza viruses which comprise a chimeric HA and/or NA 

segment of the invention. Preferably, the reassortant influenza virus comprises both a chimeric HA 

and a chimeric NA segment of the invention as the inventors have discovered that such reassortant 

10 influenza viruses grow faster and give better HA yields than reassortant influenza viruses which 

comprise only a chimeric HA or a chimeric NA segment. 

The invention also provides a reassortant influenza virus comprising: 

a) 	a chimeric hemagglutinin protein having an ectodomain, a 5'- non-coding region, a 3'- 

non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain wherein 

15 the ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 

3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are from a second influenza strain; and/or a chimeric neuraminidase protein having an 

ectodomain, a 5'- non-coding region, a 3'- non-coding region, a transmembrane domain and a 

cytoplasmic domain wherein the ectodomain is from a first influenza strain and one or more of 

20 the non-coding regions, the cytoplasmic domain, and the transmembrane domain are from a 

second influenza strain; and 

(b) one or more of: 

i. backbone segments from two or more different donor strains 

ii. backbone segments from two or more donor strains, wherein the PB1 and the PB2 segments are 

25 from the same donor strain; 

iii. backbone segments from two or three donor strains, wherein each donor strain provides more 

than one backbone segment; 

iv. backbone segments from two or more donor strains, wherein the PB1 segment is not from the 

A/Texas/1/77 influenza strain; 

30 v. backbone segments from two or more donor strains, wherein at least the PA, NP, or M segment 

are not from A/Puerto Rico/8/34; 

vi. backbone segments from two or more donor strains, wherein the HA segment and the PB1 

segment are from different influenza A strains with the same influenza virus HA subtype. 
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These reassortant influenza viruses are particularly useful because the inventors have discovered that 

influenza viruses which comprise backbone segments from two or more influenza donor strains can 

grow faster in a culture host compared with reassortant influenza viruses which contain all backbone 

segments from the same donor strain. In particular, the inventors have found that influenza viruses 

5 which comprise backbone segments from two high-yield donor strains can produce higher yield 

reassortants with target vaccine-relevant HA/NA genes than reassortants made with either of the two 

original donor strains. The first and the second influenza strains are preferably both influenza A or 

influenza B strains 

The invention also provides a method of preparing a reassortant influenza virus comprising steps of 

10 (a) infecting a culture host with a reassortant influenza virus of the invention or a reassortant 

influenza virus produced by a method of the invention; (b) culturing the host from step (a) to produce 

the virus; and optionally (c) purifying the virus obtained in step (b). 

The reassortant influenza virus may be formulated into a vaccine. The invention thus provides a 

method of preparing a vaccine, comprising steps of (a) preparing a reassortant influenza virus by a 

15 method according to the invention and (b) preparing a vaccine from the virus. Also, provided is a 

method of preparing a vaccine from a reassortant influenza virus of the invention. 

Further provided is an expression system comprising one or more expression construct(s) encoding 

the vRNA of a reassortant influenza virus of the invention. 

The chimeric HA and NA segments 

20 The invention provides chimeric HA and NA segments. 

Structurally, the influenza HA segment is composed of 5'- and 3'- non-coding regions (NCRs) which 

flank the HA segment's signal peptide (SP), transmembrane (TM), cytoplasmic domain (CT) and 

ectodomain (see Figure 4A). The HA ectodomain is the most important influenza antigen in 

influenza vaccines whilst the terminal domains (NCRs, SP, TM and CT) are of much less antigenic 

25 importance. The influenza NA segment also contains terminal domains which are the 5'- and 3'- 

NCRs, a CT domain and a TM domain, as well as an ectodomain, but NA does not contain a signal 

peptide (see Figure 4C). The terminal domains are of much less antigenic importance than the NA 

ectodomain. 

A skilled person can readily determine the sequences of the terminal domains within any given HA 

30 and NA segment. Furthermore, SEQ ID NOs 105-109 and SEQ ID NOs 114-118 give the sequences 

of the HA terminal domains of 105p30 and PR8X, respectively. SEQ ID NOs 110-114 and SEQ ID 

NOs 119-122 give the sequences of the terminal domains of 105p30 and PR8X, respectively. Using 

this sequence information a skilled person can find the corresponding domains in other HA and NA 

sequences. 
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The chimeric HA segment of the invention comprises the ectodomain from a vaccine strain and one 

or more of the terminal domains from a second influenza virus. The vaccine strain can be any 

influenza strain and is defined as the influenza strain which provides the HA ectodomain. The second 

influenza strain is different to the vaccine strain. The vaccine strain and the second influenza strain 

5 are preferably both influenza A strains or both influenza B strains. 

The chimeric NA segment of the invention comprises the ectodomain from a first influenza strain 

and one or more of the terminal domains from a second influenza virus. The 'second influenza strain' 

is different from the 'first influenza strain'. The first and the second influenza strain are preferably 

both influenza A strains or both influenza B strains. 

10 It is preferred that the chimeric HA and NA segment comprises all of the terminal domains from the 

second influenza strain as the inventors have shown that reassortant influenza viruses comprising 

such chimeric HA and/or NA proteins can grow particularly well in cell culture. 

The 'second influenza strain' can be a strain which has the influenza A virus HA subtypes H1, H2, 

H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, H16 or H17. It may also have the 

15 influenza A virus NA subtypes N1, N2, N3, N4, N5, N6, N7, N8 or N9. It is preferred that the second 

influenza virus is a H1 influenza strain as the inventors have discovered that reassortant influenza 

viruses which contain such chimeric HA and/or NA segments grow particularly well in cell culture. 

Most preferably, the second influenza strain is 105p30 or PR8-X, as discussed below. 

Where the chimeric HA segment comprises one or more terminal domains from 105p30, the 5'- NCR 

20 domain may have the sequence of SEQ ID NO: 105; and/or the SP of SEQ ID NO: 106; and/or the 

TM domain of SEQ ID NO: 107; and/or the CT domain of SEQ ID NO: 108; and/or the 3'- NCR of 

SEQ ID NO: 109. Preferably, the chimeric HA segment contains all of these sequences. 

Where the chimeric NA segment comprises one or more terminal domains from 105p30, the 5'- NCR 

domain may have the sequence of SEQ ID NO: 110; and/or the CT domain of SEQ ID NO: 71; 

25 and/or the TM domain of SEQ ID NO: 112; and/or the 3'- NCR of SEQ ID NO: 113. Preferably, the 

chimeric NA segment contains all of these sequences. 

Where the chimeric HA segment comprises one or more terminal domains from PR8-X, the 5'- NCR 

domain may have the sequence of SEQ ID NO: 114; and/or the SP of SEQ ID NO: 115; and/or the 

TM domain of SEQ ID NO: 116; and/or the CT domain of SEQ ID NO: 117; and/or the 3'- NCR of 

30 SEQ ID NO: 118. Preferably, the chimeric HA segment contains all of these sequences. 

Where the chimeric NA segment comprises one or more terminal domains from PR8-X, the 5'- NCR 

domain may have the sequence of SEQ ID NO: 119; and/or the CT domain of SEQ ID NO: 120; 

and/or the TM domain of SEQ ID NO: 121; and/or the 3'- NCR of SEQ ID NO: 122. Preferably, the 

chimeric NA segment contains all of these sequences. 

35 The second influenza strain can be an influenza B strain. 
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influenza virus is a HI influenza strain as the inventors have discovered that reassortant influenza 
viruses which contain such chimeric HA and/or NA segments grow particularly well in cell culture. 
Most preferably, the second influenza strain is 105p30 or PR8-X, as discussed below. 

Where the chimeric HA segment comprises one or more terminal domains from 105p30, the 5' - NCR 
20 domain may have the sequence of SEQ ID NO: 105; and/or the SP of SEQ ID NO: 106; and/or the 

TM domain of SEQ ID NO: 107; and/or the CT domain of SEQ ID NO: 108; and/or the 3'- NCR of 
SEQ ID NO: 109. Preferably, the chimeric HA segment contains all of these sequences. 

Where the chimeric NA segment comprises one or more terminal domains from 105p30, the 5' - NCR 
domain may have the sequence of SEQ ID NO: 110; and/or the CT domain of SEQ ID NO: 71; 

25 and/or the TM domain of SEQ ID NO: 112; and/or the 3'- NCR of SEQ ID NO: 113. Preferably, the 
chimeric NA segment contains all of these sequences. 

Where the chimeric HA segment comprises one or more terminal domains from PR8-X, the 5'- NCR 
domain may have the sequence of SEQ ID NO: 114; and/or the SP of SEQ ID NO: 115; and/or the 
TM domain of SEQ ID NO: 116; and/or the CT domain of SEQ ID NO: 117; and/or the 3'- NCR of 

30 SEQ ID NO: 118. Preferably, the chimeric HA segment contains all of these sequences. 

Where the chimeric NA segment comprises one or more terminal domains from PR8-X, the 5'- NCR 
domain may have the sequence of SEQ ID NO: 119; and/or the CT domain of SEQ ID NO: 120; 
and/or the TM domain of SEQ ID NO: 121; and/or the 3'- NCR of SEQ ID NO: 122. Preferably, the 
chimeric NA segment contains all of these sequences. 

35 The second influenza strain can be an influenza B strain. 
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The ectodomain and the one or more terminal domains may all be from an influenza A virus or an 

influenza B virus. It is also possible to have the ectodomain from an influenza A virus and one or 

more of the terminal domains from an influenza B virus and vice versa. It is most preferred that all 

the segments in the chimeric HA or the chimeric NA segments are from influenza A strains or 

5 influenza B strains. 

In some embodiments, the chimeric HA segments of the invention encode a protein which does not 

have tyrosine in the position corresponding to amino acid 545, when aligned to SEQ ID NO: 7. 

Reassortant viruses 

The invention provides a reassortant influenza virus which comprises the chimeric HA and/or NA 

10 segments of the invention. The reassortant influenza virus comprises the HA ectodomain from a 

vaccine strain. The vaccine strain can be any influenza strain and is defined as the influenza strain 

which provides the HA ectodomain, irrespective of whether the HA ectodomain is comprised in a 

chimeric HA segment or not. The ectodomain of the NA segment (in a chimeric or a non-chimeric 

NA segment) may come from the vaccine strain or it may come from a different influenza strain. 

15 One or more of the backbone segments (i.e. those encoding PB1, PB2, PA, NP, M1, M2, NS1  and 

N52) of the reassortant influenza virus may come from a donor strain, which is an influenza virus that 

provides one or more of the backbone segments but which does not provide the ectodomain of the 

influenza HA segment. The ectodomain of the NA segment may also be provided by a donor strain 

or it may be provided by the vaccine strain. The reassortant influenza strains of the invention may 

20 also comprise one or more, but not all, of the backbone segments from the vaccine strain. 

The donor strain may be the same as the 'second influenza strain' which provides the one or more 

terminal domains of the chimeric HA or NA segments. In these reassortant influenza viruses, the PA, 

M and/or NS segment(s) is/are preferably from the second influenza virus. The second influenza 

virus may also be different to the donor strain. 

25 The reassortant influenza virus may grow to higher or similar viral titres in cell culture and/or in eggs 

in the same time (for example 12 hours, 24 hours, 48 hours or 72 hours) and under the same growth 

conditions compared to the wild-type vaccine strain. In particular, they can grow to higher or similar 

viral titres in MDCK cells (such as MDCK 33016) in the same time and under the same growth 

conditions compared to the wild-type vaccine strain. The viral titre can be determined by standard 

30 methods known to those of skill in the art. Usefully, the reassortant viruses of the invention may 

achieve a viral titre which is at least 5% higher, at least 10% higher, at least 20% higher, at least 50% 

higher, at least 100% higher, at least 200% higher, or at least 500% higher than the viral titre of the 

wild-type vaccine strain in the same time frame and under the same conditions. In addition, or 

alternatively, the reassortant influenza viruses of the invention may achieve a viral titre which is at 

35 least 5% higher, at least 10% higher, at least 20% higher, at least 50% higher, at least 100% higher, 
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35 least 5% higher, at least 10% higher, at least 20% higher, at least 50% higher, at least 100% higher, 
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at least 200% higher, or at least 500% higher than the viral titre of a reassortant influenza virus which 

comprises the same viral segments expect that it does not have a chimeric HA or NA segment. 

The reassortant influenza viruses may also grow to similar viral titres in the same time and under the 

same growth conditions compared to the wild-type vaccine strain. A similar titre in this context 

5 means that the reassortant influenza viruses grow to a titre which is within 3% of the viral titre 

achieved with the wild-type vaccine strain in the same time and under the same growth conditions 

(i.e. wild-type titre ± 3%). 

The reassortant virus may also give HA yields which are at least 2-fold, at least 3-fold, at least 4-

fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold or at least 10-fold 

10 higher in cell culture and/or in eggs in the same time (for example 12 hours, 24 hours, 48 hours or 72 

hours) and under the same growth conditions compared to the wild-type vaccine strain. 

When the reassortant viruses of the invention are reassortants comprising the backbone segments 

from a single donor strain, the reassortant viruses will generally include segments from the donor 

strain and the vaccine strain in a ratio of 1:7, 2:6, 3:5, 4:4, 5:3, 6:2 or 7:1. Classical reassortants 

15 usually have a majority of segments from the donor strain, in particular a ratio of 6:2. Where only a 

single donor strain is used, it is preferred that all backbone segments are from PR8-X as such 

reassortant influenza viruses grow fast in cell culture. 

The reassortant viruses of the invention can contain the backbone segments from two or more (i.e. 

three, four, five or six) donor strains. When the reassortant viruses comprise backbone segments 

20 from two donor strains, the reassortant virus will generally include segments from the first donor 

strain, the second donor strain and the vaccine strain in a ratio of 1:1:6, 1:2:5, 1:3:4, 1:4:3, 1:5:2, 

1:6:1, 	2:1:5, 	2:2:4, 	2:3:3, 	2:4:2, 	2:5:1, 	3:1:2, 	3:2:1, 	4:1:3, 4:2:2, 	4:3:1, 	5:1:2, 	5:2:1 	or 6:1:1. 	The 

reassortant influenza viruses may also comprise viral segments from more than two, for example 

from three, four, five or six donor strains. 

25 Where the reassortant influenza virus comprises backbone segments from two or three donor strains, 

each donor strain may provide more than one of the backbone segments of the reassortant influenza 

virus, but one or two of the donor strains can also provide only a single backbone segment. 

Where the reassortant influenza virus comprises backbone segments from two, three, four or five 

donor strains, one or two of the donor strains may provide more than one of the backbone segments 

30 of the reassortant influenza virus. In general, the reassortant influenza virus cannot comprise more 

than six backbone segments. Accordingly, for example, if one of the donor strains provides five of 

the viral segments, the reassortant influenza virus can only comprise backbone segments from a total 

of two different donor strains. 
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at least 200% higher, or at least 500% higher than the viral titre of a reassortant influenza virus which 

comprises the same viral segments expect that it does not have a chimeric HA or NA segment. 

The reassortant influenza viruses may also grow to similar viral titres in the same time and under the 

same growth conditions compared to the wild-type vaccine strain. A similar titre in this context 

5 means that the reassortant influenza viruses grow to a titre which is within 3% of the viral titre 

achieved with the wild-type vaccine strain in the same time and under the same growth conditions 

(i.e. wild-type titre ± 3%). 

The reassortant virus may also give HA yields which are at least 2-fold, at least 3-fold, at least 4-

fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold or at least 10-fold 

10 higher in cell culture and/or in eggs in the same time (for example 12 hours, 24 hours, 48 hours or 72 

hours) and under the same growth conditions compared to the wild-type vaccine strain. 

When the reassortant viruses of the invention are reassortants comprising the backbone segments 

from a single donor strain, the reassortant viruses will generally include segments from the donor 

strain and the vaccine strain in a ratio of 1:7, 2:6, 3:5, 4:4, 5:3, 6:2 or 7:1. Classical reassortants 

15 usually have a majority of segments from the donor strain, in particular a ratio of 6:2. Where only a 

single donor strain is used, it is preferred that all backbone segments are from PR8-X as such 

reassortant influenza viruses grow fast in cell culture. 

The reassortant viruses of the invention can contain the backbone segments from two or more (i. e. 

three, four, five or six) donor strains. When the reassortant viruses comprise backbone segments 

20 from two donor strains, the reassortant virus will generally include segments from the first donor 

strain, the second donor strain and the vaccine strain in a ratio of 1:1:6, 1:2:5, 1:3:4, 1:4:3, 1:5:2, 

1:6:1, 2:1:5, 2:2:4, 2:3:3, 2:4:2, 2:5:1, 3:1:2, 3:2:1, 4:1:3, 4:2:2, 4:3:1, 5:1:2, 5:2:1 or 6:1:1. The 

reassortant influenza viruses may also comprise viral segments from more than two, for example 

from three, four, five or six donor strains. 

25 Where the reassortant influenza virus comprises backbone segments from two or three donor strains, 

each donor strain may provide more than one of the backbone segments of the reassortant influenza 

virus, but one or two of the donor strains can also provide only a single backbone segment. 

Where the reassortant influenza virus comprises backbone segments from two, three, four or five 

donor strains, one or two of the donor strains may provide more than one of the backbone segments 

30 of the reassortant influenza virus. In general, the reassortant influenza virus cannot comprise more 

than six backbone segments. Accordingly, for example, if one of the donor strains provides five of 

the viral segments, the reassortant influenza virus can only comprise backbone segments from a total 

of two different donor strains. 
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In general a reassortant influenza virus will contain only one of each backbone segment. For 

example, when the influenza virus comprises the NP segment from A/California/07/09 it will not at 

the same time comprise the NP segment from another influenza strain. 

The reassortant influenza virus may comprise the HA ectodomain from an influenza A strain. For 

5 example, the reassortant influenza virus may have the influenza A virus HA subtypes H1, H2, H3, 

H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, H16 or H17. In addition, or alternatively, 

the reassortant influenza virus may comprise the NA ectodomain from an influenza A virus. For 

example, it may have the influenza A virus NA subtypes N1, N2, N3, N4, N5, N6, N7, N8 or N9. 

Where the vaccine strain is a seasonal influenza strain, it may have a H1 or H3 subtype. 	In one 

10 aspect of the invention the vaccine strain is a H1N1, a H3N2 or a H7N9 strain. 

The reassortant influenza virus preferably comprises at least one backbone segment from the donor 

strain PR8-X. Thus, the influenza viruses of the invention may comprise one or more segments 

selected from: a PA segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 

99% or 100% identity to the sequence of SEQ ID NO: 9, a PB1 segment having at least 95%, at least 

15 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 10, a 

PB2 segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% 

identity to the sequence of SEQ ID NO: 11, a NP segment having at least 95%, at least 96%, at least 

97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 12, a M segment 

having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the 

20 sequence of SEQ ID NO: 13, and/or a NS segment having at least 95%, at least 96%, at least 97%, at 

least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 14. The reassortant 

influenza virus may comprise all of these backbone segments. This is particularly preferred as the 

inventors have shown that reassortant influenza viruses comprising a chimeric HA and/or NA 

segment in combination with this backbone grow particularly well in cell culture. 

25 Alternatively, or in addition, the reassortant influenza virus may comprise one or more backbone 

viral segments from the 105p30 strain. Thus, where the reassortant influenza virus comprises one or 

more segments from the 105p30 strain, the viral segments may have sequences selected from: a PA 

segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity 

to the sequence of SEQ ID NO: 42, a PB1 segment having at least 95%, at least 96%, at least 97%, at 

30 least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 43, a PB2 segment having 

at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence 

of SEQ ID NO: 44, a NP segment having at least 95%, at least 96%, at least 97%, at least 98%, at 

least 99% or 100% identity to the sequence of SEQ ID NO: 45, a M segment having at least 95%, at 

least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 

35 46, and/or a NS segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 

100% identity to the sequence of SEQ ID NO: 47. The reassortant influenza virus may comprise all 

of these backbone segments. 
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In general a reassortant influenza virus will contain only one of each backbone segment. For 
example, when the influenza virus comprises the NP segment from A/California/07/09 it will not at 
the same time comprise the NP segment from another influenza strain. 

The reassortant influenza virus may comprise the HA ectodomain from an influenza A strain. For 
5 example, the reassortant influenza virus may have the influenza A virus HA subtypes HI, H2, H3, 

H4, H5, H6, H7, H8, H9, H10, HI 1, H12, H13, H14, H15, H16 or H17. In addition, or alternatively, 
the reassortant influenza virus may comprise the NA ectodomain from an influenza A virus. For 
example, it may have the influenza A virus NA subtypes Nl, N2, N3, N4, N5, N6, N7, N8 or N9. 
Where the vaccine strain is a seasonal influenza strain, it may have a HI or H3 subtype. In one 

10 aspect of the invention the vaccine strain is a H1N1, a H3N2 or a H7N9 strain. 

The reassortant influenza virus preferably comprises at least one backbone segment from the donor 
strain PR8-X. Thus, the influenza viruses of the invention may comprise one or more segments 
selected from: a PA segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 
99% or 100% identity to the sequence of SEQ ID NO: 9, a PB1 segment having at least 95%, at least 

15 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 10, a 
PB2 segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% 
identity to the sequence of SEQ ID NO: 11, a NP segment having at least 95%, at least 96%, at least 
97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 12, a M segment 
having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the 

20 sequence of SEQ ID NO: 13, and/or a NS segment having at least 95%, at least 96%, at least 97%, at 
least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 14. The reassortant 
influenza virus may comprise all of these backbone segments. This is particularly preferred as the 
inventors have shown that reassortant influenza viruses comprising a chimeric HA and/or NA 
segment in combination with this backbone grow particularly well in cell culture. 

25 Alternatively, or in addition, the reassortant influenza virus may comprise one or more backbone 
viral segments from the 105p30 strain. Thus, where the reassortant influenza virus comprises one or 
more segments from the 105p30 strain, the viral segments may have sequences selected from: a PA 
segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity 
to the sequence of SEQ ID NO: 42, a PB1 segment having at least 95%, at least 96%, at least 97%, at 

30 least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 43, a PB2 segment having 
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence 
of SEQ ID NO: 44, a NP segment having at least 95%, at least 96%, at least 97%, at least 98%, at 
least 99% or 100% identity to the sequence of SEQ ID NO: 45, a M segment having at least 95%, at 
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to the sequence of SEQ ID NO: 

35 46, and/or a NS segment having at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 
100% identity to the sequence of SEQ ID NO: 47. The reassortant influenza virus may comprise all 
of these backbone segments. 
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Reassortant influenza viruses with backbone segments from two or more influenza donor strains may 

comprise the HA segment and the PB1 segment from different influenza strains. In these reassortant 

influenza viruses the PB1 segment may be from donor viruses with the same influenza virus HA 

subtype as the vaccine strain. For example, the PB1 segment and the HA segment may both be from 

5 influenza viruses with a H1 subtype. The reassortant influenza viruses may also comprise the HA 

segment and the PB1 segment from different influenza strains with different influenza virus HA 

subtypes, wherein the PB1 segment is not from an influenza virus with a H3 HA subtype and/or 

wherein the HA segment is not from an influenza virus with a H1 or H5 HA subtype. For example, 

the PB1 segment may be from a H1 virus and/or the HA segment may be from a H3 influenza virus. 

10 Where the reassortants contain viral segments from more than one influenza donor strain, the further 

donor strain(s) can be any donor strain. For example, some of the viral segments may be from the 

A/Puerto Rico/8/34 or A/Ann Arbor/6/60 influenza strains. Reassortants containing viral segments 

from the A/Ann Arbor/6/60 strain may be advantageous, for example, where the reassortant virus is 

to be used in a live attenuated influenza vaccine. 

15 The reassortant influenza virus may also comprise backbone segments from two or more influenza 

donor strains, wherein the PB1 segment is from the A/California/07/09 influenza strain. 	This 

segment may have at least 95% identity, at least 96% identity, at least 97% identity, at least 98% 

identity, at least 99% identity or 100% identity with the sequence of SEQ ID NO: 24. 	The 

reassortant influenza virus may have the H1 HA subtype. It will be understood that a reassortant 

20 influenza virus according to this aspect of the invention will not comprise the HA and/or NA 

segments from A/California/07/09. 

The reassortant influenza strain may comprise the HA ectodomain and/or the NA ectodomain from 

an A/California/4/09 strain. 	Thus, for instance, the HA gene segment may encode a H1 

hemagglutinin whose ectodomain is more closely related to SEQ ID NO: 70 than to SEQ ID NO: 50 

25 (i.e. has a higher degree sequence identity when compared to SEQ ID NO: 70 than to SEQ ID NO: 

50 using the same algorithm and parameters). SEQ ID NOs: 70 and 50 are 80% identical. Similarly, 

the NA gene may encode a N1 neuraminidase which is more closely related to SEQ ID NO: 99 than 

to SEQ ID NO: 51. SEQ ID NOs: 99 and 51 are 82% identical. 

The reassortant influenza virus may also comprise at least one backbone viral segment from the 

30 

35 

A/California/07/09 influenza strain. When the at least one backbone viral segment is the PA segment 

it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 

the sequence of SEQ ID NO: 23. When the at least one backbone viral segment is the PB1 segment, 

it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 

the sequence of SEQ ID NO: 24. When the at least one backbone viral segment is the PB2 segment, 

it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 

the sequence of SEQ ID NO: 25. When the at least one backbone viral segment is the NP segment it 

may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 

13 

WO 2014/195920 PCT/IB2014/062030 

Reassortant influenza viruses with backbone segments from two or more influenza donor strains may 
comprise the HA segment and the PB1 segment from different influenza strains. In these reassortant 
influenza viruses the PB1 segment may be from donor viruses with the same influenza virus HA 
subtype as the vaccine strain. For example, the PB1 segment and the HA segment may both be from 

5 influenza viruses with a HI subtype. The reassortant influenza viruses may also comprise the HA 
segment and the PB1 segment from different influenza strains with different influenza virus HA 
subtypes, wherein the PB1 segment is not from an influenza virus with a H3 HA subtype and/or 
wherein the HA segment is not from an influenza virus with a HI or H5 HA subtype. For example, 
the PB1 segment may be from a HI virus and/or the HA segment may be from a H3 influenza virus. 

10 Where the reassortants contain viral segments from more than one influenza donor strain, the further 
donor strain(s) can be any donor strain. For example, some of the viral segments may be from the 
A/Puerto Rico/8/34 or A/Ann Arbor/6/60 influenza strains. Reassortants containing viral segments 
from the A/Ann Arbor/6/60 strain may be advantageous, for example, where the reassortant virus is 
to be used in a live attenuated influenza vaccine. 

15 The reassortant influenza virus may also comprise backbone segments from two or more influenza 
donor strains, wherein the PB1 segment is from the A/California/07/09 influenza strain. This 
segment may have at least 95% identity, at least 96% identity, at least 97% identity, at least 98% 
identity, at least 99% identity or 100% identity with the sequence of SEQ ID NO: 24. The 
reassortant influenza virus may have the HI HA subtype. It will be understood that a reassortant 

20 influenza virus according to this aspect of the invention will not comprise the HA and/or NA 
segments from A/California/07/09. 

The reassortant influenza strain may comprise the HA ectodomain and/or the NA ectodomain from 
an A/California/4/09 strain. Thus, for instance, the HA gene segment may encode a HI 
hemagglutinin whose ectodomain is more closely related to SEQ ID NO: 70 than to SEQ ID NO: 50 

25 (i.e. has a higher degree sequence identity when compared to SEQ ID NO: 70 than to SEQ ID NO: 
50 using the same algorithm and parameters). SEQ ID NOs: 70 and 50 are 80% identical. Similarly, 
the NA gene may encode a Nl neuraminidase which is more closely related to SEQ ID NO: 99 than 
to SEQ ID NO: 51. SEQ ID NOs: 99 and 51 are 82% identical. 

The reassortant influenza virus may also comprise at least one backbone viral segment from the 
30 A/California/07/09 influenza strain. When the at least one backbone viral segment is the PA segment 

it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 
the sequence of SEQ ID NO: 23. When the at least one backbone viral segment is the PB1 segment, 
it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 
the sequence of SEQ ID NO: 24. When the at least one backbone viral segment is the PB2 segment, 

35 it may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with 
the sequence of SEQ ID NO: 25. When the at least one backbone viral segment is the NP segment it 
may have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 
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sequence of SEQ ID NO: 26. When the at least one backbone viral segment is the M segment it may 

have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 

sequence of SEQ ID NO: 27. When the at least one backbone viral segment is the NS segment it may 

have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 

5 sequence of SEQ ID NO: 28. 

Where a reassortant influenza virus comprises the PB1 segment from A/Texas/1/77, it preferably 

does not comprise the PA, NP or M segment from A/Puerto Rico/8/34. Where a reassortant influenza 

A virus comprises the PA, NP or M segment from A/Puerto Rico/8/34, it preferably does not 

comprise the PB1 segment from A/Texas/1/77. In some embodiments, the invention does not 

10 encompass reassortant influenza viruses which have the PB1 segment from A/Texas/1/77 and the 

PA, NP and M segments from A/Puerto Rico/8/34. The PB1 protein from A/Texas/1/77 may have 

the sequence of SEQ ID NO: 29 and the PA, NP or M proteins from A/Puerto Rico/8/34 may have 

the sequence of SEQ ID NOs 30, 31 or 32, respectively. 

Particularly preferred are reassortant influenza viruses which comprise a chimeric HA and/or NA 

15 segment according to the invention (preferably both), the NP, PB1 and PB2 segments from 105p30 

and the M, NS and PA segments from PR8-X. Also particularly preferred are reassortant influenza 

viruses which comprise a chimeric HA and/or NA segment according to the invention (preferably 

both), the PB1 segment from A/California/4/09 and the other backbone segments from PR8-X. Such 

reassortant influenza viruses are preferred because the inventors have found that they grow very well 

20 in cell culture and provide very good HA yields. 

The backbone viral segments may encode viral proteins which are optimized for culture in the 

specific culture host. For example, where the reassortant influenza viruses are cultured in mammalian 

cells, it is advantageous to adapt at least one of the viral segments for optimal growth in the culture 

host. For instance, where the expression host is a canine cell, such as a MDCK cell line, the viral 

25 segments may encode proteins which have a sequence that optimises viral growth in the cell. Thus, 

the reassortant influenza viruses of the invention may comprise a PB2 segment which encodes a PB2 

protein that has lysine in the position corresponding to amino acid 389 of SEQ ID NO: 3 when 

aligned to SEQ ID NO: 3 using a pairwise alignment algorithm, and/or asparagine in the position 

corresponding to amino acid 559 of SEQ ID NO: 3 when aligned to SEQ ID NO: 3 using a pairwise 

30 alignment algorithm. Also provided are reassortant influenza viruses in accordance with the 

invention in which the PA segment encodes a PA protein that has lysine in the position 

corresponding to amino acid 327 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1 using a pairwise 

alignment algorithm, and/or aspartic acid in the position corresponding to amino acid 444 of SEQ ID 

NO: 1 when aligned to SEQ ID NO: 1, using a pairwise alignment algorithm, and/or aspartic acid in 

35 the position corresponding to amino acid 675 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1, 

using a pairwise alignment algorithm. The reassortant influenza strains of the invention may also 

have a NP segment which encodes a NP protein with threonine in the position corresponding to 
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sequence of SEQ ID NO: 26. When the at least one backbone viral segment is the M segment it may 
have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 
sequence of SEQ ID NO: 27. When the at least one backbone viral segment is the NS segment it may 
have a sequence having at least 95%, at least 96%, at least 97% or at least 99% identity with the 

5 sequence of SEQ ID NO: 28. 

Where a reassortant influenza virus comprises the PB1 segment from A/Texas/1/77, it preferably 
does not comprise the PA, NP or M segment from A/Puerto Rico/8/34. Where a reassortant influenza 
A virus comprises the PA, NP or M segment from A/Puerto Rico/8/34, it preferably does not 
comprise the PB1 segment from A/Texas/1/77. In some embodiments, the invention does not 

10 encompass reassortant influenza viruses which have the PB1 segment from A/Texas/1/77 and the 
PA, NP and M segments from A/Puerto Rico/8/34. The PB1 protein from A/Texas/1/77 may have 
the sequence of SEQ ID NO: 29 and the PA, NP or M proteins from A/Puerto Rico/8/34 may have 
the sequence of SEQ ID NOs 30, 31 or 32, respectively. 

Particularly preferred are reassortant influenza viruses which comprise a chimeric HA and/or NA 
15 segment according to the invention (preferably both), the NP, PB1 and PB2 segments from 105p30 

and the M, NS and PA segments from PR8-X. Also particularly preferred are reassortant influenza 
viruses which comprise a chimeric HA and/or NA segment according to the invention (preferably 
both), the PB1 segment from A/California/4/09 and the other backbone segments from PR8-X. Such 
reassortant influenza viruses are preferred because the inventors have found that they grow very well 

20 in cell culture and provide very good HA yields. 

The backbone viral segments may encode viral proteins which are optimized for culture in the 
specific culture host. For example, where the reassortant influenza viruses are cultured in mammalian 
cells, it is advantageous to adapt at least one of the viral segments for optimal growth in the culture 
host. For instance, where the expression host is a canine cell, such as a MDCK cell line, the viral 

25 segments may encode proteins which have a sequence that optimises viral growth in the cell. Thus, 
the reassortant influenza viruses of the invention may comprise a PB2 segment which encodes a PB2 
protein that has lysine in the position corresponding to amino acid 389 of SEQ ID NO: 3 when 
aligned to SEQ ID NO: 3 using a pairwise alignment algorithm, and/or asparagine in the position 
corresponding to amino acid 559 of SEQ ID NO: 3 when aligned to SEQ ID NO: 3 using a pairwise 

30 alignment algorithm. Also provided are reassortant influenza viruses in accordance with the 
invention in which the PA segment encodes a PA protein that has lysine in the position 
corresponding to amino acid 327 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1 using a pairwise 
alignment algorithm, and/or aspartic acid in the position corresponding to amino acid 444 of SEQ ID 
NO: 1 when aligned to SEQ ID NO: 1, using a pairwise alignment algorithm, and/or aspartic acid in 

35 the position corresponding to amino acid 675 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1, 
using a pairwise alignment algorithm. The reassortant influenza strains of the invention may also 
have a NP segment which encodes a NP protein with threonine in the position corresponding to 
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amino acid 27 of SEQ ID NO: 4 when aligned to SEQ ID NO: 4 using a pairwise alignment 

algorithm, and/or asparagine in the position corresponding to amino acid 375 of SEQ ID NO: 4 when 

aligned to SEQ ID NO: 4, using a pairwise alignment algorithm. Variant influenza strains may also 

comprise two or more of these mutations. It is preferred that the variant influenza virus contains a 

5 variant PB2 protein with both of the amino acids changes identified above, and/or a PA protein 

which contains all three of the amino acid changes identified above, and/or a NP protein which 

contains both of the amino acid changes identified above. The influenza virus may be a H1 strain. 

Alternatively, or in addition, the reassortant influenza viruses may comprise a PB1 segment which 

encodes a PB1 protein that has isoleucine in the position corresponding to amino acid 200 of SEQ ID 

10 NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment algorithm, and/or asparagine in the 

position corresponding to amino acid 338 of SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a 

pairwise alignment algorithm, and/or isoleucine in the position corresponding to amino acid 529 of 

SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment algorithm, and/or 

isoleucine in the position corresponding to amino acid 591 of SEQ ID NO: 2 when aligned to SEQ 

15 ID NO: 2 using a pairwise alignment algorithm, and/or histidine in the position corresponding to 

amino acid 687 of SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment 

algorithm, and/or lysine in the position corresponding to amino acid 754 of SEQ ID NO: 2 when 

aligned to SEQ ID NO: 2 using a pairwise alignment algorithm. 

The choice of donor strain for use in the methods of the invention can depend on the vaccine strain 

20 which is to be reassorted. As reassortants between evolutionary distant strains might not replicate 

well in cell culture, it is possible that the donor strain and the vaccine strain have the same HA and/or 

NA subtype. In other embodiments, however, the vaccine strain and the donor strain can have 

different HA and/or NA subtypes, and this arrangement can facilitate selection for reassortant viruses 

that contain the HA and/or NA segment from the vaccine strain. Therefore, although the 105p30 and 

25 PR8-X strains contain the H1 influenza subtype these donor strains can be used for vaccine strains 

which do not contain the H1 influenza subtype. 

Thus, an influenza virus may comprises one, two, three, four, five, six or seven viral segments from 

the 105p30 or PR8-X strains and a HA segment which is not of the H1 subtype. The reassortant 

donor strains may further comprise an NA segment which is not of the N1 subtype. 

30 Strains which can be used as vaccine strains include strains which are resistant to antiviral therapy 

(e.g. resistant to oseltamivir [8] and/or zanamivir), including resistant pandemic strains [9]. 

The reassortant influenza virus may be an influenza B virus. For example, the reassortant influenza 

virus may comprises the HA ectodomain from a first influenza B virus and the NP and/or PB2 

segment 	from 	a 	second 	influenza 	B 	virus 	which 	is 	a 	B/Victoria/2/87-like 	strain. 	The 

35 B/Victoria/2/87-like strain may be B/Brisbane/60/08. 
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amino acid 27 of SEQ ID NO: 4 when aligned to SEQ ID NO: 4 using a pairwise alignment 
algorithm, and/or asparagine in the position corresponding to amino acid 375 of SEQ ID NO: 4 when 
aligned to SEQ ID NO: 4, using a pairwise alignment algorithm. Variant influenza strains may also 
comprise two or more of these mutations. It is preferred that the variant influenza virus contains a 

5 variant PB2 protein with both of the amino acids changes identified above, and/or a PA protein 
which contains all three of the amino acid changes identified above, and/or a NP protein which 
contains both of the amino acid changes identified above. The influenza virus may be a HI strain. 

Alternatively, or in addition, the reassortant influenza viruses may comprise a PB1 segment which 
encodes a PB1 protein that has isoleucine in the position corresponding to amino acid 200 of SEQ ID 

10 NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment algorithm, and/or asparagine in the 
position corresponding to amino acid 338 of SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a 
pairwise alignment algorithm, and/or isoleucine in the position corresponding to amino acid 529 of 
SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment algorithm, and/or 
isoleucine in the position corresponding to amino acid 591 of SEQ ID NO: 2 when aligned to SEQ 

15 ID NO: 2 using a pairwise alignment algorithm, and/or histidine in the position corresponding to 
amino acid 687 of SEQ ID NO: 2 when aligned to SEQ ID NO: 2 using a pairwise alignment 
algorithm, and/or lysine in the position corresponding to amino acid 754 of SEQ ID NO: 2 when 
aligned to SEQ ID NO: 2 using a pairwise alignment algorithm. 

The choice of donor strain for use in the methods of the invention can depend on the vaccine strain 
20 which is to be reassorted. As reassortants between evolutionary distant strains might not replicate 

well in cell culture, it is possible that the donor strain and the vaccine strain have the same HA and/or 
NA subtype. In other embodiments, however, the vaccine strain and the donor strain can have 
different HA and/or NA subtypes, and this arrangement can facilitate selection for reassortant viruses 
that contain the HA and/or NA segment from the vaccine strain. Therefore, although the 105p30 and 

25 PR8-X strains contain the HI influenza subtype these donor strains can be used for vaccine strains 
which do not contain the HI influenza subtype. 

Thus, an influenza virus may comprises one, two, three, four, five, six or seven viral segments from 
the 105p30 or PR8-X strains and a HA segment which is not of the HI subtype. The reassortant 
donor strains may further comprise an NA segment which is not of the Nl subtype. 

30 Strains which can be used as vaccine strains include strains which are resistant to antiviral therapy 
(e.g. resistant to oseltamivir [8] and/or zanamivir), including resistant pandemic strains [9], 

The reassortant influenza virus may be an influenza B virus. For example, the reassortant influenza 
virus may comprises the HA ectodomain from a first influenza B virus and the NP and/or PB2 
segment from a second influenza B virus which is a B/Victoria/2/87-like strain. The 

35 B/Victoria/2/87-like strain may be B/Brisbane/60/08. 
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The reassortant influenza B virus may comprise the HA ectodomain from a first influenza B virus 

and the NP segment from a second influenza B virus which is not B/Lee/40 or B/Ann Arbor/1/66 or 

B/Panama/45/90. For example, the reassortant influenza B virus may have a NP segment which does 

not have the sequence of SEQ ID NOs: 80, 100, 103 or 104. The reassortant influenza B virus may 

5 also have a NP segment which does not encode the protein of SEQ ID NOs: 19, 23, 44 or 45. The 

reassortant influenza B virus may comprise both the NP and PB2 segments from the second 

influenza B virus. The second influenza B virus is preferably a B/Victoria/2/87-like strain. The 

B/Victoria/2/87-like strain may be B/Brisbane/60/08. 

The reassortant influenza B virus may comprise the HA ectodomain from a B/Yamagata/16/88-like 

10 strain and at least one backbone segment from a B/Victoria/2/87-like strain. The reassortant influenza 

B virus may comprise two, three, four, five or six backbone segments from the B/Victoria/2/87-like 

strain. In a preferred embodiment, the reassortant influenza B virus comprises all the backbone 

segments 	from 	the 	B/Victoria/2/87-like 	strain. 	The 	B/Victoria/2/87-like 	strain 	may 	be 

B/Brisbane/60/08. 

15 The reassortant influenza B virus may comprise viral segments from a B/Victoria/2/87-like strain and 

a B/Yamagata/16/88-like strain, wherein the ratio of segments from the B/Victoria/2/87-like strain 

and the B/Yamagata/16/88-like strain is 1:7, 2:6, 4:4, 5:3, 6:2 or 7:1. A ratio of 7:1, 6:2, 4:4, 3:4 or 

1:7, in particular a ratio of 4:4, is preferred because such reassortant influenza B viruses grow 

particularly well in a culture host. The B/Victoria/2/87-like strain may be B/Brisbane/60/08. The 

20 B/Yamagata/16/88-like strain may be B/Panama/45/90. In these embodiments, the reassortant 

influenza B virus usually does not comprise all backbone segments from the same influenza B donor 

strain. 

The reassortant influenza B virus may comprise: 

a) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 

25 SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 

segment of SEQ ID NO: 75; or 

b) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 78, the PB2 segment of 

SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 82 and the M 

segment of SEQ ID NO: 81; or 

30 c) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 78, the PB2 segment of 

SEQ ID NO: 79, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 

segment of SEQ ID NO: 75; or 

d) the PA segment of SEQ ID NO: 30, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 

SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 

35 segment of SEQ ID NO: 75, or 
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The reassortant influenza B virus may comprise the HA ectodomain from a first influenza B virus 
and the NP segment from a second influenza B virus which is not B/Lee/40 or B/Ann Arbor/1/66 or 
B/Panama/45/90. For example, the reassortant influenza B virus may have a NP segment which does 
not have the sequence of SEQ ID NOs: 80, 100, 103 or 104. The reassortant influenza B virus may 

5 also have a NP segment which does not encode the protein of SEQ ID NOs: 19, 23, 44 or 45. The 
reassortant influenza B virus may comprise both the NP and PB2 segments from the second 
influenza B virus. The second influenza B virus is preferably a B/Victoria/2/87-like strain. The 
B/Victoria/2/87-like strain may be B/Brisbane/60/08. 

The reassortant influenza B virus may comprise the HA ectodomain from a B/Yamagata/16/88-like 
10 strain and at least one backbone segment from a B/Victoria/2/87-like strain. The reassortant influenza 

B virus may comprise two, three, four, five or six backbone segments from the B/Victoria/2/87-like 
strain. In a preferred embodiment, the reassortant influenza B virus comprises all the backbone 
segments from the B/Victoria/2/87-like strain. The B/Victoria/2/87-like strain may be 
B/Brisbane/60/08. 

15 The reassortant influenza B virus may comprise viral segments from a B/Victoria/2/87-like strain and 
a B/Yamagata/16/88-like strain, wherein the ratio of segments from the B/Victoria/2/87-like strain 
and the B/Yamagata/16/88-like strain is 1:7, 2:6, 4:4, 5:3, 6:2 or 7:1. A ratio of 7:1, 6:2, 4:4, 3:4 or 
1:7, in particular a ratio of 4:4, is preferred because such reassortant influenza B viruses grow 
particularly well in a culture host. The B/Victoria/2/87-like strain may be B/Brisbane/60/08. The 

20 B/Yamagata/16/88-like strain may be B/Panama/45/90. In these embodiments, the reassortant 
influenza B virus usually does not comprise all backbone segments from the same influenza B donor 
strain. 

The reassortant influenza B virus may comprise: 

a) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 
25 SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 

segment of SEQ ID NO: 75; or 

b) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 78, the PB2 segment of 
SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 82 and the M 
segment of SEQ ID NO: 81; or 

30 c) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 78, the PB2 segment of 
SEQ ID NO: 79, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 
segment of SEQ ID NO: 75; or 

d) the PA segment of SEQ ID NO: 30, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 
SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 76 and the M 

35 segment of SEQ ID NO: 75, or 
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e) 	the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 

SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 82 and the M 

segment of SEQ ID NO: 81. 

Influenza B viruses currently do not display different HA subtypes, but influenza B virus strains do 

5 fall into two distinct lineages. These lineages emerged in the late 1980s and have HAs which can be 

antigenically and/or genetically distinguished from each other [10]. Current influenza B virus strains 

are either B/Victoria/2/87-like or B/Yamagata/16/88-like. These strains are usually distinguished 

antigenically, but differences in amino acid sequences have also been described for distinguishing the 

two lineages e.g. B/Yamagata/16/88-like strains often (but not always) have HA proteins with 

10 deletions at amino acid residue 164, numbered relative to the lee40' HA sequence [11]. In some 

embodiments, the reassortant influenza B viruses of the invention may comprise viral segments from 

a B/Victoria/2/87-like strain. They may comprise viral segments from a B/Yamagata/16/88-like 

strain. Alternatively, they may comprise viral segments from a B/Victoria/2/87-like strain and a 

B/Yamagata/16/88-like strain. 

15 Where the reassortant influenza B virus comprises viral segments from two or more influenza B 

virus strains, these viral segments may be from influenza strains which have related neuraminidases. 

For 	instance, 	the 	influenza 	strains 	which 	provide 	the 	viral 	segments 	may 	both 	have 	a 

B/Victoria/2/87-like neuraminidase [12] or may both have a B/Yamagata/16/88-like neuraminidase. 

For example, two B/Victoria/2/87-like neuraminidases may both have one or more of the following 

20 sequence characteristics: (1) not a serine at residue 27, but preferably a leucine; (2) not a glutamate at 

residue 44, but preferably a lysine; (3) not a threonine at residue 46, but preferably an isoleucine; 

(4) not a proline at residue 51, but preferably a serine; (5) not an arginine at residue 65, but 

preferably a histidine; (6) not a glycine at residue 70, but preferably a glutamate; (7) not a leucine at 

residue 73, but preferably a phenylalanine; and/or (8) not a proline at residue 88, but preferably a 

25 glutamine. Similarly, in some embodiments the neuraminidase may have a deletion at residue 43, or 

it may have a threonine; a deletion at residue 43, arising from a trinucleotide deletion in the NA gene, 

which has been reported as a characteristic of B/Victoria/2/87-like strains, although recent strains 

have regained Thr-43 [12]. Conversely, of course, the opposite characteristics may be shared by two 

B/Yamagata/16/88-like neuraminidases e.g. S27, E44, T46, P51, R65, G70, L73, and/or P88. These 

30 amino acids are numbered relative to the lee40' neuraminidase sequence [13]. The reassortant 

influenza B virus may comprise a NA segment with the characteristics described above. 

Alternatively, or in addition, the reassortant influenza B virus may comprise a viral segment (other 

than NA) from an influenza strain with a NA segment with the characteristics described above. 

The backbone viral segments of an influenza B virus which is a B/Victoria/2/87-like strain can have 

35 a higher level of identity to the corresponding viral segment from B/Victoria/2/87 than it does to the 

corresponding viral segment of B/Yamagata/16/88 and vice versa. For example, the NP segment of 
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e) the PA segment of SEQ ID NO: 71, the PB1 segment of SEQ ID NO: 72, the PB2 segment of 
SEQ ID NO: 73, the NP segment of SEQ ID NO: 74, the NS segment of SEQ ID NO: 82 and the M 
segment of SEQ ID NO: 81. 

Influenza B viruses currently do not display different HA subtypes, but influenza B virus strains do 
5 fall into two distinct lineages. These lineages emerged in the late 1980s and have HAs which can be 

antigenically and/or genetically distinguished from each other [10], Current influenza B virus strains 
are either B/Victoria/2/87-like or B/Yamagata/16/88-like. These strains are usually distinguished 
antigenically, but differences in amino acid sequences have also been described for distinguishing the 
two lineages e.g. B/Yamagata/16/88-like strains often (but not always) have HA proteins with 

10 deletions at amino acid residue 164, numbered relative to the 'Lee40' HA sequence [11], In some 
embodiments, the reassortant influenza B viruses of the invention may comprise viral segments from 
a B/Victoria/2/87-like strain. They may comprise viral segments from a B/Yamagata/16/88-like 
strain. Alternatively, they may comprise viral segments from a B/Victoria/2/87-like strain and a 
B/Yamagata/16/88-like strain. 

15 Where the reassortant influenza B virus comprises viral segments from two or more influenza B 
virus strains, these viral segments may be from influenza strains which have related neuraminidases. 
For instance, the influenza strains which provide the viral segments may both have a 
B/Victoria/2/87-like neuraminidase [12] or may both have a B/Yamagata/16/88-like neuraminidase. 
For example, two B/Victoria/2/87-like neuraminidases may both have one or more of the following 

20 sequence characteristics: (1) not a serine at residue 27, but preferably a leucine; (2) not a glutamate at 
residue 44, but preferably a lysine; (3) not a threonine at residue 46, but preferably an isoleucine; 
(4) not a proline at residue 51, but preferably a serine; (5) not an arginine at residue 65, but 
preferably a histidine; (6) not a glycine at residue 70, but preferably a glutamate; (7) not a leucine at 
residue 73, but preferably a phenylalanine; and/or (8) not a proline at residue 88, but preferably a 

25 glutamine. Similarly, in some embodiments the neuraminidase may have a deletion at residue 43, or 
it may have a threonine; a deletion at residue 43, arising from a trinucleotide deletion in the NA gene, 
which has been reported as a characteristic of B/Victoria/2/87-like strains, although recent strains 
have regained Thr-43 [12], Conversely, of course, the opposite characteristics may be shared by two 
B/Yamagata/16/88-like neuraminidases e.g. S27, E44, T46, P51, R65, G70, L73, and/or P88. These 

30 amino acids are numbered relative to the 'Lee40' neuraminidase sequence [13], The reassortant 
influenza B virus may comprise a NA segment with the characteristics described above. 
Alternatively, or in addition, the reassortant influenza B virus may comprise a viral segment (other 
than NA) from an influenza strain with a NA segment with the characteristics described above. 

The backbone viral segments of an influenza B virus which is a B/Victoria/2/87-like strain can have 
35 a higher level of identity to the corresponding viral segment from B/Victoria/2/87 than it does to the 

corresponding viral segment of B/Yamagata/16/88 and vice versa. For example, the NP segment of 
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B/Panama/45/90 (which is a B/Yamagata/16/88-like strain) has 99% identity to the NP segment of 

B/Yamagata/16/88 and only 96% identity to the NP segment of B/Victoria/2/87. 

Where the reassortant influenza B virus of the invention comprises a backbone viral segment from a 

B/Victoria/2/87-like strain, the viral segments may encode proteins with the following sequences. 

5 The PA protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 83. The PB1 protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 84. The PB2 protein may have at 

least 97%, at least 98%, at least 99% or 100% identity with the sequence of SEQ ID NO: 85. The NP 

protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity to the 

10 sequence of SEQ ID NO: 86. The M1  protein may have at least 97% identity, at least 98%, at least 

99% identity or 100% identity to the sequence of SEQ ID NO: 87. The M2 protein may have at least 

97% identity, at least 98%, at least 99% identity or 100% identity to the sequence of SEQ ID NO: 88. 

The NS1  protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 89. The NS2  protein may have at least 97% identity, at least 98%, at 

15 least 99% identity or 100% identity to the sequence of SEQ ID NO: 90. In some embodiments, the 

reassortant influenza B virus may also comprise all of these backbone segments. 

Where the reassortant influenza B viruses of the invention comprise a backbone viral segment from a 

B/Yamagata/16/88-like strain, the viral segment may encode proteins with the following sequences. 

The PA protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

20 to the sequence of SEQ ID NO: 91. The PB1 protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 92. The PB2 protein may have at 

least 97%, at least 98%, at least 99% or 100% identity with the sequence of SEQ ID NO: 93. The NP 

protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity to the 

sequence of SEQ ID NO: 94. The M1  protein may have at least 97% identity, at least 98%, at least 

25 99% identity or 100% identity to the sequence of SEQ ID NO: 95. The M2 protein may have at least 

97% identity, at least 98%, at least 99% identity or 100% identity to the sequence of SEQ ID NO: 96. 

The NS1  protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 97. The NS2  protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 98. 

30 The invention can be practised with donor strains having a viral segment that has at least about 70%, 

at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95% or 

at least about 99%, or 100% identity to a sequence of SEQ ID NOs 71-76 or 77-82. Due to the 

degeneracy of the genetic code, it is possible to have the same polypeptide encoded by several 

nucleic acids with different sequences. For example, the nucleic acid sequences of SEQ ID NOs: 33 

35 and 34 have only 73% identity even though they encode the same viral protein. Thus, the invention 

may be practised with viral segments that encode the same polypeptides as the sequences of SEQ ID 

NOs 71-76 or 77-82. 
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B/Panama/45/90 (which is a B/Yamagata/16/88-like strain) has 99% identity to the NP segment of 

B/Yamagata/16/88 and only 96% identity to the NP segment of B/Victoria/2/87. 

Where the reassortant influenza B virus of the invention comprises a backbone viral segment from a 

B/Victoria/2/87-like strain, the viral segments may encode proteins with the following sequences. 

5 The PA protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 83. The PB1 protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 84. The PB2 protein may have at 

least 97%, at least 98%, at least 99% or 100% identity with the sequence of SEQ ID NO: 85. The NP 

protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity to the 

10 sequence of SEQ ID NO: 86. The Mi protein may have at least 97% identity, at least 98%, at least 

99% identity or 100% identity to the sequence of SEQ ID NO: 87. The M2 protein may have at least 

97% identity, at least 98%, at least 99% identity or 100% identity to the sequence of SEQ ID NO: 88. 

The NSi protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 89. The NS2 protein may have at least 97% identity, at least 98%, at 

15 least 99% identity or 100% identity to the sequence of SEQ ID NO: 90. In some embodiments, the 

reassortant influenza B virus may also comprise all of these backbone segments. 

Where the reassortant influenza B viruses of the invention comprise a backbone viral segment from a 

B/Yamagata/16/88-like strain, the viral segment may encode proteins with the following sequences. 

The PA protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

20 to the sequence of SEQ ID NO: 91. The PB1 protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 92. The PB2 protein may have at 

least 97%, at least 98%, at least 99% or 100% identity with the sequence of SEQ ID NO: 93. The NP 

protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity to the 

sequence of SEQ ID NO: 94. The Mi protein may have at least 97% identity, at least 98%, at least 

25 99% identity or 100% identity to the sequence of SEQ ID NO: 95. The M2 protein may have at least 

97% identity, at least 98%, at least 99% identity or 100% identity to the sequence of SEQ ID NO: 96. 

The NSi protein may have at least 97% identity, at least 98%, at least 99% identity or 100% identity 

to the sequence of SEQ ID NO: 97. The NS2 protein may have at least 97% identity, at least 98%, at 

least 99% identity or 100% identity to the sequence of SEQ ID NO: 98. 

30 The invention can be practised with donor strains having a viral segment that has at least about 70%, 

at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95% or 

at least about 99%, or 100% identity to a sequence of SEQ ID NOs 71-76 or 77-82. Due to the 

degeneracy of the genetic code, it is possible to have the same polypeptide encoded by several 

nucleic acids with different sequences. For example, the nucleic acid sequences of SEQ ID NOs: 33 

35 and 34 have only 73% identity even though they encode the same viral protein. Thus, the invention 

may be practised with viral segments that encode the same polypeptides as the sequences of SEQ ID 

NOs 71-76 or 77-82. 
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The reassortant influenza virus may comprise segments from a vaccine strain which is an inter-

pandemic (seasonal) influenza vaccine strain. It may also comprise segments from a vaccine strain 

which is a pandemic strain or a potentially pandemic strain. The characteristics of an influenza strain 

that give it the potential to cause a pandemic outbreak are: (a) it contains a new hemagglutinin 

5 compared to the hemagglutinins in currently-circulating human strains, i.e. one that has not been 

evident in the human population for over a decade (e.g. H2), or has not previously been seen at all in 

the human population (e.g. H5, H6 or H9, that have generally been found only in bird populations), 

such that the human population will be immunologically naive to the strain's hemagglutinin; (b) it is 

capable of being transmitted horizontally in the human population; and (c) it is pathogenic to 

10 humans. A vaccine strain with H5 hemagglutinin type is preferred where the reassortant virus is used 

in vaccines for immunizing against pandemic influenza, such as a H5N1 strain. Other possible strains 

include H5N3, H9N2, H2N2, H7N1, H7N7 and H7N9, and any other emerging potentially pandemic 

strains. The invention is particularly suitable for producing reassortant viruses for use in vaccine for 

protecting against potential pandemic virus strains that can or have spread from a non-human animal 

15 population to humans, for example a swine-origin H1N1 influenza strain. 

Expression constructs 

The invention provides an expression construct which encodes the chimeric HA or NA segments of 

the invention. Further provided are expression constructs which encode the viral segments of a 

reassortant influenza virus of the invention. 

20 The invention also provides an expression construct encoding the HA and/or NA terminal domains of 

the chimeric HA and/or NA segments of the invention. These expression constructs are useful 

because the HA and NA ectodomains which need to be included in influenza vaccines change every 

season. The expression construct of this aspect of the invention may further encode one or more of 

the backbone segments. By including the terminal domains in the expression construct, it is 

25 necessary only to clone the ectodomain of the HA and/or NA segments of the circulating strain in 

order to provide the chimeric HA and/or NA molecule. The expression construct may comprise a 

restriction site between the SP and the TM domain which is useful as it facilitates cloning of the 

ectodomain. It is understood that the ectodomain needs to be cloned in frame with the terminal 

domains but this is well within the capabilities of a skilled person. 

30 Expression constructs may be uni-directional or bi-directional expression constructs. Where more 

than one expression construct is used to express the viral segments of a reassortant influenza virus, it 

is possible to use uni-directional and/or bi-directional expression. 

As influenza viruses require a protein for infectivity, it is generally preferred to use bi-directional 

expression constructs as this reduces the total number of expression constructs required by the host 

35 cell. Thus, the method of the invention may utilise at least one bi-directional expression construct 

wherein a gene or cDNA is located between an upstream pol II promoter and a downstream non- 
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The reassortant influenza virus may comprise segments from a vaccine strain which is an inter-

pandemic (seasonal) influenza vaccine strain. It may also comprise segments from a vaccine strain 

which is a pandemic strain or a potentially pandemic strain. The characteristics of an influenza strain 

that give it the potential to cause a pandemic outbreak are: (a) it contains a new hemagglutinin 

5 compared to the hemagglutinins in currently-circulating human strains, i.e. one that has not been 

evident in the human population for over a decade (e.g. H2), or has not previously been seen at all in 

the human population (e.g. H5, H6 or H9, that have generally been found only in bird populations), 

such that the human population will be immunologically naive to the strain's hemagglutinin; (b) it is 

capable of being transmitted horizontally in the human population; and (c) it is pathogenic to 

10 humans. A vaccine strain with H5 hemagglutinin type is preferred where the reassortant virus is used 

in vaccines for immunizing against pandemic influenza, such as a H5N1 strain. Other possible strains 

include H5N3, H9N2, H2N2, H7N1, H7N7 and H7N9, and any other emerging potentially pandemic 

strains. The invention is particularly suitable for producing reassortant viruses for use in vaccine for 

protecting against potential pandemic virus strains that can or have spread from a non-human animal 

15 population to humans, for example a swine-origin H1N1 influenza strain. 

Expression constructs 

The invention provides an expression construct which encodes the chimeric HA or NA segments of 

the invention. Further provided are expression constructs which encode the viral segments of a 

reassortant influenza virus of the invention. 

20 The invention also provides an expression construct encoding the HA and/or NA terminal domains of 

the chimeric HA and/or NA segments of the invention. These expression constructs are useful 

because the HA and NA ectodomains which need to be included in influenza vaccines change every 

season. The expression construct of this aspect of the invention may further encode one or more of 

the backbone segments. By including the terminal domains in the expression construct, it is 

25 necessary only to clone the ectodomain of the HA and/or NA segments of the circulating strain in 

order to provide the chimeric HA and/or NA molecule. The expression construct may comprise a 

restriction site between the SP and the TM domain which is useful as it facilitates cloning of the 

ectodomain. It is understood that the ectodomain needs to be cloned in frame with the terminal 

domains but this is well within the capabilities of a skilled person. 

30 Expression constructs may be uni-directional or bi-directional expression constructs. Where more 

than one expression construct is used to express the viral segments of a reassortant influenza virus, it 

is possible to use uni-directional and/or bi-directional expression. 

As influenza viruses require a protein for infectivity, it is generally preferred to use bi-directional 

expression constructs as this reduces the total number of expression constructs required by the host 

35 cell. Thus, the method of the invention may utilise at least one bi-directional expression construct 

wherein a gene or cDNA is located between an upstream pol II promoter and a downstream non-
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endogenous pol I promoter. Transcription of the gene or cDNA from the pol II promoter produces 

capped positive-sense viral mRNA which can be translated into a protein, while transcription from 

the non-endogenous pol I promoter produces negative-sense vRNA. The bi-directional expression 

construct may be a bi-directional expression vector. 

5 Bi-directional expression constructs contain at least two promoters which drive expression in 

different directions (i.e. both 5' to 3' and 3' to 5') from the same construct. The two promoters can be 

operably linked to different strands of the same double stranded DNA. Preferably, one of the 

promoters is a pol I promoter and at least one of the other promoters is a pol II promoter. This is 

useful as the pol I promoter can be used to express uncapped vRNAs while the pol II promoter can 

10 be used to transcribe mRNAs which can subsequently be translated into proteins, thus allowing 

simultaneous expression of RNA and protein from the same construct. Where more than one 

expression construct is used within an expression system, the promoters may be a mixture of 

endogenous and non-endogenous promoters. 

The pol I and pol II promoters used in the expression constructs may be endogenous to an organism 

15 from the same taxonomic order from which the host cell is derived. Alternatively, the promoters can 

be from an organism in a different taxonomic order than the host cell. The term "order" refers to 

conventional taxonomic ranking, 	and examples of orders are primates, 	rodentia, 	carnivora, 

marsupialia, cetacean, etc. Humans and chimpanzees are in the same taxonomic order (primates), but 

humans and dogs are in different orders (primates vs. carnivora). For example, the human pol I 

20 promoter can be used to express viral segments in canine cells (e.g. MDCK cells) [14]. 

25 

The expression construct will typically include an RNA transcription termination sequence. The 

termination sequence may be an endogenous termination sequence or a termination sequence which 

is not endogenous to the host cell. Suitable termination sequences will be evident to those of skill in 

the art and include, but are not limited to, RNA polymerase I transcription termination sequence, 

RNA polymerase II transcription termination sequence, and ribozymes. Furthermore, the expression 

constructs may contain one or more polyadenylation signals for mRNAs, particularly at the end of a 

gene whose expression is controlled by a pol II promoter. 

An expression construct may be a vector, such as a plasmid or other episomal construct. Such vectors 

will typically comprise at least one bacterial and/or eukaryotic origin of replication. Furthermore, the 

30 vector may comprise a selectable marker which allows for selection in prokaryotic and/or eukaryotic 

cells. Examples of such selectable markers are genes conferring resistance to antibiotics, such as 

ampicillin or kanamycin. The vector may further comprise one or more multiple cloning sites to 

facilitate cloning of a DNA sequence. 

As an alternative, an expression construct may be a linear expression construct. Such linear 

35 expression constructs will typically not contain any amplification and/or selection sequences. 

However, linear constructs comprising such amplification and/or selection sequences are also within 
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endogenous pol I promoter. Transcription of the gene or cDNA from the pol II promoter produces 
capped positive-sense viral mRNA which can be translated into a protein, while transcription from 
the non-endogenous pol I promoter produces negative-sense vRNA. The bi-directional expression 
construct may be a bi-directional expression vector. 

5 Bi-directional expression constructs contain at least two promoters which drive expression in 
different directions (i.e. both 5' to 3' and 3' to 5') from the same construct. The two promoters can be 
operably linked to different strands of the same double stranded DNA. Preferably, one of the 
promoters is a pol I promoter and at least one of the other promoters is a pol II promoter. This is 
useful as the pol I promoter can be used to express uncapped vRNAs while the pol II promoter can 

10 be used to transcribe mRNAs which can subsequently be translated into proteins, thus allowing 
simultaneous expression of RNA and protein from the same construct. Where more than one 
expression construct is used within an expression system, the promoters may be a mixture of 
endogenous and non-endogenous promoters. 

The pol I and pol II promoters used in the expression constructs may be endogenous to an organism 
15 from the same taxonomic order from which the host cell is derived. Alternatively, the promoters can 

be from an organism in a different taxonomic order than the host cell. The term "order" refers to 
conventional taxonomic ranking, and examples of orders are primates, rodentia, carnivora, 
marsupialia, cetacean, etc. Humans and chimpanzees are in the same taxonomic order (primates), but 
humans and dogs are in different orders (primates vs. carnivora). For example, the human pol I 

20 promoter can be used to express viral segments in canine cells (e.g. MDCK cells) [14], 

The expression construct will typically include an RNA transcription termination sequence. The 
termination sequence may be an endogenous termination sequence or a termination sequence which 
is not endogenous to the host cell. Suitable termination sequences will be evident to those of skill in 
the art and include, but are not limited to, RNA polymerase I transcription termination sequence, 

25 RNA polymerase II transcription termination sequence, and ribozymes. Furthermore, the expression 
constructs may contain one or more polyadenylation signals for mRNAs, particularly at the end of a 
gene whose expression is controlled by a pol II promoter. 

An expression construct may be a vector, such as a plasmid or other episomal construct. Such vectors 
will typically comprise at least one bacterial and/or eukaryotic origin of replication. Furthermore, the 

30 vector may comprise a selectable marker which allows for selection in prokaryotic and/or eukaryotic 
cells. Examples of such selectable markers are genes conferring resistance to antibiotics, such as 
ampicillin or kanamycin. The vector may further comprise one or more multiple cloning sites to 
facilitate cloning of a DNA sequence. 

As an alternative, an expression construct may be a linear expression construct. Such linear 
35 expression constructs will typically not contain any amplification and/or selection sequences. 

However, linear constructs comprising such amplification and/or selection sequences are also within 
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the scope of the present invention. Reference 15 describes a linear expression construct which 

describes individual linear expression constructs for each viral segment. It is also possible to include 

more than one, for example two, three four, five or six viral segments on the same linear expression 

construct. Such a system has been described, for example, in reference 16. 

5 Expression constructs can be generated using methods known in the art. Such methods were 

described, for example, in reference 17. Where the expression construct is a linear expression 

construct, it is possible to linearise it before introduction into the host cell utilising a single restriction 

enzyme site. Alternatively, it is possible to excise the expression construct from a vector using at 

least two restriction enzyme sites. Furthermore, it is also possible to obtain a linear expression 

10 construct by amplifying it using a nucleic acid amplification technique (e.g. by PCR). 

The expression constructs may be non-bacterial expression constructs. This means that the construct 

can drive expression in a eukaryotic cell of viral RNA segments encoded therein, but it does not 

include components which would be required for propagation of the construct in bacteria. Thus the 

construct will not include a bacterial origin of replication (ori), and usually will not include a 

15 bacterial selection marker (e.g. an antibiotic resistance marker). Such expression constructs are 

described in reference 18 which is incorporated by reference. 

The expression constructs may be prepared by chemical synthesis. The expression constructs may 

either be prepared entirely by chemical synthesis or in part. Suitable methods for preparing 

expression constructs by chemical synthesis are described, for example, in reference 18. 

20 The expression constructs of the invention can be introduced into host cells using any technique 

known to those of skill in the art. For example, expression constructs of the invention can be 

introduced into host cells by 	employing electroporation, DEAE-dextran, 	calcium phosphate 

precipitation, liposomes, microinj ection, or microparticle-bombardment. 

The expression construct(s) can be introduced into the same cell type which is subsequently used for 

25 the propagation of the influenza viruses. Alternatively, the cells into which the expression constructs 

are introduced and the cells used for propagation of the influenza viruses may be different. 

In some embodiments, cells may be added following the introduction of the expression construct(s) 

into the cell, as described in reference 19. This is particularly preferred because it increases the 

rescue efficiency of the viruses further and can thus help to reduce the time required for viral rescue. 

30 The cells which are added may be of the same or a different cell type as the cell into which the 

expression construct(a) is/are introduced, but it is preferred to use cells of the same cell type as this 

facilitates regulatory approval and avoids conflicting culture conditions. 

The invention also provides an expression system which comprises one or more of the expression 

constructs of the invention. The expression system may comprise one or more expression constructs 

35 which encode all the viral segments of a reassortant influenza virus of the invention. 
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the scope of the present invention. Reference 15 describes a linear expression construct which 
describes individual linear expression constructs for each viral segment. It is also possible to include 
more than one, for example two, three four, five or six viral segments on the same linear expression 
construct. Such a system has been described, for example, in reference 16. 

5 Expression constructs can be generated using methods known in the art. Such methods were 
described, for example, in reference 17. Where the expression construct is a linear expression 
construct, it is possible to linearise it before introduction into the host cell utilising a single restriction 
enzyme site. Alternatively, it is possible to excise the expression construct from a vector using at 
least two restriction enzyme sites. Furthermore, it is also possible to obtain a linear expression 

10 construct by amplifying it using a nucleic acid amplification technique (e.g. by PCR). 

The expression constructs may be non-bacterial expression constructs. This means that the construct 
can drive expression in a eukaryotic cell of viral RNA segments encoded therein, but it does not 
include components which would be required for propagation of the construct in bacteria. Thus the 
construct will not include a bacterial origin of replication (ori), and usually will not include a 

15 bacterial selection marker (e.g. an antibiotic resistance marker). Such expression constructs are 
described in reference 18 which is incorporated by reference. 

The expression constructs may be prepared by chemical synthesis. The expression constructs may 
either be prepared entirely by chemical synthesis or in part. Suitable methods for preparing 
expression constructs by chemical synthesis are described, for example, in reference 18. 

20 The expression constructs of the invention can be introduced into host cells using any technique 
known to those of skill in the art. For example, expression constructs of the invention can be 
introduced into host cells by employing electroporation, DEAE-dextran, calcium phosphate 
precipitation, liposomes, microinjection, or microparticle-bombardment. 

The expression construct(s) can be introduced into the same cell type which is subsequently used for 
25 the propagation of the influenza viruses. Alternatively, the cells into which the expression constructs 

are introduced and the cells used for propagation of the influenza viruses may be different. 

In some embodiments, cells may be added following the introduction of the expression construct(s) 
into the cell, as described in reference 19. This is particularly preferred because it increases the 
rescue efficiency of the viruses further and can thus help to reduce the time required for viral rescue. 

30 The cells which are added may be of the same or a different cell type as the cell into which the 
expression construct(a) is/are introduced, but it is preferred to use cells of the same cell type as this 
facilitates regulatory approval and avoids conflicting culture conditions. 

The invention also provides an expression system which comprises one or more of the expression 
constructs of the invention. The expression system may comprise one or more expression constructs 

35 which encode all the viral segments of a reassortant influenza virus of the invention. 
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The expression system may comprise at least two, at least three, at least four, at least five, at least six, 

at least seven, at least eight, at least nine, at least ten, at least eleven or at least twelve expression 

constructs. 

Reverse genetics 

5 The invention is particularly suitable for producing the reassortant influenza viruses of the invention 

through reverse genetics techniques where the viruses are produced in culture hosts using an 

expression system which comprises one or more of the expression constructs of the invention. In 

these techniques, it is understood that the virus is produced from the expression construct(s) in the 

expression system. 

10 Reverse genetics for influenza A and B viruses can be practised with 12 plasmids to express the four 

proteins required to initiate replication and transcription (PB1, PB2, PA and NP) and all eight viral 

genome segments. To reduce the number of constructs, however, a plurality of RNA polymerase I 

transcription cassettes (for viral RNA synthesis) can be included on a single plasmid (e.g. sequences 

encoding 1, 2, 3, 4, 5, 6, 7 or all 8 influenza vRNA segments), and a plurality of protein-coding 

15 regions with RNA polymerase II promoters on another plasmid (e.g. sequences encoding 1, 2, 3, 4, 5, 

6, 7 or 8 influenza mRNA transcripts) [20]. It is also possible to include one or more influenza vRNA 

segments under control of a pol I promoter and one or more influenza protein coding regions under 

control of another promoter, in particular a pol II promoter, on the same plasmid. This is preferably 

done by using bi-directional plasmids. 

20 Preferred aspects of the reference 20 method involve: (a) PB1, PB2 and PA mRNA-encoding regions 

on a single expression construct; and (b) all 8 vRNA encoding segments on a single expression 

construct. Including the neuraminidase (NA) and hemagglutinin (HA) segments on one expression 

construct and the six other viral segments on another expression construct is particularly preferred as 

newly emerging influenza virus strains usually have mutations in the NA and/or HA segments. 

25 Therefore, the advantage of having the HA and/or NA segments on a separate expression construct is 

that only the vector comprising the HA and NA sequence needs to be replaced. Thus, in one aspect of 

the invention the NA and/or HA segments of the vaccine strain may be included on one expression 

construct and the vRNA encoding segments from the donor strain(s) of the invention, excluding the 

HA and/or NA segment(s), are included on a different expression construct. The invention thus 

30 provides an expression construct comprising one, two, three, four, five or six vRNA encoding 

backbone viral segments of a donor strain of the invention. The expression construct may not 

comprise HA and/or NA viral segments that produce a functional HA and/or NA protein. 

Known reverse genetics systems involve expressing DNA molecules which encode desired viral 

RNA (vRNA) molecules from pol I promoters, bacterial RNA polymerase promoters, bacteriophage 

35 polymerase promoters, etc. As influenza viruses require the presence of viral polymerase to initiate 

the life cycle, systems may also provide these proteins e.g. the system further comprises DNA 
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The expression system may comprise at least two, at least three, at least four, at least five, at least six, 
at least seven, at least eight, at least nine, at least ten, at least eleven or at least twelve expression 
constructs. 

Reverse genetics 

5 The invention is particularly suitable for producing the reassortant influenza viruses of the invention 
through reverse genetics techniques where the viruses are produced in culture hosts using an 
expression system which comprises one or more of the expression constructs of the invention. In 
these techniques, it is understood that the virus is produced from the expression construct(s) in the 
expression system. 

10 Reverse genetics for influenza A and B viruses can be practised with 12 plasmids to express the four 
proteins required to initiate replication and transcription (PB1, PB2, PA and NP) and all eight viral 
genome segments. To reduce the number of constructs, however, a plurality of RNA polymerase I 
transcription cassettes (for viral RNA synthesis) can be included on a single plasmid (e.g. sequences 
encoding 1, 2, 3, 4, 5, 6, 7 or all 8 influenza vRNA segments), and a plurality of protein-coding 

15 regions with RNA polymerase II promoters on another plasmid (e.g. sequences encoding 1, 2, 3, 4, 5, 
6, 7 or 8 influenza mRNA transcripts) [20], It is also possible to include one or more influenza vRNA 
segments under control of a pol I promoter and one or more influenza protein coding regions under 
control of another promoter, in particular a pol II promoter, on the same plasmid. This is preferably 
done by using bi-directional plasmids. 

20 Preferred aspects of the reference 20 method involve: (a) PB1, PB2 and PA mRNA-encoding regions 
on a single expression construct; and (b) all 8 vRNA encoding segments on a single expression 
construct. Including the neuraminidase (NA) and hemagglutinin (HA) segments on one expression 
construct and the six other viral segments on another expression construct is particularly preferred as 
newly emerging influenza virus strains usually have mutations in the NA and/or HA segments. 

25 Therefore, the advantage of having the HA and/or NA segments on a separate expression construct is 
that only the vector comprising the HA and NA sequence needs to be replaced. Thus, in one aspect of 
the invention the NA and/or HA segments of the vaccine strain may be included on one expression 
construct and the vRNA encoding segments from the donor strain(s) of the invention, excluding the 
HA and/or NA segment(s), are included on a different expression construct. The invention thus 

30 provides an expression construct comprising one, two, three, four, five or six vRNA encoding 
backbone viral segments of a donor strain of the invention. The expression construct may not 
comprise HA and/or NA viral segments that produce a functional HA and/or NA protein. 

Known reverse genetics systems involve expressing DNA molecules which encode desired viral 
RNA (vRNA) molecules from pol I promoters, bacterial RNA polymerase promoters, bacteriophage 

35 polymerase promoters, etc. As influenza viruses require the presence of viral polymerase to initiate 
the life cycle, systems may also provide these proteins e.g. the system further comprises DNA 

22 



WO 2014/195920 
	

PCT/IB2014/062030 

molecules that encode viral polymerase proteins such that expression of both types of DNA leads to 

assembly of a complete infectious virus. It is also possible to supply the viral polymerase as a 

protein. 

Where reverse genetics is used for the expression of influenza vRNA, it will be evident to the person 

5 skilled in the art that precise spacing of the sequence elements with reference to each other is 

important for the polymerase to initiate replication. It is therefore important that the DNA molecule 

encoding the viral RNA is positioned correctly between the pol I promoter and the termination 

sequence, but this positioning is well within the capabilities of those who work with reverse genetics 

systems. 

10 In order to produce a recombinant virus, a cell must express all segments of the viral genome which 

are necessary to assemble a virion. DNA cloned into the expression constructs of the present 

invention preferably provides all of the viral RNA and proteins, but it is also possible to use a helper 

virus to provide some of the RNA and proteins, although systems which do not use a helper virus are 

preferred. As the influenza virus is a segmented virus, the viral genome will usually be expressed 

15 using more than one expression construct in the methods of the invention. It is also envisioned, 

however, to combine one or more segments or even all segments of the viral genome on a single 

expression construct. 

In some embodiments an expression construct will also be included which leads to expression of an 

accessory protein in the host cell. For instance, it can be advantageous to express a non-viral serine 

20 protease (e.g. trypsin) as part of a reverse genetics system. 

Cells 

25 

The culture host for use in the invention can be any eukaryotic cell that can produce the virus of 

interest. The invention will typically use a cell line although, for example, primary cells may be used 

as an alternative. The cell will typically be mammalian or avian. Suitable mammalian cells include, 

but are not limited to, hamster, cattle, primate (including humans and monkeys) and dog cells. 

Various cell types may be used, such as kidney cells, fibroblasts, retinal cells, lung cells, etc. 

Examples of suitable hamster cells are the cell lines having the names BHK21 or HKCC. Suitable 

monkey cells are e.g. African green monkey cells, such as kidney cells as in the Vero cell line [21- 

23]. Suitable dog cells are e.g. kidney cells, as in the CLDK and MDCK cell lines. 

30 Further suitable cells include, but are not limited to: CHO; 293T; BHK; MRC 5; PER.C6 [24]; 

FRhL2; WI-38; etc. Suitable cells are widely available e.g. from the American Type Cell Culture 

(ATCC) collection [25], from the Coriell Cell Repositories [26], or from the European Collection of 

Cell Cultures (ECACC). For example, the ATCC supplies various different Vero cells under 

catalogue numbers CCL 81, CCL 81.2, CRL 1586 and CRL-1587, and it supplies MDCK cells under 

35 catalogue number CCL 34. PER.C6 is available from the ECACC under deposit number 96022940. 
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molecules that encode viral polymerase proteins such that expression of both types of DNA leads to 
assembly of a complete infectious virus. It is also possible to supply the viral polymerase as a 
protein. 

Where reverse genetics is used for the expression of influenza vRNA, it will be evident to the person 
5 skilled in the art that precise spacing of the sequence elements with reference to each other is 

important for the polymerase to initiate replication. It is therefore important that the DNA molecule 
encoding the viral RNA is positioned correctly between the pol I promoter and the termination 
sequence, but this positioning is well within the capabilities of those who work with reverse genetics 
systems. 

10 In order to produce a recombinant virus, a cell must express all segments of the viral genome which 
are necessary to assemble a virion. DNA cloned into the expression constructs of the present 
invention preferably provides all of the viral RNA and proteins, but it is also possible to use a helper 
virus to provide some of the RNA and proteins, although systems which do not use a helper virus are 
preferred. As the influenza virus is a segmented virus, the viral genome will usually be expressed 

15 using more than one expression construct in the methods of the invention. It is also envisioned, 
however, to combine one or more segments or even all segments of the viral genome on a single 
expression construct. 

In some embodiments an expression construct will also be included which leads to expression of an 
accessory protein in the host cell. For instance, it can be advantageous to express a non-viral serine 

20 protease (e.g. trypsin) as part of a reverse genetics system. 

Cells 

The culture host for use in the invention can be any eukaryotic cell that can produce the virus of 
interest. The invention will typically use a cell line although, for example, primary cells may be used 
as an alternative. The cell will typically be mammalian or avian. Suitable mammalian cells include, 

25 but are not limited to, hamster, cattle, primate (including humans and monkeys) and dog cells. 
Various cell types may be used, such as kidney cells, fibroblasts, retinal cells, lung cells, etc. 
Examples of suitable hamster cells are the cell lines having the names BHK21 or HKCC. Suitable 
monkey cells are e.g. African green monkey cells, such as kidney cells as in the Vero cell line [21-
23], Suitable dog cells are e.g. kidney cells, as in the CLDK and MDCK cell lines. 

30 Further suitable cells include, but are not limited to: CHO; 293T; BHK; MRC 5; PER.C6 [24]; 
FRhL2; WI-38; etc. Suitable cells are widely available e.g. from the American Type Cell Culture 
(ATCC) collection [25], from the Coriell Cell Repositories [26], or from the European Collection of 
Cell Cultures (ECACC). For example, the ATCC supplies various different Vero cells under 
catalogue numbers CCL 81, CCL 81.2, CRL 1586 and CRL-1587, and it supplies MDCK cells under 

35 catalogue number CCL 34. PER.C6 is available from the ECACC under deposit number 96022940. 
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Preferred cells for use in the invention are MDCK cells [27-29], derived from Madin Darby canine 

kidney. The original MDCK cells are available from the ATCC as CCL 34. It is preferred that 

derivatives of MDCK cells are used. Such derivatives were described, for instance, in reference 27 

which discloses MDCK cells that were adapted for growth in suspension culture (`MDCK 33016' or 

5 `33016-PF', deposited as DSM ACC 2219). Furthermore, reference 30 discloses MDCK-derived 

cells that grow in suspension in serum free culture (B-702', deposited as FERM BP-7449). In some 

embodiments, the MDCK cell line used may be tumorigenic. It is also envisioned to use non-

tumorigenic MDCK cells. For example, reference 31 discloses non tumorigenic MDCK cells, 

including `MDCK-S' (ATCC PTA-6500), `MDCK-SF101' (ATCC PTA-6501), `MDCK-SF102' 

10 (ATCC PTA-6502) and `MDCK-SF103' (ATCC PTA-6503). Reference 32 discloses MDCK cells 

with high susceptibility to infection, including `MDCK.5F1' cells (ATCC CRL 12042). 

The cells used in the methods of the invention are preferably cells which are suitable for producing 

an influenza vaccine that can be used for administration to humans. Such cells must be derived from 

a cell bank system which is approved for vaccine manufacture and registered with a national control 

15 authority, and must be within the maximum number of passages permitted for vaccine production 

(see reference 33 for a summary). Examples of suitable cells which have been approved for vaccine 

manufacture include MDCK cells (like MDCK 33016; see reference 27), CHO cells, Vero cells, and 

PER.C6 cells. The methods of the invention may not use 293T cells as these cells are not approved 

for vaccine manufacture. 

20 It is possible to use a mixture of more than one cell type to practise the methods of the present 

invention. However, it is preferred that the methods of the invention are practised with a single cell 

type e.g. with monoclonal cells. Preferably, the cells used in the methods of the present invention are 

from a single cell line. Furthermore, the same cell line may be used for reassorting the virus and for 

any subsequent propagation of the virus. 

25 Preferably, the cells are cultured in the absence of serum, to avoid a common source of contaminants. 

Various serum-free media for eukaryotic cell culture are known to the person skilled in the art (e.g. 

Iscove's medium, ultra CHO medium (BioWhittaker), EX-CELL (JRH Biosciences)). Furthermore, 

protein-free media may be used (e.g. PF-CHO (JRH Biosciences)). Otherwise, the cells for 

replication can also be cultured in the customary serum-containing media (e.g. MEM or DMEM 

30 medium with 0.5% to 10% of fetal calf serum). 

The cells may be in adherent culture or in suspension. 

Virus preparation 

In one embodiment, the invention provides a method for producing influenza viruses comprising 

steps of (a) infecting a culture host with a reassortant virus of the invention; (b) culturing the host 

35 from step (a) to produce the virus; and optionally (c) purifying the virus obtained in step (b). 
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Preferred cells for use in the invention are MDCK cells [27-29], derived from Madin Darby canine 

kidney. The original MDCK cells are available from the ATCC as CCL 34. It is preferred that 

derivatives of MDCK cells are used. Such derivatives were described, for instance, in reference 27 

which discloses MDCK cells that were adapted for growth in suspension culture ('MDCK 33016' or 

5 '33016-PF', deposited as DSM ACC 2219). Furthermore, reference 30 discloses MDCK-derived 

cells that grow in suspension in serum free culture ('B-702', deposited as FERM BP-7449). In some 

embodiments, the MDCK cell line used may be tumorigenic. It is also envisioned to use non-

tumorigenic MDCK cells. For example, reference 31 discloses non tumorigenic MDCK cells, 

including 'MDCK-S' (ATCC PTA-6500), 'MDCK-SF101' (ATCC PTA-6501), 'MDCK-SF102' 

10 (ATCC PTA-6502) and 'MDCK-SF103' (ATCC PTA-6503). Reference 32 discloses MDCK cells 

with high susceptibility to infection, including 'MDCK.5F1' cells (ATCC CRL 12042). 

The cells used in the methods of the invention are preferably cells which are suitable for producing 

an influenza vaccine that can be used for administration to humans. Such cells must be derived from 

a cell bank system which is approved for vaccine manufacture and registered with a national control 

15 authority, and must be within the maximum number of passages permitted for vaccine production 

(see reference 33 for a summary). Examples of suitable cells which have been approved for vaccine 

manufacture include MDCK cells (like MDCK 33016; see reference 27), CHO cells, Vero cells, and 

PER.C6 cells. The methods of the invention may not use 293T cells as these cells are not approved 

for vaccine manufacture. 

20 It is possible to use a mixture of more than one cell type to practise the methods of the present 

invention. However, it is preferred that the methods of the invention are practised with a single cell 

type e.g. with monoclonal cells. Preferably, the cells used in the methods of the present invention are 

from a single cell line. Furthermore, the same cell line may be used for reassorting the virus and for 

any subsequent propagation of the virus. 

25 Preferably, the cells are cultured in the absence of serum, to avoid a common source of contaminants. 

Various serum-free media for eukaryotic cell culture are known to the person skilled in the art (e.g. 

Iscove's medium, ultra CHO medium (BioWhittaker), EX-CELL (JRH Biosciences)). Furthermore, 

protein-free media may be used (e.g. PF-CHO (JRH Biosciences)). Otherwise, the cells for 

replication can also be cultured in the customary serum-containing media (e.g. MEM or DMEM 

30 medium with 0.5% to 10% of fetal calf serum). 

The cells may be in adherent culture or in suspension. 

Virus preparation 

In one embodiment, the invention provides a method for producing influenza viruses comprising 

steps of (a) infecting a culture host with a reassortant virus of the invention; (b) culturing the host 

35 from step (a) to produce the virus; and optionally (c) purifying the virus obtained in step (b). 
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The culture host may be cells or embryonated hen eggs. Where cells are used as a culture host in this 

aspect of the invention, it is known that cell culture conditions (e.g. temperature, cell density, pH 

value, etc.) are variable over a wide range subject to the cell line and the virus employed and can be 

adapted to the requirements of the application. The following information therefore merely 

5 represents guidelines. 

As mentioned above, cells are preferably cultured in serum-free or protein-free media. 

Multiplication of the cells can be conducted in accordance with methods known to those of skill in 

the art. For example, the cells can be cultivated in a perfusion system using ordinary support methods 

like centrifugation or filtration. Moreover, the cells can be multiplied according to the invention in a 

10 fed-batch system before infection. In the context of the present invention, a culture system is referred 

to as a fed-batch system in which the cells are initially cultured in a batch system and depletion of 

nutrients (or part of the nutrients) in the medium is compensated by controlled feeding of 

concentrated nutrients. It can be advantageous to adjust the pH value of the medium during 

multiplication of cells before infection to a value between pH 6.6 and pH 7.8 and especially between 

15 a value between pH 7.2 and pH 7.3. Culturing of cells preferably occurs at a temperature between 30 

and 40°C. When culturing the infected cells (step ii), the cells are preferably cultured at a temperature 

of between 30 °C and 36°C or between 32 °C and 34 °C or at 33°C. This is particularly preferred, as it 

has been shown that incubation of infected cells in this temperature range results in production of a 

virus that results in improved efficacy when formulated into a vaccine [34]. 

20 Oxygen partial pressure can be adjusted during culturing before infection preferably at a value 

between 25% and 95% and especially at a value between 35% and 60%. The values for the oxygen 

partial pressure stated in the context of the invention are based on saturation of air. Infection of cells 

occurs at a cell density of preferably about 8-25x105  cells/mL in the batch system or preferably about 

25 

5-20x106  cells/mL in the perfusion system. The cells can be infected with a viral dose (MOI value, 

"multiplicity of infection"; corresponds to the number of virus units per cell at the time of infection) 

between 10-8  and 10, preferably between 0.0001 and 0.5. 

Virus may be grown on cells in adherent culture or in suspension. Microcarrier cultures can be used. 

In some embodiments, the cells may thus be adapted for growth in suspension. 

The methods according to the invention also include harvesting and isolation of viruses or the 

30 proteins generated by them. During isolation of viruses or proteins, the cells are separated from the 

culture medium by standard methods like separation, filtration or ultrafiltration. The viruses or the 

proteins are then concentrated according to methods sufficiently known to those skilled in the art, 

like gradient centrifugation, filtration, precipitation, chromatography, etc., and then purified. It is also 

preferred according to the invention that the viruses are inactivated during or after purification. Virus 

35 inactivation can occur, for example, by 0-propiolactone or formaldehyde at any point within the 

purification process. 
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25 "multiplicity of infection"; corresponds to the number of virus units per cell at the time of infection) 
between 10"8 and 10, preferably between 0.0001 and 0.5. 

Virus may be grown on cells in adherent culture or in suspension. Microcarrier cultures can be used. 
In some embodiments, the cells may thus be adapted for growth in suspension. 

The methods according to the invention also include harvesting and isolation of viruses or the 
30 proteins generated by them. During isolation of viruses or proteins, the cells are separated from the 

culture medium by standard methods like separation, filtration or ultrafiltration. The viruses or the 
proteins are then concentrated according to methods sufficiently known to those skilled in the art, 
like gradient centrifugation, filtration, precipitation, chromatography, etc., and then purified. It is also 
preferred according to the invention that the viruses are inactivated during or after purification. Virus 

35 inactivation can occur, for example, by [3-propiolactone or formaldehyde at any point within the 
purification process. 
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The culture host may be eggs. The current standard method for influenza virus growth for vaccines 

uses embryonated SPF hen eggs, with virus being purified from the egg contents (allantoic fluid). It 

is also possible to passage a virus through eggs and subsequently propagate it in cell culture and vice 

versa. 

5 Vaccine 

The invention utilises virus produced according to the method to produce vaccines. 

Vaccines (particularly for influenza virus) are generally based either on live virus or on inactivated 

virus. Inactivated vaccines may be based on whole virions, 'split' virions, or on purified surface 

antigens. Antigens can also be presented in the form of virosomes. The invention can be used for 

10 manufacturing any of these types of vaccine. 

Where an inactivated virus is used, the vaccine may comprise whole virion, split virion, or purified 

surface antigens (for influenza, including hemagglutinin and, usually, also including neuraminidase). 

15 

Chemical means for inactivating a virus include treatment with an effective amount of one or more of 

the 	following 	agents: 	detergents, 	formaldehyde, 	0-propiolactone, 	methylene 	blue, 	psoralen, 

carboxyfullerene 	(C60), 	binary 	ethylamine, 	acetyl 	ethyleneimine, 	or 	combinations 	thereof. 

Non-chemical methods of viral inactivation are known in the art, such as for example UV light or 

gamma irradiation. 

Virions can be harvested from virus-containing fluids, e.g. allantoic fluid or cell culture supernatant, 

by various methods. For example, a purification process may involve zonal centrifugation using a 

20 linear sucrose gradient solution that includes detergent to disrupt the virions. Antigens may then be 

purified, after optional dilution, by diafiltration. 

Split virions are obtained by treating purified virions with detergents (e.g. ethyl ether, polysorbate 80, 

deoxycholate, tri-N-butyl phosphate, Triton X-100, Triton N101, cetyltrimethylammonium bromide, 

Tergitol NP9, etc.) to produce subvirion preparations, including the `Tween-ether' splitting process. 

25 Methods of splitting influenza viruses, for example are well known in the art e.g. see refs. 35-40, etc. 

Splitting of the virus is typically carried out by disrupting or fragmenting whole virus, whether 

infectious or non-infectious with a disrupting concentration of a splitting agent. The disruption 

results in a full or partial solubilisation of the virus proteins, altering the integrity of the virus. 

30 

Preferred splitting agents are non-ionic and ionic (e.g. cationic) surfactants e.g. alkylglycosides, 

alkylthioglycosides, acyl sugars, sulphobetaines, betains, polyoxyethylenealkylethers, N,N-dialkyl- 

35 

Glucamides, Hecameg, alkylphenoxy-polyethoxyethanols, NP9, quaternary ammonium compounds, 

sarcosyl, 	CTABs 	(cetyl 	trimethyl 	ammonium 	bromides), 	tri-N-butyl 	phosphate, 	Cetavlon, 

myristyltrimethylammonium 	salts, 	lipofectin, 	lipofectamine, 	and 	DOT-MA, 	the 	octyl- 	or 

nonylphenoxy polyoxyethanols (e.g. the Triton surfactants, such as Triton X-100 or Triton N101), 

polyoxyethylene sorbitan esters (the Tween surfactants), polyoxyethylene ethers, polyoxyethlene 

esters, etc. One useful splitting procedure uses the consecutive effects of sodium deoxycholate and 
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formaldehyde, and splitting can take place during initial virion purification (e.g. in a sucrose density 

gradient solution). Thus a splitting process can involve clarification of the virion-containing material 

(to remove non-virion material), concentration of the harvested virions (e.g. using an adsorption 

method, such as CaHPO4  adsorption), separation of whole virions from non-virion material, splitting 

5 of virions using a splitting agent in a density gradient centrifugation step (e.g. using a sucrose 

gradient that contains a splitting agent such as sodium deoxycholate), and then filtration (e.g. 

ultrafiltration) to remove undesired materials. Split virions can usefully be resuspended in sodium 

phosphate-buffered isotonic sodium chloride solution. Examples of split influenza vaccines are the 

BEGRIVACTM, FLUARIXTM, FLUZONETM and FLUSHIELDTM products. 

10 Purified influenza virus surface antigen vaccines comprise the surface antigens hemagglutinin and, 

typically, also neuraminidase. Processes for preparing these proteins in purified form are well known 

in the art. The FLUVIRINTM, AGRIPPALTM and INFLUVACTM products are influenza subunit 

vaccines. 

Another form of inactivated antigen is the virosome [41] (nucleic acid free viral-like liposomal 

15 particles). Virosomes can be prepared by solubilization of virus with a detergent followed by 

removal of the nucleocapsid and reconstitution of the membrane containing the viral glycoproteins. 

An alternative method for preparing virosomes involves adding viral membrane glycoproteins to 

excess amounts of phospholipids, to give liposomes with viral proteins in their membrane. 

The methods of the invention may also be used to produce live vaccines. Such vaccines are usually 

20 prepared by purifying virions from virion-containing fluids. For example, the fluids may be clarified 

by centrifugation, and stabilized with buffer (e.g. containing sucrose, potassium phosphate, and 

monosodium glutamate). Various forms of influenza virus vaccine are currently available (e.g. see 

chapters 17 & 18 of reference 42). Live virus vaccines include MedImmune's FLUMISTTm product. 

The virus may be attenuated. The virus may be temperature-sensitive. 	The virus may be 

25 cold-adapted. These three features are particularly useful when using live virus as an antigen. 

HA is the main immunogen in current inactivated influenza vaccines, and vaccine doses are 

standardised by reference to HA levels, typically measured by SRID. Existing vaccines typically 

contain about 15µg of HA per strain, although lower doses can be used e.g. for children, or in 

pandemic situations, or when using an adjuvant. Fractional doses such as 1/2  (i.e. 7.5mg HA per 

30 strain), 1/4  and 1/8  have been used, as have higher doses (e.g. 3x or 9x doses [43,44]). Thus vaccines 

may include between 0.1 and 150µg of HA per influenza strain, preferably between 0.1 and 50µg e.g. 

0.1 -20 mg, 0.1 -15 mg, 0.1 -10 mg, 0.1 -7.5 mg, 0.5-5µg, etc. Particular doses include e.g. about 45, about 

30, about 15, about 10, about 7.5, about 5, about 3.8, about 3.75, about 1.9, about 1.5, etc. per strain. 

For live vaccines, dosing is measured by median tissue culture infectious dose (TCID50) rather than 

35 HA content, and a TCID50  of between 106  and 108  (preferably between 1065-1075) per strain is 

typical. 
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Influenza strains used with the invention may have a natural HA as found in a wild-type virus, or a 

modified HA. For instance, it is known to modify HA to remove determinants (e.g. hyper-basic 

regions around the HA1/HA2 cleavage site) that cause a virus to be highly pathogenic in avian 

species. The use of reverse genetics facilitates such modifications. 

5 As well as being suitable for immunizing against inter-pandemic strains, the compositions of the 

invention are particularly useful for immunizing against pandemic or potentially-pandemic strains. 

The invention is suitable for vaccinating humans as well as non-human animals. 

Other strains whose antigens can usefully be included in the compositions are strains which are 

resistant to antiviral therapy (e.g. resistant to oseltamivir [45] and/or zanamivir), including resistant 

10 pandemic strains [46]. 

Compositions of the invention may include antigen(s) from one or more (e.g. 1, 2, 3, 4 or more) 

influenza virus strains, including influenza A virus and/or influenza B virus provided that at least one 

influenza strain is a reassortant influenza strain of the invention. Compositions wherein at least two, 

at least three or all of the antigens are from reassortant influenza strains of the invention are also 

15 envisioned. Where a vaccine includes more than one strain of influenza, the different strains are 

typically grown separately and are mixed after the viruses have been harvested and antigens have 

been prepared. Thus a process of the invention may include the step of mixing antigens from more 

than one influenza strain. A trivalent vaccine is typical, including antigens from two influenza A 

virus strains and one influenza B virus strain. A tetravalent vaccine is also useful [47], including 

20 antigens from two influenza A virus strains and two influenza B virus strains, or three influenza A 

virus strains and one influenza B virus strain. 

Pharmaceutical compositions 

Vaccine compositions manufactured according to the invention are pharmaceutically acceptable. 

They usually include components in addition to the antigens e.g. they typically include one or more 

25 pharmaceutical carrier(s) and/or excipient(s). As described below, adjuvants may also be included. A 

thorough discussion of such components is available in reference 48. 

Vaccine compositions will generally be in aqueous form. However, some vaccines may be in dry 

form, e.g. in the form of injectable solids or dried or polymerized preparations on a patch. 

Vaccine compositions may include preservatives such as thiomersal or 2-phenoxyethanol. It is 

30 preferred, however, that the vaccine should be substantially free from (i.e. less than 5µg/ml) 

mercurial material e.g. thiomersal-free [39,49]. Vaccines containing no mercury are more preferred. 

An a-tocopherol succinate can be included as an alternative to mercurial compounds 	[39]. 

Preservative-free vaccines are particularly preferred. 

To control tonicity, it is preferred to include a physiological salt, such as a sodium salt. Sodium 

35 chloride (NaC1) is preferred, which may be present at between 1 and 20 mg/ml. Other salts that may 
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be present include potassium chloride, potassium dihydrogen phosphate, disodium phosphate 

dehydrate, magnesium chloride, calcium chloride, etc. 

Vaccine compositions will generally have an osmolality of between 200 mOsm/kg and 400 

mOsm/kg, preferably between 240-360 mOsm/kg, and will more preferably fall within the range of 

5 290-310 mOsm/kg. Osmolality has previously been reported not to have an impact on pain caused by 

vaccination [50], but keeping osmolality in this range is nevertheless preferred. 

Vaccine compositions may include one or more buffers. Typical buffers include: a phosphate buffer; 

a Tris buffer; a borate buffer; a succinate buffer; a histidine buffer (particularly with an aluminum 

hydroxide adjuvant); or a citrate buffer. Buffers will typically be included in the 5-20m1V1 range. 

10 The pH of a vaccine composition will generally be between 5.0 and 8.1, and more typically between 

6.0 and 8.0 e.g. 6.5 and 7.5, or between 7.0 and 7.8. A process of the invention may therefore include 

a step of adjusting the pH of the bulk vaccine prior to packaging. 

The vaccine composition is preferably sterile. The vaccine composition is preferably non-pyrogenic 

e.g. containing <1 EU (endotoxin unit, a standard measure) per dose, and preferably <0.1 EU per 

15 dose. The vaccine composition is preferably gluten-free. 

Vaccine compositions of the invention may include detergent e.g. a polyoxyethylene sorbitan ester 

surfactant 	(known 	as 	̀Tweens'), 	an 	octoxynol 	(such 	as 	octoxynol-9 	(Triton 	X-100) 	or 

t-octylphenoxypolyethoxyethanol), a cetyl trimethyl ammonium bromide (CTAB'), or sodium 

deoxycholate, particularly for a split or surface antigen vaccine. The detergent may be present only at 

20 trace amounts. Thus the vaccine may include less than lmg/ml of each of octoxynol-10 and 

polysorbate 80. Other residual components in trace amounts could be antibiotics (e.g. neomycin, 

kanamycin, polymyxin B). 

A vaccine composition may include material for a single immunisation, or may include material for 

multiple immunisations (i.e. a `multidose' kit). The inclusion of a preservative is preferred in 

25 multidose arrangements. As an alternative (or in addition) to including a preservative in multidose 

compositions, the compositions may be contained in a container having an aseptic adaptor for 

removal of material. 

Influenza vaccines are typically administered in a dosage volume of about 0.5m1, although a half 

dose (i.e. about 0.25m1) may be administered to children. 

30 Compositions and kits are preferably stored at between 2°C and 8°C. They should not be frozen. 

They should ideally be kept out of direct light. 

Host cell DNA 

Where virus has been isolated and/or grown on a cell line, it is standard practice to minimize the 

amount of residual cell line DNA in the final vaccine, in order to minimize any potential oncogenic 

35 activity of the DNA. 
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The vaccine composition is preferably sterile. The vaccine composition is preferably non-pyrogenic 

e.g. containing <1 EU (endotoxin unit, a standard measure) per dose, and preferably <0.1 EU per 

15 dose. The vaccine composition is preferably gluten-free. 

Vaccine compositions of the invention may include detergent e.g. a polyoxyethylene sorbitan ester 

surfactant (known as 'Tweens'), an octoxynol (such as octoxynol-9 (Triton X-100) or 

t-octylphenoxypolyethoxyethanol), a cetyl trimethyl ammonium bromide ('CTAB'), or sodium 

deoxycholate, particularly for a split or surface antigen vaccine. The detergent may be present only at 

20 trace amounts. Thus the vaccine may include less than lmg/ml of each of octoxynol-10 and 

polysorbate 80. Other residual components in trace amounts could be antibiotics (e.g. neomycin, 

kanamycin, polymyxin B). 

A vaccine composition may include material for a single immunisation, or may include material for 

multiple immunisations (i.e. a 'multidose' kit). The inclusion of a preservative is preferred in 

25 multidose arrangements. As an alternative (or in addition) to including a preservative in multidose 

compositions, the compositions may be contained in a container having an aseptic adaptor for 

removal of material. 

Influenza vaccines are typically administered in a dosage volume of about 0.5ml, although a half 

dose (i.e. about 0.25ml) may be administered to children. 

30 Compositions and kits are preferably stored at between 2°C and 8°C. They should not be frozen. 

They should ideally be kept out of direct light. 

Host cell DNA 

Where virus has been isolated and/or grown on a cell line, it is standard practice to minimize the 

amount of residual cell line DNA in the final vaccine, in order to minimize any potential oncogenic 

3 5 activity of the DNA. 
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Thus a vaccine composition prepared according to the invention preferably contains less than 1Ong 

(preferably less than ing, and more preferably less than 100pg) of residual host cell DNA per dose, 

although trace amounts of host cell DNA may be present. 

It is preferred that the average length of any residual host cell DNA is less than 500bp e.g. less than 

5 400bp, less than 300bp, less than 200bp, less than 100bp, etc. 

Contaminating DNA can be removed during vaccine preparation using standard purification 

procedures e.g. chromatography, etc. Removal of residual host cell DNA can be enhanced by 

nuclease treatment e.g. by using a DNase. A convenient method for reducing host cell DNA 

contamination is disclosed in references 51 & 52, involving a two-step treatment, first using a DNase 

10 (e.g. Benzonase), which may be used during viral growth, and then a cationic detergent (e.g. CTAB), 

which may be used during virion disruption. 	Treatment with an alkylating agent, such as 

f3-propiolactone, can also be used to remove host cell DNA, and advantageously may also be used to 

inactivate virions [53]. 

Adjuvants 

15 Compositions of the invention may advantageously include an adjuvant, which can function to 

enhance the immune responses (humoral and/or cellular) elicited in a subject who receives the 

composition. Preferred adjuvants comprise oil-in-water emulsions. Various such adjuvants are 

known, and they typically include at least one oil and at least one surfactant, with the oil(s) and 

surfactant(s) being biodegradable (metabolisable) and biocompatible. 	The oil droplets in the 

20 emulsion are generally less than 5[im in diameter, and ideally have a sub-micron diameter, with these 

small sizes being achieved with a microfluidiser to provide stable emulsions. Droplets with a size 

less than 220nm are preferred as they can be subjected to filter sterilization. 

The emulsion can comprise oils such as those from an animal (such as fish) or vegetable source. 

Sources for vegetable oils include nuts, seeds and grains. Peanut oil, soybean oil, coconut oil, and 

25 olive oil, the most commonly available, exemplify the nut oils. Jojoba oil can be used e.g. obtained 

from the jojoba bean. Seed oils include safflower oil, cottonseed oil, sunflower seed oil, sesame seed 

oil and the like. In the grain group, corn oil is the most readily available, but the oil of other cereal 

grains such as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-10 carbon fatty 

acid esters of glycerol and 1,2-propanediol, while not occurring naturally in seed oils, may be 

30 prepared by hydrolysis, separation and esterification of the appropriate materials starting from the nut 

and seed oils. Fats and oils from mammalian milk are metabolizable and may therefore be used in the 

practice of this invention. The procedures for separation, purification, saponification and other means 

necessary for obtaining pure oils from animal sources are well known in the art. Most fish contain 

metabolizable oils which may be readily recovered. For example, cod liver oil, shark liver oils, and 

35 whale oil such as spermaceti exemplify several of the fish oils which may be used herein. A number 

of branched chain oils are synthesized biochemically in 5-carbon isoprene units and are generally 
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Thus a vaccine composition prepared according to the invention preferably contains less than 1 Ong 
(preferably less than lng, and more preferably less than lOOpg) of residual host cell DNA per dose, 
although trace amounts of host cell DNA may be present. 

It is preferred that the average length of any residual host cell DNA is less than 500bp e.g. less than 
5 400bp, less than 300bp, less than 200bp, less than lOObp, etc. 

Contaminating DNA can be removed during vaccine preparation using standard purification 
procedures e.g. chromatography, etc. Removal of residual host cell DNA can be enhanced by 
nuclease treatment e.g. by using a DNase. A convenient method for reducing host cell DNA 
contamination is disclosed in references 51 & 52, involving a two-step treatment, first using a DNase 

10 (e.g. Benzonase), which may be used during viral growth, and then a cationic detergent (e.g. CTAB), 
which may be used during virion disruption. Treatment with an alkylating agent, such as 
P-propiolactone, can also be used to remove host cell DNA, and advantageously may also be used to 
inactivate virions [53], 

Adjuvants 

15 Compositions of the invention may advantageously include an adjuvant, which can function to 
enhance the immune responses (humoral and/or cellular) elicited in a subject who receives the 
composition. Preferred adjuvants comprise oil-in-water emulsions. Various such adjuvants are 
known, and they typically include at least one oil and at least one surfactant, with the oil(s) and 
surfactant(s) being biodegradable (metabolisable) and biocompatible. The oil droplets in the 

20 emulsion are generally less than 5|jm in diameter, and ideally have a sub-micron diameter, with these 
small sizes being achieved with a microfluidiser to provide stable emulsions. Droplets with a size 
less than 220nm are preferred as they can be subjected to filter sterilization. 

The emulsion can comprise oils such as those from an animal (such as fish) or vegetable source. 
Sources for vegetable oils include nuts, seeds and grains. Peanut oil, soybean oil, coconut oil, and 

25 olive oil, the most commonly available, exemplify the nut oils. Jojoba oil can be used e.g. obtained 
from the jojoba bean. Seed oils include safflower oil, cottonseed oil, sunflower seed oil, sesame seed 
oil and the like. In the grain group, corn oil is the most readily available, but the oil of other cereal 
grains such as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-10 carbon fatty 
acid esters of glycerol and 1,2-propanediol, while not occurring naturally in seed oils, may be 

30 prepared by hydrolysis, separation and esterification of the appropriate materials starting from the nut 
and seed oils. Fats and oils from mammalian milk are metabolizable and may therefore be used in the 
practice of this invention. The procedures for separation, purification, saponification and other means 
necessary for obtaining pure oils from animal sources are well known in the art. Most fish contain 
metabolizable oils which may be readily recovered. For example, cod liver oil, shark liver oils, and 

35 whale oil such as spermaceti exemplify several of the fish oils which may be used herein. A number 
of branched chain oils are synthesized biochemically in 5-carbon isoprene units and are generally 
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referred to as terpenoids. Shark liver oil contains a branched, unsaturated terpenoids known as 

squalene, 	2,6,10,15,19,23-hexamethy1-2,6,10,14,18,22-tetracosahexaene, 	which 	is 	particularly 

preferred herein. Squalane, the saturated analog to squalene, is also a preferred oil. Fish oils, 

including squalene and squalane, are readily available from commercial sources or may be obtained 

5 by methods known in the art. Another preferred oil is a-tocopherol (see below). 

Mixtures of oils can be used. 

Surfactants can be classified by their `EILB' (hydrophile/lipophile balance). Preferred surfactants of 

the invention have a HLB of at least 10, preferably at least 15, and more preferably at least 16. The 

invention can be used with surfactants including, but not limited to: the polyoxyethylene sorbitan 

10 esters surfactants (commonly referred to as the Tweens), especially polysorbate 20 and polysorbate 

80; copolymers of ethylene oxide (EO), propylene oxide (PO), and/or butylene oxide (BO), sold 

under the DOWFAXTM tradename, such as linear EO/PO block copolymers; octoxynols, which can 

vary in the number of repeating ethoxy (oxy-1,2-ethanediyl) groups, with octoxynol-9 (Triton X-100, 

or t-octylphenoxypolyethoxyethanol) being of particular interest; (octylphenoxy)polyethoxyethanol 

15 (IGEPAL CA-630/NP-40); phospholipids such as phosphatidylcholine (lecithin); nonylphenol 

ethoxylates, such as the TergitolTM NP series; polyoxyethylene fatty ethers derived from lauryl, cetyl, 

stearyl and oleyl alcohols (known as Brij surfactants), such as triethyleneglycol monolauryl ether 

(Brij 30); and sorbitan esters (commonly known as the SPANs), such as sorbitan trioleate (Span 85) 

and sorbitan monolaurate. Non-ionic surfactants are preferred. Preferred surfactants for including in 

20 the emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 85 (sorbitan trioleate), 

lecithin and Triton X-100. 

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a 

polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleate (Tween 80) and an 

octoxynol such as t-octylphenoxypolyethoxyethanol (Triton X-100) is also suitable. Another useful 

25 combination comprises laureth 9 plus a polyoxyethylene sorbitan ester and/or an octoxynol. 

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters (such as Tween 

80) 0.01 to 1%, in particular about 0.1 %; octyl- or nonylphenoxy polyoxyethanols (such as Triton 

X-100, or other detergents in the Triton series) 0.001 to 0.1 %, in particular 0.005 to 0.02%; 

polyoxyethylene ethers (such as laureth 9) 0.1 to 20 %, preferably 0.1 to 10 % and in particular 0.1 to 

30 1% or about 0.5%. 

Where the vaccine contains a split virus, it is preferred that it contains free surfactant in the aqueous 

phase. This is advantageous as the free surfactant can exert a 'splitting effect' on the antigen, thereby 

disrupting any unsplit virions and/or virion aggregates that might otherwise be present. This can 

improve the safety of split virus vaccines [54]. 
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referred to as terpenoids. Shark liver oil contains a branched, unsaturated terpenoids known as 
squalene, 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexaene, which is particularly 
preferred herein. Squalane, the saturated analog to squalene, is also a preferred oil. Fish oils, 
including squalene and squalane, are readily available from commercial sources or may be obtained 

5 by methods known in the art. Another preferred oil is a-tocopherol (see below). 

Mixtures of oils can be used. 

Surfactants can be classified by their 'HLB' (hydrophile/lipophile balance). Preferred surfactants of 
the invention have a HLB of at least 10, preferably at least 15, and more preferably at least 16. The 
invention can be used with surfactants including, but not limited to: the polyoxyethylene sorbitan 

10 esters surfactants (commonly referred to as the Tweens), especially polysorbate 20 and polysorbate 
80; copolymers of ethylene oxide (EO), propylene oxide (PO), and/or butylene oxide (BO), sold 
under the DOWFAX™ tradename, such as linear EO/PO block copolymers; octoxynols, which can 
vary in the number of repeating ethoxy (oxy-l,2-ethanediyl) groups, with octoxynol-9 (Triton X-100, 
or t-octylphenoxypolyethoxyethanol) being of particular interest; (octylphenoxy)polyethoxyethanol 

15 (IGEPAL CA-630/NP-40); phospholipids such as phosphatidylcholine (lecithin); nonylphenol 
ethoxylates, such as the Tergitol™ NP series; polyoxyethylene fatty ethers derived from lauryl, cetyl, 
stearyl and oleyl alcohols (known as Brij surfactants), such as triethyleneglycol monolauryl ether 
(Brij 30); and sorbitan esters (commonly known as the SPANs), such as sorbitan trioleate (Span 85) 
and sorbitan monolaurate. Non-ionic surfactants are preferred. Preferred surfactants for including in 

20 the emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 85 (sorbitan trioleate), 
lecithin and Triton X-100. 

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a 
polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleate (Tween 80) and an 
octoxynol such as t-octylphenoxypolyethoxyethanol (Triton X-100) is also suitable. Another useful 

25 combination comprises laureth 9 plus a polyoxyethylene sorbitan ester and/or an octoxynol. 

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters (such as Tween 
80) 0.01 to 1%, in particular about 0.1 %; octyl- or nonylphenoxy polyoxyethanols (such as Triton 
X-100, or other detergents in the Triton series) 0.001 to 0.1 %, in particular 0.005 to 0.02%; 
polyoxyethylene ethers (such as laureth 9) 0.1 to 20 %, preferably 0.1 to 10 % and in particular 0.1 to 

30 1% or about 0.5%. 

Where the vaccine contains a split virus, it is preferred that it contains free surfactant in the aqueous 
phase. This is advantageous as the free surfactant can exert a 'splitting effect' on the antigen, thereby 
disrupting any unsplit virions and/or virion aggregates that might otherwise be present. This can 
improve the safety of split virus vaccines [54], 
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Preferred emulsions have an average droplets size of <1mm e.g. <750nm, <500nm, <400nm, 

<300nm, <250nm, <220nm, <200nm, or smaller. These droplet sizes can conveniently be achieved 

by techniques such as microfluidisation. 

Specific oil-in-water emulsion adjuvants useful with the invention include, but are not limited to: 

5 • A submicron emulsion of squalene, Tween 80, and Span 85. The composition of the emulsion 

by volume can be about 5% squalene, about 0.5% polysorbate 80 and about 0.5% Span 85. In 

weight terms, these ratios become 4.3% squalene, 0.5% polysorbate 80 and 0.48% Span 85. 

This adjuvant is known as `MF59' [55-57], as described in more detail in Chapter 10 of ref. 58 

and chapter 12 of ref. 59. The MF59 emulsion advantageously includes citrate ions e.g. 10mM 

10 sodium citrate buffer. 

• An emulsion comprising squalene, a tocopherol, and polysorbate 80. The emulsion may 

include phosphate buffered saline. These emulsions may have by volume from 2 to 10% 

squalene, from 2 to 10% tocopherol and from 0.3 to 3% polysorbate 80, and the weight ratio of 

squalene:tocopherol is preferably <1 (e.g. 0.90) as this can provide a more stable emulsion. 

15 Squalene and polysorbate 80 may be present volume ratio of about 5:2 or at a weight ratio of 

about 11:5. Thus the three components (squalene, tocopherol, polysorbate 80) may be present 

at a weight ratio of 1068:1186:485 or around 55:61:25. One such emulsion (`AS03') can be 

made by dissolving Tween 80 in PBS to give a 2% solution, then mixing 90m1 of this solution 

with a mixture of (5g of DL a tocopherol and 5m1 squalene), then microfluidising the mixture. 

20 The resulting emulsion may have submicron oil droplets e.g. with an average diameter of 

between 100 and 250nm, preferably about 180nm. The emulsion may also include a 3-de-O-

acylated monophosphoryl lipid A (3d MPL). Another useful emulsion of this type may 

comprise, per human dose, 0.5-10 mg squalene, 0.5-11 	mg tocopherol, and 0.1-4 mg 

polysorbate 80 [60] e.g. in the ratios discussed above. 

25 • An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-100). The 

emulsion may also include a 3d-MPL (see below). The emulsion may contain a phosphate 

buffer. 

• An emulsion comprising a polysorbate (e.g. polysorbate 80), a Triton detergent (e.g. Triton 

X-100) and a tocopherol (e.g. an a-tocopherol succinate). The emulsion may include these 

30 three components at a mass ratio of about 75:11:10 (e.g. 750µg/ml polysorbate 80, 110µg/ml 

Triton X-100 and 100µg/ml a-tocopherol succinate), and these concentrations should include 

any contribution of these components from antigens. The emulsion may also include squalene. 

The emulsion may also include a 3d-MPL (see below). The aqueous phase may contain a 

phosphate buffer. 

35 • An emulsion of squalane, polysorbate 80 and poloxamer 401 ("PluronicTM L121"). The 

emulsion can be formulated in phosphate buffered saline, pH 7.4. This emulsion is a useful 
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Preferred emulsions have an average droplets size of < 1 |_im e.g. <750nm, <500nm, <400nm, 
<300nm, <250nm, <220nm, <200nm, or smaller. These droplet sizes can conveniently be achieved 
by techniques such as microfluidisation. 

Specific oil-in-water emulsion adjuvants useful with the invention include, but are not limited to: 

5 • A submicron emulsion of squalene, Tween 80, and Span 85. The composition of the emulsion 
by volume can be about 5% squalene, about 0.5% polysorbate 80 and about 0.5% Span 85. In 
weight terms, these ratios become 4.3% squalene, 0.5% polysorbate 80 and 0.48% Span 85. 
This adjuvant is known as 'MF59' [55-57], as described in more detail in Chapter 10 of ref. 58 
and chapter 12 of ref. 59. The MF59 emulsion advantageously includes citrate ions e.g. lOmM 

10 sodium citrate buffer. 

• An emulsion comprising squalene, a tocopherol, and polysorbate 80. The emulsion may 
include phosphate buffered saline. These emulsions may have by volume from 2 to 10% 
squalene, from 2 to 10% tocopherol and from 0.3 to 3% polysorbate 80, and the weight ratio of 
squalene tocopherol is preferably <1 (e.g. 0.90) as this can provide a more stable emulsion. 

15 Squalene and polysorbate 80 may be present volume ratio of about 5:2 or at a weight ratio of 
about 11:5. Thus the three components (squalene, tocopherol, polysorbate 80) may be present 
at a weight ratio of 1068:1186:485 or around 55:61:25. One such emulsion ('AS03') can be 
made by dissolving Tween 80 in PBS to give a 2% solution, then mixing 90ml of this solution 
with a mixture of (5g of DL a tocopherol and 5ml squalene), then microfluidising the mixture. 

20 The resulting emulsion may have submicron oil droplets e.g. with an average diameter of 
between 100 and 250nm, preferably about 180nm. The emulsion may also include a 3-de-O-
acylated monophosphoryl lipid A (3d MPL). Another useful emulsion of this type may 
comprise, per human dose, 0.5-10 mg squalene, 0.5-11 mg tocopherol, and 0.1-4 mg 
polysorbate 80 [60] e.g. in the ratios discussed above. 

25 • An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-100). The 
emulsion may also include a 3d-MPL (see below). The emulsion may contain a phosphate 
buffer. 

• An emulsion comprising a polysorbate (e.g. polysorbate 80), a Triton detergent (e.g. Triton 
X-100) and a tocopherol (e.g. an a-tocopherol succinate). The emulsion may include these 

30 three components at a mass ratio of about 75:11:10 (e.g. 750(ig/ml polysorbate 80, 110(ig/ml 
Triton X-100 and 100(ig/ml a-tocopherol succinate), and these concentrations should include 
any contribution of these components from antigens. The emulsion may also include squalene. 
The emulsion may also include a 3d-MPL (see below). The aqueous phase may contain a 
phosphate buffer. 

35 • An emulsion of squalane, polysorbate 80 and poloxamer 401 ("Pluronic™ L121"). The 
emulsion can be formulated in phosphate buffered saline, pH 7.4. This emulsion is a useful 
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delivery vehicle for muramyl dipeptides, and has been used with threonyl-MDP in the 

"SAF-1" adjuvant [61] (0.05-1% Thr-MDP, 5% squalane, 2.5% Pluronic L121 and 0.2% 

polysorbate 80). It can also be used without the Thr-MDP, as in the "AF" adjuvant [62] (5% 

squalane, 1.25% Pluronic L121 and 0.2% polysorbate 80). Microfluidisation is preferred. 

5 • An emulsion comprising squalene, an aqueous solvent, a polyoxyethylene alkyl ether 

hydrophilic 	nonionic 	surfactant 	(e.g. 	polyoxyethylene 	(12) 	cetostearyl 	ether) 	and 	a 

hydrophobic nonionic surfactant (e.g. a sorbitan ester or mannide ester, such as sorbitan 

monoleate or 'Span 80'). The emulsion is preferably thermoreversible and/or has at least 90% 

of the oil droplets (by volume) with a size less than 200 nm [63]. The emulsion may also 

10 include one or more of: alditol; a cryoprotective agent (e.g. a sugar, such as dodecylmaltoside 

and/or sucrose); and/or an alkylpolyglycoside. The emulsion may include a TLR4 agonist [64]. 

Such emulsions may be lyophilized. 

• An emulsion of squalene, poloxamer 105 and Abil-Care [65]. The final concentration (weight) 

of these components in adjuvanted vaccines are 5% squalene, 4% poloxamer 105 (pluronic 

15 polyol) 	and 	2% 	Abil-Care 	85 	(B is-PEG/PPG-16/16 	PEG/PPG-16/16 	dimethicone; 

caprylic/capric triglyceride). 

20 

• An emulsion having from 0.5-50% of an oil, 0.1-10% of a phospholipid, and 0.05-5% of a 

non-ionic surfactant. As described in reference 66, preferred phospholipid components are 

phosphatidylcholine, 	phosphatidylethanolamine, 	phosphatidylserine, 	phosphatidylinositol, 

phosphatidylglycerol, phosphatidic acid, sphingomyelin and cardiolipin. Submicron droplet 

sizes are advantageous. 

• A submicron oil-in-water emulsion of a non-metabolisable oil (such as light mineral oil) and at 

least one surfactant (such as lecithin, Tween 80 or Span 80). Additives may be included, such 

as QuilA saponin, cholesterol, a saponin-lipophile conjugate (such as GPI-0100, described in 

25 reference 67, produced by addition of aliphatic amine to desacylsaponin via the carboxyl group 

of glucuronic acid), dimethyidioctadecylammonium bromide and/or N,N-dioctadecyl-N,N-bis 

(2-hydroxyethyl)propanediamine. 

• An emulsion in which a saponin (e.g. QuilA or QS21) and a sterol (e.g. a cholesterol) are 

associated as helical micelles [68]. 

30 • An emulsion comprising a mineral oil, a non-ionic lipophilic ethoxylated fatty alcohol, and a 

non-ionic hydrophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene-

polyoxypropylene block copolymer) [69]. 

• An emulsion comprising a mineral oil, a non-ionic hydrophilic ethoxylated fatty alcohol, and a 

non-ionic lipophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene- 

35 polyoxypropylene block copolymer) [69]. 
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delivery vehicle for muramyl dipeptides, and has been used with threonyl-MDP in the 
"SAF-1" adjuvant [61] (0.05-1% Thr-MDP, 5% squalane, 2.5% Pluronic L121 and 0.2% 
polysorbate 80). It can also be used without the Thr-MDP, as in the "AF" adjuvant [62] (5% 
squalane, 1.25% Pluronic L121 and 0.2% polysorbate 80). Microfluidisation is preferred. 

An emulsion comprising squalene, an aqueous solvent, a polyoxyethylene alkyl ether 
hydrophilic nonionic surfactant (e.g. polyoxyethylene (12) cetostearyl ether) and a 
hydrophobic nonionic surfactant (e.g. a sorbitan ester or mannide ester, such as sorbitan 
monoleate or 'Span 80'). The emulsion is preferably thermoreversible and/or has at least 90% 
of the oil droplets (by volume) with a size less than 200 nm [63], The emulsion may also 
include one or more of: alditol; a cryoprotective agent (e.g. a sugar, such as dodecylmaltoside 
and/or sucrose); and/or an alkylpolyglycoside. The emulsion may include a TLR4 agonist [64], 
Such emulsions may be lyophilized. 

An emulsion of squalene, poloxamer 105 and Abil-Care [65], The final concentration (weight) 
of these components in adjuvanted vaccines are 5% squalene, 4% poloxamer 105 (pluronic 
polyol) and 2% Abil-Care 85 (Bis-PEG/PPG-16/16 PEG/PPG-16/16 dimethicone; 
caprylic/capric triglyceride). 

An emulsion having from 0.5-50% of an oil, 0.1-10% of a phospholipid, and 0.05-5% of a 
non-ionic surfactant. As described in reference 66, preferred phospholipid components are 
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, 
phosphatidylglycerol, phosphatidic acid, sphingomyelin and cardiolipin. Submicron droplet 
sizes are advantageous. 

A submicron oil-in-water emulsion of a non-metabolisable oil (such as light mineral oil) and at 
least one surfactant (such as lecithin, Tween 80 or Span 80). Additives may be included, such 
as QuilA saponin, cholesterol, a saponin-lipophile conjugate (such as GPI-0100, described in 
reference 67, produced by addition of aliphatic amine to desacylsaponin via the carboxyl group 
of glucuronic acid), dimethyidioctadecylammonium bromide and/or N,N-dioctadecyl-N,N-bis 
(2-hydroxyethyl)propanediamine. 

An emulsion in which a saponin (e.g. QuilA or QS21) and a sterol (e.g. a cholesterol) are 
associated as helical micelles [68], 

An emulsion comprising a mineral oil, a non-ionic lipophilic ethoxylated fatty alcohol, and a 
non-ionic hydrophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene-
polyoxypropylene block copolymer) [69], 

An emulsion comprising a mineral oil, a non-ionic hydrophilic ethoxylated fatty alcohol, and a 
non-ionic lipophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene-
polyoxypropylene block copolymer) [69], 
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In some embodiments an emulsion may be mixed with antigen extemporaneously, at the time of 

delivery, and thus the adjuvant and antigen may be kept separately in a packaged or distributed 

vaccine, ready for final formulation at the time of use. In other embodiments an emulsion is mixed 

with antigen during manufacture, and thus the composition is packaged in a liquid adjuvanted form. 

5 The antigen will generally be in an aqueous form, such that the vaccine is finally prepared by mixing 

two liquids. The volume ratio of the two liquids for mixing can vary (e.g. between 5:1 and 1:5) but is 

generally about 1:1. Where concentrations of components are given in the above descriptions of 

specific emulsions, these concentrations are typically for an undiluted composition, 	and the 

concentration after mixing with an antigen solution will thus decrease. 

10 Packaging of vaccine compositions 

Suitable containers for compositions of the invention (or kit components) include vials, syringes (e.g. 

disposable syringes), nasal sprays, etc. These containers should be sterile. 

Where a composition/component is located in a vial, the vial is preferably made of a glass or plastic 

material. The vial is preferably sterilized before the composition is added to it. To avoid problems 

15 with latex-sensitive patients, vials are preferably sealed with a latex-free stopper, and the absence of 

latex in all packaging material is preferred. The vial may include a single dose of vaccine, or it may 

include more than one dose (a `multidose' vial) e.g. 10 doses. Preferred vials are made of colourless 

glass. 

A vial can have a cap (e.g. a Luer lock) adapted such that a pre-filled syringe can be inserted into the 

20 cap, the contents of the syringe can be expelled into the vial (e.g. to reconstitute lyophilised material 

therein), and the contents of the vial can be removed back into the syringe. After removal of the 

syringe from the vial, a needle can then be attached and the composition can be administered to a 

patient. The cap is preferably located inside a seal or cover, such that the seal or cover has to be 

removed before the cap can be accessed. A vial may have a cap that permits aseptic removal of its 

25 contents, particularly for multidose vials. 

Where a component is packaged into a syringe, the syringe may have a needle attached to it. If a 

needle is not attached, a separate needle may be supplied with the syringe for assembly and use. Such 

a needle may be sheathed. Safety needles are preferred. 1-inch 23-gauge, 1-inch 25-gauge and 5/8-

inch 25-gauge needles are typical. Syringes may be provided with peel-off labels on which the lot 

30 number, influenza season and expiration date of the contents may be printed, to facilitate record 

keeping. The plunger in the syringe preferably has a stopper to prevent the plunger from being 

accidentally removed during aspiration. The syringes may have a latex rubber cap and/or plunger. 

Disposable syringes contain a single dose of vaccine. The syringe will generally have a tip cap to seal 

the tip prior to attachment of a needle, and the tip cap is preferably made of a butyl rubber. If the 

35 syringe and needle are packaged separately then the needle is preferably fitted with a butyl rubber 

shield. Preferred syringes are those marketed under the trade name "Tip-Lok"Tm. 
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accidentally removed during aspiration. The syringes may have a latex rubber cap and/or plunger. 
Disposable syringes contain a single dose of vaccine. The syringe will generally have a tip cap to seal 
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shield. Preferred syringes are those marketed under the trade name "Tip-Lok"™. 
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Containers may be marked to show a half-dose volume e.g. to facilitate delivery to children. For 

instance, a syringe containing a 0.5m1 dose may have a mark showing a 0.25m1 volume. 

Where a glass container (e.g. a syringe or a vial) is used, then it is preferred to use a container made 

from a borosilicate glass rather than from a soda lime glass. 

5 A kit or composition may be packaged (e.g. in the same box) with a leaflet including details of the 

vaccine e.g. instructions for administration, details of the antigens within the vaccine, etc. The 

instructions may also contain warnings e.g. to keep a solution of adrenaline readily available in case 

of anaphylactic reaction following vaccination, etc. 

Methods of treatment, and administration of the vaccine 

10 The invention provides a vaccine manufactured according to the invention. 	These vaccine 

compositions are suitable for administration to human or non-human animal subjects, such as pigs or 

birds, and the invention provides a method of raising an immune response in a subject, comprising 

the step of administering a composition of the invention to the subject. The invention also provides a 

composition of the invention for use as a medicament, and provides the use of a composition of the 

15 invention for the manufacture of a medicament for raising an immune response in a subject. 

The immune response raised by these methods and uses will generally include an antibody response, 

preferably a protective antibody response. Methods for assessing antibody responses, neutralising 

capability and protection after influenza virus vaccination are well known in the art. Human studies 

have shown that antibody titers against hemagglutinin of human influenza virus are correlated with 

20 protection (a serum sample hemagglutination-inhibition titer of about 30-40 gives around 50% 

protection from infection by a homologous virus) [70]. Antibody responses are typically measured by 

hemagglutination inhibition, by microneutralisation, by single radial immunodiffusion (SRID), 

and/or by single radial hemolysis (SRH). These assay techniques are well known in the art. 

Compositions of the invention can be administered in various ways. 	The most preferred 

25 immunisation route is by intramuscular injection (e.g. into the arm or leg), but other available routes 

include subcutaneous injection, intranasal [71-73], oral [74], intradermal [75,76], transcutaneous, 

transdermal [77], etc. 

Vaccines prepared according to the invention may be used to treat both children and adults. Influenza 

vaccines are currently recommended for use in pediatric and adult immunisation, from the age of 6 

30 months. Thus a human subject may be less than 1 year old, 1-5 years old, 5-15 years old, 15-55 years 

old, or at least 55 years old. Preferred subjects for receiving the vaccines are the elderly (e.g. >50 

years old, >60 years old, and preferably >65 years), the young (e.g. <5 years old), hospitalised 

subjects, healthcare workers, armed service and military personnel, pregnant women, the chronically 

ill, immunodeficient subjects, subjects who have taken an antiviral compound (e.g. an oseltamivir or 

35 zanamivir compound; see below) in the 7 days prior to receiving the vaccine, people with egg 

allergies and people travelling abroad. The vaccines are not suitable solely for these groups, 
35 

WO 2014/195920 PCT/IB2014/062030 

Containers may be marked to show a half-dose volume e.g. to facilitate delivery to children. For 

instance, a syringe containing a 0.5ml dose may have a mark showing a 0.25ml volume. 
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however, and may be used more generally in a population. For pandemic strains, administration to all 

age groups is preferred. 

Preferred compositions of the invention satisfy 1, 2 or 3 of the CPMP criteria for efficacy. In adults 

(18-60 years), these criteria are: (1) >70% seroprotection; (2) >40% seroconversion; and/or (3) a 

5 GMT increase of >2.5-fold. In elderly (>60 years), these criteria are: (1) >60% seroprotection; 

(2) >30% seroconversion; and/or (3) a GMT increase of >2-fold. These criteria are based on open 

label studies with at least 50 patients. 

Treatment can be by a single dose schedule or a multiple dose schedule. Multiple doses may be used 

in a primary immunisation schedule and/or in a booster immunisation schedule. In a multiple dose 

10 schedule the various doses may be given by the same or different routes e.g. a parenteral prime and 

mucosal boost, a mucosal prime and parenteral boost, etc. Administration of more than one dose 

(typically two doses) is particularly useful in immunologically naive patients e.g. for people who 

have never received an influenza vaccine before, or for vaccinating against a new HA subtype (as in 

a pandemic outbreak). Multiple doses will typically be administered at least 1 week apart (e.g. about 

15 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12 

weeks, about 16 weeks, etc.). 

Vaccines produced by the invention may be administered to patients at substantially the same time as 

(e.g. during the same medical consultation or visit to a healthcare professional or vaccination centre) 

other vaccines e.g. at substantially the same time as a measles vaccine, a mumps vaccine, a rubella 

20 vaccine, a MMR vaccine, a varicella vaccine, a MAIRV vaccine, a diphtheria vaccine, a tetanus 

vaccine, a pertussis vaccine, a DTP vaccine, a conjugated H.influenzae type b vaccine, an inactivated 

poliovirus vaccine, a hepatitis B virus vaccine, a meningococcal conjugate vaccine (such as a 

tetravalent A-C-W135-Y vaccine), a respiratory syncytial virus vaccine, a pneumococcal conjugate 

vaccine, etc. Administration at substantially the same time as a pneumococcal vaccine and/or a 

25 meningococcal vaccine is particularly useful in elderly patients. 

Similarly, vaccines of the invention may be administered to patients at substantially the same time as 

(e.g. 	during the same medical consultation or visit to a healthcare professional) an antiviral 

compound, and in particular an antiviral compound active against influenza virus (e.g. oseltamivir 

and/or zanamivir). These antivirals include neuraminidase inhibitors, such as a (3R,4R,5S)-4- 

30 acetyl amino-5 -amino-3 (1 -ethylpropoxy)-1-cy clohexene-1 - carboxyli c 	acid 	or 	5 -(ac etyl amino)-4- 

[(aminoiminomethyl)- amino] -2,6-anhy dro-3 ,4,5 -tri deoxy-D-gly cero-D-gal actonon-2-enoni c 	acid, 

including esters thereof (e.g. the ethyl esters) and salts thereof (e.g. the phosphate salts). A preferred 

antiviral is (3R,4R,5 S)-4-acetyl amino-5 -amino-3 (1 - ethylpropoxy)-1 - cyclohexene-1 -carboxyl i c acid, 

ethyl ester, phosphate (1:1), also known as oseltamivir phosphate (TAMIFLUTm). 
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vaccine, a pertussis vaccine, a DTP vaccine, a conjugated H.influenzae type b vaccine, an inactivated 
poliovirus vaccine, a hepatitis B virus vaccine, a meningococcal conjugate vaccine (such as a 
tetravalent A-C-W135-Y vaccine), a respiratory syncytial virus vaccine, a pneumococcal conjugate 
vaccine, etc. Administration at substantially the same time as a pneumococcal vaccine and/or a 

25 meningococcal vaccine is particularly useful in elderly patients. 

Similarly, vaccines of the invention may be administered to patients at substantially the same time as 
(e.g. during the same medical consultation or visit to a healthcare professional) an antiviral 
compound, and in particular an antiviral compound active against influenza virus (e.g. oseltamivir 
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ethyl ester, phosphate (1:1), also known as oseltamivir phosphate (TAMIFLU™). 
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General 

The term "comprising" encompasses "including" as well as "consisting" e.g. 	a composition 

"comprising" X may consist exclusively of X or may include something additional e.g. X + Y. 

The word "substantially" does not exclude "completely" e.g. a composition which is "substantially 

5 free" from Y may be completely free from Y. Where necessary, the word "substantially" may be 

omitted from the definition of the invention. 

The term "about" in relation to a numerical value x is optional and means, for example, x+10%. 

The preferred pairwise alignment algorithm for use with the invention is the Needleman-Wunsch 

global alignment algorithm [78], using default parameters (e.g. with Gap opening penalty = 10.0, and 

10 with Gap extension penalty = 0.5, using the EBLOSUM62 scoring matrix). This algorithm is 

conveniently implemented in the needle tool in the EMBOSS package [79]. 

Unless specifically stated, a process comprising a step of mixing two or more components does not 

require any specific order of mixing. Thus components can be mixed in any order. Where there are 

three components then two components can be combined with each other, and then the combination 

15 may be combined with the third component, etc. 

The various steps of the methods may be carried out at the same or different times, in the same or 

different geographical locations, e.g. countries, and by the same or different people or entities. 

Where animal (and particularly bovine) materials are used in the culture of cells, they should be 

obtained from sources that are free from transmissible spongiform encephalopathies (TSEs), and in 

20 particular free from bovine spongiform encephalopathy (BSE). Overall, it is preferred to culture cells 

in the total absence of animal-derived materials. 

Where a compound is administered to the body as part of a composition then that compound may 

alternatively be replaced by a suitable prodrug. 

References to a percentage sequence identity between two amino acid sequences means that, when 

25 aligned, that percentage of amino acids are the same in comparing the two sequences. This alignment 

and the percent homology or sequence identity can be determined using software programs known in 

the art, for example those described in section 7.7.18 of reference 80. A preferred alignment is 

determined by the Smith-Waterman homology search algorithm using an affine gap search with a 

gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith- 

30 Waterman homology search algorithm is taught in reference 81. 

References to a percentage sequence identity between two nucleic acid sequences mean that, when 

aligned, that percentage of bases are the same in comparing the two sequences. This alignment and 

the percent homology or sequence identity can be determined using software programs known in the 

art, for example those described in section 7.7.18 of reference 80. A preferred alignment program is 
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GCG Gap (Genetics Computer Group, Wisconsin, Suite Version 10.1), preferably using default 

parameters, which are as follows: open gap = 3; extend gap = 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Backbone-derived viruses outperform wt A/Brisbane/10/10 virus in growth and HA 

5 yield. (A) HA yield as measured by HA ELISA. The y-axis shows the HA yield (p.g/mL) (B) The 

fold increase in HA yield by ELISA was calculated by normalizing the HA ELISA values to those of 

the A/Brisbane/10/10 WT virus. The y-axis shows the fold increase in HA yield. (C) HA titers using 

0.5% guinea pig RBCs. The y-axis shows the log2 HA titer. (D) Viral titers 60h post-infection as 

determined by FFA assay. The y-axis shows the FFU/mL. 

10 Bars represent the mean plus SEM of three independent experiments. Statistical significance was 

determined using one-way ANOVA. The mean value of each group was compared to WT virus using 

Dunnett's multiple comparison test. * = P<0.05, ** = P< 0.01, *** = P<0.001; The white bars 

represent the results with wt A/Brisbane/10/10, the dotted column shows the results with the PR8X 

backbone; the hatched column shows the results with the #19 column and the grey column shows the 

15 results with the #21 backbone. 

Figure 2 compares the HA yield of different reassortant influenza B strains in MDCK cells relative 

to the wild-type (WT) or reverse genetics-derived (RG) B/Brisbane/60/08 strain. The viral segments 

of the tested influenza B viruses are shown in Table 1. The y-axis indicates the HA yield in mg/mL. 

Figure 3 compares the HA yield of different reassortant influenza B strains in MDCK cells relative 

20 to the wild-type (WT) or reverse genetics-derived (RG) B/Panama/45/90 strain. The viral segments 

of the tested influenza B viruses are shown in Table 1. The y-axis indicates the HA yield in mg/mL. 

Figure 4 (A) Schematic diagram and sequence alignment of chimeric HA constructs. The wild type 

A/Brisbane/10/10 HA (WT Bris) is shown in white. The terminal regions of HA, non-coding regions 

(NCR), signal peptide (SP), transmembrane region (TM) and cytoplasmic domain (CT), from two 

25 laboratory adapted strains of H1N1, PR8X (dotted fields) and 105p30 (hatched fields), are fused to 

the A/Brisbane/10/10 ectodomain to produce the chimeric HA segments shown. (B) Sequence 

alignment of the terminal regions of A/Brisbane/10/10 (Bris), PR8X and 105p30 HA. Dashes 

represent nucleotides conserved among the strains. The 3'NCR is separated from the signal peptide 

sequence by the solid bar. For brevity, the ectodomain sequence is omitted (../..). The transmembrane 

30 region is separated from the cytoplasmic tail by the dashed line. The stop codon is underlined and 

followed by the 5'NCR. (C) Schematic diagram and sequence alignment of chimeric NA constructs. 

The wild type A/Brisbane/10/10 NA (WT Bris) is shown in white. The terminal regions of NA, non-

coding regions (NCR), cytoplasmic domain (CT), and transmembrane region (TM) from PR8X 

(gray) and 105 (slanted lines), are grafted into the A/Brisbane/10/10 ectodomain to produce the 

35 chimeric NA segments shown. (D) Sequence alignment of the terminal regions of A/Brisbane/10/10 

(Bris), PR8X and 105 NA. Dashes represent nucleotides conserved among the strains. The 
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The wild type A/Brisbane/10/10 NA (WT Bris) is shown in white. The terminal regions of NA, non-
coding regions (NCR), cytoplasmic domain (CT), and transmembrane region (TM) from PR8X 
(gray) and 105 (slanted lines), are grafted into the A/Brisbane/10/10 ectodomain to produce the 

35 chimeric NA segments shown. (D) Sequence alignment of the terminal regions of A/Brisbane/10/10 
(Bris), PR8X and 105 NA. Dashes represent nucleotides conserved among the strains. The 
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cytoplasmic tail is separated from the 3 'NCR by the solid bar and from the transmembrane region by 

the dashed line. For brevity, the ectodomain sequence is omitted (../..). The stop codon is underlined 

and followed by the 5'NCR. 

Figure 5. PR8X(term) HA/NA segments enhance HA yield over PR8X(term) HA or NA only. 

5 MDCK 33016PF cells are infected at an MOI of 0.001 with viruses with the PR8X backbone using 

the indicated HA/NA gene segment combinations. (A) Fold increase as measured by HA ELISA and 

compared to the yield using WT A/Brisbane/10/10 HA and NA segments. The y-axis shows the fold 

increase in HA yield. (B) HA titer as determined using 0.5% red blood cells from guinea pigs. The 

y-axis shows the log2 HA titer. (C) Virus titers 60 h post infection as determined by FFA assay. The 

10 y-axis shows the FFU/mL. 

Bars represent the mean plus SEM of three independent experiments. Statistical significance was 

determined using one-way ANOVA. The mean value of each group is compared to Bris HA/NA 

using Dunnett's multiple comparison test. * = P<0.05, ** =13‹ 0.01. 

Figure 6. Chimeric HA/NA segments enhance HA yield with all three optimized backbones. 

15 MDCK 33016PF cells are infected at an MOI of 0.001 with viruses derived from the three optimised 

backbones using HA and NA gene segments with the terminal regions from A/Brisbane/10/10 (Bris) 

(white columns), PR8X (hatched columns) and 105p30 (grey columns). Upper panels (A, B and C) 

show the fold increase in HA yield as measured by HA ELISA and compared to the yield using WT 

HA/NA segments (Bris). The y-axis shows fold increase in HA titer. Middle panels (D, E and F) 

20 show HA titers 60 h post infection as determined by HA assay. The y-axis shows log2 HA titer. 

Lower panels (G, H and I) show virus titers 60 h post infection as determined by FFA assay. The 

y-axis shows FFU/mL. 

Bars represent the mean plus SEM of three independent experiments. Statistical significance was 

determined using one-way ANOVA. The mean value of each group was compared to Bris HA/NA 

25 using Dunnett's multiple comparison test. * = P<0.05, ** = P< 0.01. 

Figure 7. Chimeric HA and NA segments enhance HA yield with #21 backbone. MDCK 

33016PF cells were infected at an MOI of 0.001 with the X187 working seed (A/Victoria/210/2009 

classical reassortant, white columns) and viruses derived from the #21 backbone with the indicated 

HA and NA gene segment combinations: terminal regions from WT A/Victoria/210/2009 (Vic, grey 

30 columns), PR8X (dotted columns) or 105 (hatched columns). (A) shows virus titers 60 h post 

infection as determined by FFA assay. The y-axis indicates FFU/mL (B) shows HA yield 60 h post 

infection as determined by HA ELISA. The y-axis indicates HA yield (m/mL). 

Bars represent the mean plus SEM of two independent experiments. Statistical significance was 

determined using one-way ANOVA. The mean value of each group was compared to Bris HA/NA 

35 using Dunnett's multiple comparison test. * = P<0.05. 
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Figure 8. Enhanced HA content of #21 backbone-derived viruses with chimeric HA/NA 

segments. (A) HA yield of large scale cultures (60mL) of MDCK 33016PF cells, infected at an MOI 

of 0.001 with #21 derived viruses containing HA and NA gene segments with the terminal regions 

from A/Brisbane/10/10 (Bris) (white columns), PR8X (hatched columns) and 105p30 (grey 

5 columns). HA yield is measured by HPLC after virus is concentrated and purified by sucrose-

gradient density centrifugation. The y-axis shows ug HA/mL culture (B) Deglycosylation of HA 

(dHA) is performed using PNGase and viruses are subsequently separated by SDS-PAGE and viral 

proteins stained using SYPRO-Ruby. (C) HA content of #21 with the indicated HA and NA 

segments as assessed by gel densitometry assay and HPLC/BCA assay. The HA content is calculated 

10 from gel densitometry and from HPLC by dividing values from (A) over the total protein 

concentration in the fractions, as determined by a BCA assay. The columns show the results with HA 

and NA gene segments with the terminal regions from A/Brisbane/10/10 (Bris) (white columns), 

PR8X (hatched columns) and 105p30 (grey columns). 

The y-axis shows % HA content. HA content values were compared to those of Bris(term) HA and 

15 NA (WT control), which were assigned a value of 1. 

Bars represent the mean plus SEM of two independent experiments. Statistical significance is 

determined using one-way ANOVA. The mean value of each group was compared to Bris HA/NA 

using Dunnett's multiple comparison test. * = P<0.05, ** = P<0.001. 

MODES FOR CARRYING OUT THE INVENTION 

20 Materials and Methods 

Cells, viruses and plasmids 

293T cells and suspension MDCK 33016PF cells are maintained as previously described [82]. 

The eight segments from PR8X and 105p30, the PB1 segment from A/California/07/09 and the 

HA/NA segments from A/Brisbane/10/10 are cloned in plasmid pKS10 for virus rescue as previously 

25 described [82]. HA terminal region chimeras are generated using overlap PCR and cloned into 

pKS10 as previously described [82]. Overlap PCR and Quikchange (Agilent) mutagenesis are used to 

generate the NA terminal region chimeras. All plasmids are sequence verified before use in rescue 

experiments. 

Virus growth in MDCK cells 

30 10 mL suspension cultures of MDCK 33016PF cultures (1 x 106  cells/ml) are inoculated with virus at 

a multiplicity of infection (MOI) of 0.001 and incubated in TubeSpinTM Bioreactor 50 (TPP). 

Samples are taken at 0 and 60 hours post-infection and frozen at -80 °C until processed. Analogous 

methods are used for preparations of 60 mL of cultures grown in 125 ml shake flasks. Viral titers are 

determined using a previously described focus-formation assay [83] with slight modifications. 
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The eight segments from PR8X and 105p30, the PB1 segment from A/California/07/09 and the 

HA/NA segments from A/Brisbane/10/10 are cloned in plasmid pKSlO for virus rescue as previously 

25 described [82], HA terminal region chimeras are generated using overlap PCR and cloned into 

pKSlO as previously described [82], Overlap PCR and Quikchange (Agilent) mutagenesis are used to 

generate the NA terminal region chimeras. All plasmids are sequence verified before use in rescue 

experiments. 

Virus growth in MDCK cells 

30 10 mL suspension cultures of MDCK 33016PF cultures (1 x 106 cells/ml) are inoculated with virus at 

a multiplicity of infection (MOI) of 0.001 and incubated in TubeSpin™ Bioreactor 50 (TPP). 

Samples are taken at 0 and 60 hours post-infection and frozen at -80 °C until processed. Analogous 

methods are used for preparations of 60 mL of cultures grown in 125 ml shake flasks. Viral titers are 

determined using a previously described focus-formation assay [83] with slight modifications. 
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Infectious foci are detected using an Alexa Fluor® 488-conjugated goat anti-mouse IgG (Invitrogen), 

and quantified with a BioSpotTM Analyzer (CTL). 

HA ELISA 

384w plates (Costar) are coated 0/N with Galanthus Nivalis (GNA) lectin (Sigma). Plates are 

5 washed four times with wash buffer (PBS+ 0.05% Tween20) and blocked with 10 mM Tris-HC1+ 

150 mM NaC1+3% Sucrose+ 1%BSA, pH 7.68 (blocking buffer) for 1 hr at room temperature. 

Three-fold serial dilutions of the samples containing a final concentration of 1% Zwittergent 3-14 

(Sigma) are prepared, added in duplicate to the plates, and incubated at 37°C for 30 minutes in a 

shaker. Biotinylated-IgG purified from pooled sheep antisera (NIBSC cat# 11/110) raised against 

10 A/California/07/09 (antigenically similar to A/Brisbane/10/10) are added and further incubated at 

37°C for 30 minutes in a shaker. Plates are then washed four times with wash buffer and incubated 

with Streptavidin-Alkaline phosphatase (KPL) in wash buffer at 37°C for 30 minutes in a shaker. 

Plates are washed four times with wash buffer and developed using lmg/ml p-Nitrophenyl Phosphate 

pNPP (Sigma) in DEA buffer phosphatase substrate (KPL). Plates are read after 40-50 min 

15 incubation in the dark at 405 nm using an InfiniteTM 200 PRO plate reader (Tecan). Data are 

analyzed using GraphPad Prism software. 

Hemagglutination inhibition assay 

The Haemagglutination Inhibition Assay (HAI) is performed using ferret antisera FR-359 raised 

20 against A/California/07/09 (IRR) and a 0.75% suspension of chicken erythrocytes (Lampire 

Biologicals). 

The hemagglutination inhibition assay (HAI) is performed as described in the World Health 

Organization Manual for the Laboratory Diagnosis and Virological Surveillance of Influenza. Ferret 

antisera FR-359 raised against A/California/07/09 (IRR) and a 0.75% suspension of chicken 

25 erythrocytes (Lampire Biologicals) prepared in phosphate-buffered saline (PBS) are used. 

Sucrose density gradient separation 

40 mL of the harvested medum is concentrated — 16 fold by centrifugal ultrafiltration (Vivaspin 20 

with 300 kD MWCO, Sartorius-Stedim Biotech) and viruses are purified. A hemagglutination assay 

with 0.5% guinea pig red blood cells (Cleveland Scientific) is performed to identify the fractions 

30 with the highest virion content, which are then pooled. The protein content of the pooled fractions is 

determined using a BCA assay (Pierce) following the manufacturer's directions. 

Reversed-phase HPLC (RP-HPLC) 

Purified virions are analyzed by HPLC. The HA' concentration is quantified using purified HA' (a 

HA maturational cleavage fragment) from A/California/07/09 reagent (NIBSC cat # 09/146 and 

35 09/174) and prepared using identical methods. 
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combo # PA PB1 PB2 NP NS M HA NA 

1 (WT) Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 

2 Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 

3 Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 

42 

WO 2014/195920 PCT/IB2014/062030 

SDS-PAGE and PNGaseF deglycosylation assay 

Equal volumes from pooled virus-containing fractions are deglycosylated following the protocol of 

reference 3 with minor modifications. Samples are separated using 4-12 % Nu-PAGE precast gels 

5 (Invitrogen), stained overnight by shaking at room temperature using SYPRO-Ruby stain (Sigma) 

and destained by shaking in 10% methanol for 30 mins at room temperature. Gels are scanned using 

a Chemidoc XRS Imager (BioRad) and analyzed using ImageJ software. 

Results 

Three optimized backbones outperform the current vaccine seed virus for growth and HA yield in 

10 MDCK cell cultures. 

To overcome the limitations of using egg-derived high-growth reassortants as seed viruses for 

manufacturing influenza vaccines, three MDCK cell-optimized backbones (PR8-X, #19 and #21) are 

developed. PR8X contains all backbone segments from the cell-adapted PR8X strain. The #19 

backbone contains PB1, PB2 and NP from the cell-adapted 105p30 strain, and the remaining 

15 backbone segments from PR8X. The #21 backbone contains an A/California/07/09-like PB1 and the 

remaining backbone segments from PR8X. Figure 1 shows the data compiled from three independent 

experiments that compare the HA yield (Fig. 1A and B) and growth (Fig.lC) of the WT virus 

A/Brisbane/10/10 with reassortant influenza viruses comprising these three optimized backbones 

(PR8X, #19 and #21) and the A/Brisbane/10/10 HA/NA segments. All reassortant influenza viruses 

20 display better performance relative to the WT A/Brisbane/10/10 virus. The virus with the #21 

backbone produces the highest HA yield increase by ELISA (7.5-fold more than wild type, 

P < 0.001) and has the highest hemagglutination (HA) (~10-fold more, P < 0.001) and viral titers 

(~50-fold more than WT, P < 0.05). 

Growth characteristics of reassortant influenza B viruses 

25 Reassortant influenza B viruses are produced by reverse genetics which contain the HA and NA 

proteins from various influenza strains and the other viral segments from B/Brisbane/60/08 and/or 

B/Panama/45/90. As a control the corresponding wild-type influenza B strain is used. These viruses 

are cultured either in embyronated chicken eggs or in MDCK cells. The following influenza B strains 

are used: 

30 Table 1 

Backbone segments Antigenic 

determinants 
combo # PA PB1 PB2 NP NS M HA NA 
1 (WT) Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 
2 Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 
3 Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 

42 



WO 2014/195920 
	

PCT/IB2014/062030 

The results 

well or 

Most of 

which 

contain 

ratio 7:1, 

Chimeric 

4 Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisban0 

strain. 

those 

also 

at a 

5 Brisbane Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane 

6 Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 

7 Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisban 

8 Panama Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane: 

9 Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane:: 

10 Brisbane Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane' 

11 Brisbane Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbanef: 

12 Panama Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane 

13 Panama Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane 

14 Panama Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbane: 
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20 BbPanama Panama Panama Panama Panama Panama Panama 

21 Panama Panama Panama Panama Panama Panama Panama 

22 Panama Panama Panama Panama Panama Panama Panama 
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indicate that reassortant viruses #2, #9, #30, #31, #32, #33, #34 and #35 grow equally 

even better in the culture host (see Figures 2 and 3) than the corresponding wild-type 

these strains comprise the NP segment from B/Brisbane/60/08 and some (in particular 

grew best) further contain the PB2 segment from B/Brisbane/60/08. All of these viruses 

viral segments from the B/Victoria/2/87-like strain and the B/Yamagata/16/88-like strain 

6:2, 4:4, 3:4 or 1:7. 

HA and NA segments with terminal regions from cell-adapted strains 
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4 Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisbane 
5 Brisbane Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane 
6 Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane 
7 Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane Brisbane 
8 Panama Brisbane Brisbane Panama Brisbane Brisbane Brisbane Brisbane 
9 Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane 
10 Brisbane Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane 
11 Brisbane Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbane 
12 Panama Panama Panama Brisbane Brisbane Brisbane Brisbane Brisbane 
13 Panama Panama Brisbane Panama Brisbane Brisbane Brisbane Brisbane 
14 Panama Brisbane Panama Panama Brisbane Brisbane Brisbane Brisbane 
15 Brisbane Panama Panama Panama Brisbane Brisbane Brisbane Brisbane 
16 Panama Panama Panama Panama Brisbane Brisbane Brisbane Brisbane 
17 Panama Panama Panama Panama Panama Panama Brisbane Brisbane 
20 Brisbane Panama Panama Panama Panama Panama Panama Panama 
21 Panama Brisbane Panama Panama Panama Panama Panama Panama 
22 Panama Panama Brisbane Panama Panama Panama Panama Panama 
23 Panama Panama Panama Brisbane Panama Panama Panama Panama 
24 Brisbane Brisbane Panama Panama Panama Panama Panama Panama 
25 Brisbane Panama Brisbane Panama Panama Panama Panama Panama 
26 Brisbane Panama Panama Brisbane Panama Panama Panama Panama 
27 Panama Brisbane Brisbane Panama Panama Panama Panama Panama 
28 Panama Brisbane Panama Brisbane Panama Panama Panama Panama 
29 Panama Panama Brisbane Brisbane Panama Panama Panama Panama 
30 Brisbane Brisbane Brisbane Panama Panama Panama Panama Panama 
31 Brisbane Brisbane Panama Brisbane Panama Panama Panama Panama 
32 Brisbane Panama Brisbane Brisbane Panama Panama Panama Panama 
33 Panama Brisbane Brisbane Brisbane Panama Panama Panama Panama 
34 Brisbane Brisbane Brisbane Brisbane Panama Panama Panama Panama 
35 Brisbane Brisbane Brisbane Brisbane Brisbane Brisbane Panama Panama 

The results indicate that reassortant viruses #2, #9, #30, #31, #32, #33, #34 and #35 grow equally 
well or even better in the culture host (see Figures 2 and 3) than the corresponding wild-type strain. 
Most of these strains comprise the NP segment from B/Brisbane/60/08 and some (in particular those 

5 which grew best) further contain the PB2 segment from B/Brisbane/60/08. All of these viruses also 
contain viral segments from the B/Victoria/2/87-like strain and the B/Yamagata/16/88-like strain at a 
ratio 7:1, 6:2, 4:4, 3:4 or 1:7. 

Chimeric HA and NA segments with terminal regions from cell-adapted strains 
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Chimeric HA and NA segments are constructed that combine the non-antigenic terminal regions 

from HA (NCRs, signal peptide, transmembrane and cytoplasmic domains) and NA (NCRs, 

cytoplasmic and transmembrane domains) from PR8X and 105p30 with the ectodomain of the 

A/Brisbane/10/10 HA and NA segments, respectively. Figure 4 shows a diagram of the constructs 

5 and a sequence alignment of the terminal regions of HA (panels A, B) and NA (panels C, D). 

PR8X(term) HA and NA constructs significantly enhance HA yield with the PR8X backbone 

Reassortant influenza viruses are rescued which contain the PR8X backbone in combination with 

either the A/Brisbane/10/10 (H1N1) wt HA and NA segments, or chimeric HA and NA segments 

which comprise the ectodomain from A/Brisbane/10/10 and the other domains from PR8X 

10 (PR8X(term)). The growth and HA yield from the different rescued viruses is compared. 

HA yield (Fig. 5A), as measured by HA ELISA, is 4-fold higher for the virus with PR8X(term) HA 

and NA segments than for the virus with WT HA and NA segments (P < 0.01). Virus with the 

PR8X(term) HA segment and WT NA segment yields a 3-fold increase in HA compared to the virus 

with WT HA and NA (P < 0.05). Virus with PR8X(term) HA and NA segments has 2-fold higher 

15 HA titers (P<0.05) and 4-fold higher viral titers than the virus with WT HA and NA segments (Figs. 

5B, C). Overall, these data show that viruses with chimeric PR8X(term) HA and NA segments yield 

more HA than viruses containing only chimeric PR8X(term) HA or NA segments. 

Chimeric HA and NA constructs enhance HA yield with all three optimized backbones 

The inventors next tested whether the PR8X(term) or 105p30(term) HA/NA segments can enhance 

20 growth and HA yield of the resulting viruses in all three of the optimized backbones (Fig. 1A.). HA 

yield, as measured by ELISA and normalized to the yield from WT HA and NA segments, increase 

—4-fold with PR8X(term) HA and NA segments and —5-fold (P<0.05) with 105(term) HA and NA 

segments using the PR8X backbone (Fig. 6A). HA yield increases correlate with increases in HA 

titer and viral titers using the PR8X(term) and 105(term) HA and NA constructs (Figs. 6D, G). With 

25 the #19 backbone, HA yield is —2.5-fold higher (P < 0.05) with the PR8X(term) HA and NA 

segments and —3-fold higher (P < 0.05) with the 105(term) HA and NA segments over virus with 

WT HA and NA segments (Fig. 6B). HA yield increases are not associated with increases in viral 

titers or HA titers (Figs. 6E, H). 

When using the #21 backbone, the inventors find significant increases with PR8X(term) and 

30 105(term) HA and NA segments in HA yield, —2.5-fold (P < 0.01) and —3-fold (P < 0.01) 

respectively, HA titers (2-fold (P<0.05)) and viral titers over virus containing WT HA and NA 

segments (Figs. 6C, F, I ). Overall, these data show that using chimeric HA and NA segments with 

terminal regions derived from cell-adapted strains increase HA yield independent of the backbone 

used. 

35 The inventors confirm that these results are not limited to a specific vaccine strain, by preparing a 

reassortant influenza virus which comprises the #21 backbone, the HA and NA ectodomain from 
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Chimeric HA and NA segments are constructed that combine the non-antigenic terminal regions 

from HA (NCRs, signal peptide, transmembrane and cytoplasmic domains) and NA (NCRs, 

cytoplasmic and transmembrane domains) from PR8X and 105p30 with the ectodomain of the 

A/Brisbane/10/10 HA and NA segments, respectively. Figure 4 shows a diagram of the constructs 

5 and a sequence alignment of the terminal regions of HA (panels A, B) and NA (panels C, D). 

PR8X(term) HA and NA constructs significantly enhance HA yield with the PR8X backbone 

Reassortant influenza viruses are rescued which contain the PR8X backbone in combination with 

either the A/Brisbane/10/10 (H1N1) wt HA and NA segments, or chimeric HA and NA segments 

which comprise the ectodomain from A/Brisbane/10/10 and the other domains from PR8X 

10 (PR8X(term)). The growth and HA yield from the different rescued viruses is compared. 

HA yield (Fig. 5A), as measured by HA ELISA, is 4-fold higher for the virus with PR8X(term) HA 

and NA segments than for the virus with WT HA and NA segments (P < 0.01). Virus with the 

PR8X(term) HA segment and WT NA segment yields a 3-fold increase in HA compared to the virus 

with WT HA and NA (P < 0.05). Virus with PR8X(term) HA and NA segments has 2-fold higher 

15 HA titers (P<0.05) and 4-fold higher viral titers than the virus with WT HA and NA segments (Figs. 

5B, C). Overall, these data show that viruses with chimeric PR8X(term) HA and NA segments yield 

more HA than viruses containing only chimeric PR8X(term) HA or NA segments. 

Chimeric HA and NA constructs enhance HA yield with all three optimized backbones 

The inventors next tested whether the PR8X(term) or 105p30(term) HA/NA segments can enhance 

20 growth and HA yield of the resulting viruses in all three of the optimized backbones (Fig. 1 A.). HA 

yield, as measured by ELISA and normalized to the yield from WT HA and NA segments, increase 

~4-fold with PR8X(term) HA and NA segments and ~5-fold (P<0.05) with 105(term) HA and NA 

segments using the PR8X backbone (Fig. 6A). HA yield increases correlate with increases in HA 

titer and viral titers using the PR8X(term) and 105(term) HA and NA constructs (Figs. 6D, G). With 

25 the #19 backbone, HA yield is ~2.5-fold higher (P < 0.05) with the PR8X(term) HA and NA 

segments and ~3-fold higher (P < 0.05) with the 105(term) HA and NA segments over virus with 

WT HA and NA segments (Fig. 6B). HA yield increases are not associated with increases in viral 

titers or HA titers (Figs. 6E, H). 

When using the #21 backbone, the inventors find significant increases with PR8X(term) and 

30 105(term) HA and NA segments in HA yield, ~2.5-fold (P < 0.01) and ~3-fold (P < 0.01) 

respectively, HA titers (2-fold (P<0.05)) and viral titers over virus containing WT HA and NA 

segments (Figs. 6C, F, I). Overall, these data show that using chimeric HA and NA segments with 

terminal regions derived from cell-adapted strains increase HA yield independent of the backbone 

used. 

35 The inventors confirm that these results are not limited to a specific vaccine strain, by preparing a 

reassortant influenza virus which comprises the #21 backbone, the HA and NA ectodomain from 
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A/Victoria/210/2009, and the terminal regions from WT A/Victoria/210/2009, PR8X 	or 105p30. 

The results (Figure 7) show that reassortants which comprise chimeric HA or NA segments give 

better HA yields. 

Sequence analyses of the viruses recovered from all backbones with WT or chimeric HA and NA 

segments confirmed their sequence identity with the plasmids used in virus rescue. To confirm that 

viruses with chimeric HA and NA segments maintain their correct antigenicity, a hemagglutination 

inhibition (HAI) assay is performed using ferret antisera raised against A/California/07/2009, which 

is antigenically similar to WT A/Brisbane/10/10. Table 2 shows, as expected, that the viruses with 

the chimeric HA and NA segments are antigenically indistinguishable (within 2-fold in an HAI 

assay) from the reference antigen that contains the WT HA and NA segments. 

Table 2: Antigenic analysis of viruses derived from the three optimized backbones (Values 

represent the geometric mean of HI titers from duplicate experiments) 

Antigen 	 Ferret Sera FR-359 
(H1N1) 

A/Brisbane/10/10 	 2560 

PR8X+Bris(term) HA/NA 	 1920 

PR8X+PR8X(term) HA/NA 	 1920 

PR8X+105(term) HA/NA 	 1920 

#19+Bris(term) HA/NA 	 1280 

#19+PR8X(term) HA/NA 	 1280 

#19+105(term) HA/NA 	 2560 

#21+Bris(term) HA/NA 	 2560 

#21+PR8X(term) HA/NA 	 1920 

#21+105(term) HA/NA 	 1280 

IVR165 (H3N2) 	 10> 

Increased HA content of viruses containing chimeric HA/NA segments 

To verify further that the results observed using unpurified cell culture supernatants reflect HA yield 

from purified viruses, the inventors performed additional characterizations of viruses derived from 

the #21 backbone, which produce the highest amounts of HA (Fig. 1). To this end, large-scale 

amplifications (60 mL) of these viruses are performed and viruses purified using sucrose density- 

gradient centrifugation, as described in the methods. 	HA' yield (normalized to the original culture 

volume of 60mL) is determined using HPLC. Compared to viruses with wt HA/NA segments, 

viruses with the chimeric PR8X(term) and 105p30(term) HA/NA segments have —1.8 fold increase 

(11.3 ug/mL vs 6.2 ug/mL) and a —2.2 fold increase (13.6 ug/mL vs 6.2 ug/mL) in HA yield, 

respectively (Fig 8A). 

The HA content in these purified preparations is determined by using either gel densitometry or a 

combination of HPLC measurement of HA and total protein measurement by BCA assay. For gel 
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A/Victoria/210/2009, and the terminal regions from WT A/Victoria/210/2009, PR8X or 105p30. 
The results (Figure 7) show that reassortants which comprise chimeric HA or NA segments give 
better HA yields. 

Sequence analyses of the viruses recovered from all backbones with WT or chimeric HA and NA 
5 segments confirmed their sequence identity with the plasmids used in virus rescue. To confirm that 

viruses with chimeric HA and NA segments maintain their correct antigenicity, a hemagglutination 
inhibition (HAI) assay is performed using ferret antisera raised against A/California/07/2009, which 
is antigenically similar to WT A/Brisbane/10/10. Table 2 shows, as expected, that the viruses with 
the chimeric HA and NA segments are antigenically indistinguishable (within 2-fold in an HAI 

10 assay) from the reference antigen that contains the WT HA and NA segments. 

Table 2: Antigenic analysis of viruses derived from the three optimized backbones (Values 
represent the geometric mean of HI titers from duplicate experiments) 

Antigen Ferret Sera FR-359 
fHlNl] 

A/Brisbane/10/10 2560 

PR8X+Bris(term) HA/NA 1920 
PR8X+PR8X(term) HA/NA 1920 
PR8X+105(term) HA/NA 1920 
#19+Bris(term) HA/NA 1280 
#19+PR8X(term) HA/NA 1280 
#19+105(term) HA/NA 2560 
#21+Bris(term) HA/NA 2560 
#21+PR8X(term) HA/NA 1920 
#21+105(term) HA/NA 1280 
IVR165 (H3N2) 10> 

Increased HA content of viruses containing chimeric HA/NA segments 

15 To verify further that the results observed using unpurified cell culture supematants reflect HA yield 
from purified viruses, the inventors performed additional characterizations of viruses derived from 
the #21 backbone, which produce the highest amounts of HA (Fig. 1). To this end, large-scale 
amplifications (60 mL) of these viruses are performed and viruses purified using sucrose density-
gradient centrifugation, as described in the methods. HAI yield (normalized to the original culture 

20 volume of 60mL) is determined using HPLC. Compared to viruses with wt HA/NA segments, 
viruses with the chimeric PR8X(term) and 105p30(term) HA/NA segments have -1.8 fold increase 
(11.3 ug/mL vs 6.2 ug/mL) and a -2.2 fold increase (13.6 ug/mL vs 6.2 ug/mL) in HA yield, 
respectively (Fig 8A). 

The HA content in these purified preparations is determined by using either gel densitometry or a 
25 combination of HPLC measurement of HA and total protein measurement by BCA assay. For gel 
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densitometry determination, the pooled fractions are treated with PNGaseF, resolved by SDS-PAGE, 

and then stained with SYPRO-Ruby to permit accurate determination of NP, HAL M, and HA2 by 

densitometry. Fig. 8B shows the positions of these bands on the stained gel, and Fig. 8C shows that 

viruses with the PR8X(term) and 105(term) HA and NA segments had increases of 14% (P<0.05) 

5 and 32% (P<0.01), respectively, compared to viruses containing the WT HA and NA segments. 

To quantitate HA' content using the HPLC data, the HA' values obtained by HPLC (Fig. 8A) are 

expressed as a fraction of the total protein content (as measured by the BCA assay) of the pooled 

fractions. The results in Fig. 8C show that viruses with PR8X(term) and 105(term) HA and NA 

segments had increased HA content of 29% and 46 %, respectively, compared to WT HA and NA 

10 containing viruses. 

In conclusion, these data show that the productivity of three optimized backbones for virus rescue 

can be enhanced by modifying the terminal regions of the HA and NA segments with those from 

cell-adapted strains. 

15 It will be understood that the invention has been described by way of example only and modifications 

may be made whilst remaining within the scope and spirit of the invention. 

SEQUENCES 

SEQ ID NO: 1 (PA, PR8-X) 
MEDFVRQCFNPMIVELAEKTMKEYGEDLKI ETNKFAAI CTHLEVCFMYSDFHFINEQGES I IVELGDPNALLKHRFE 

20 I I EGRDRTMAWTVVNS I CNTTGAEKPKFLPDLYDYKENRFIEI GVT RREVHI YYLEKANKI KS EKTHI HI FS FT GEE 
MATKADYT LDEES RARI KT RL FT I RQEMAS RGLWDS FRQS ERGEET I EERFEI T GTMRKLADQS L P PNFS SLENFRA 
YVDGFEPNGYI EGKL SQMS KEVNARI EP FLKTT P RP LRL PNGP P CSQRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 
KCMRTFFGWKEPNVVKPHEKGINPNYLLSWKQVLAELQDIENEEKI PKTKNMKKTSQLKWALGENMAPEKVDFDDCK 
DVGDLKQYDS DEP ELRS LASWI QNEFNKACELT DS SWIELDEI GEDVAP I EHIASMRRNYFT S EVSHCRAT EYIMKG 

25 VYINTALLNAS CAAMDDFQL I PMI SKCRTKEGRRKTNLYGFI I KGRSHLRNDT DVVNEVSMEFS LT DP RLEPHKWEK 
YCVLEI GDML I RSAI GQVS RPMFLYVRTNGT SKI KMKWGMEMRRCLLQS LQQI ESMI EAES SVKEKDMTKEFFENKS 
ETWP I GES PKGVEES S I GKVCRTLLAKSVFNSLYAS PQLEGFSAES RKLLL IVQALRDNLEP GT FDLGGLYEAI EEC 
LINDPWVLLNASWFNS FLTHALS 

SEQ ID NO: 2 (PBI, PR8-X) 
30 MDVNPTLLFLKVPTQNAI S TT FPYT GDP PYSHGT GT GYTMDTVNRTHQYS EKGRWTTNT ET GAPQLNP I DGP L P EDN 

EP S GYAQT DCVLEAMAFLEESHP GI FENS CI ETMEVVQQT RVDKLTQGRQTYDWT LNRNQPAATALANT I EVFRSNG 
LTANES GRL I DFLKDVMESMNKEEMGI TTHFQRKRRVRDNMTKKMI TQRTMGKKKQRLNKRS YL I RALT LNTMTKDA 
ERGKLKRRAIAT P GMQI RGFVYFVET LARS I CEKLEQS GL PVGGNEKKAKLANVVRKMMTNSQDT EL S FT I T GDNTK 
WNENQNP RMFLAMI TYMT RNQP EWFRNVL S IAPIMESNKMARLGKGYMFESKSMKLRTQI PAEMLAS I DLKYFNDS T 

35 RKKI EKI RP LL I EGTAS L S PGMMMGMFNMLSTVLGVS I LNLGQKRYTKTTYWWDGLQS SDDFALIVNAPNHEGIQAG 
VDRFYRT CKLLGINMS KKKS YINRT GT FEET S FFYRYGEVANFSMEL P S FGVSGINESADMS I GVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRS FEI KKLWEQT RS KAGLLVS DGGPNLYNI RNLHI PEVCLKWELM 
DEDYQGRLCNP LNP FVSHKEI ESMNNAVMMPAHGPAKNMEYDAVATTHSWI PKRNRS I LNT SQRGVLEDEQMYQRCC 
NLFEKFFPS S SYRRPVGI S SMVEAMVS RARI DART DEES GRI KKEEFT EIMKI CS T I EELRRQK 

40 SEQ ID NO: 3 (PB2, PR8-X) 
MERIKELRNLMSQSRTREILTKTTVDHMAI I KKYT S GRQEKNPALRMKWMMAMKYP I TADKRI T EMI PERNEQGQTL 
WS KMNDAGS DRVMVS P LAVTWWNRNGP I TNTVHYPKI YKTYFERVERLKHGT FGPVHFRNQVKI RRRVDINP GHADL 
SAKEAQDVIMEVVFPNEVGARI LT S ESQLT I TKEKKEELQDCKI S PLMVAYMLERELVRKTRFLPVAGGTS SVYI EV 
LHLTQGT CWEQMYT P GGEVRNDDVDQS L I IAARNIVRRAAVSADP LAS LLEMCHS TQI GGIRMVDILRQNPTEEQAV 
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densitometry determination, the pooled fractions are treated with PNGaseF, resolved by SDS-PAGE, 

and then stained with SYPRO-Ruby to permit accurate determination of NP, HAI, M, and HA2 by 

densitometry. Fig. 8B shows the positions of these bands on the stained gel, and Fig. 8C shows that 

viruses with the PR8X(term) and 105(term) HA and NA segments had increases of 14% (P<0.05) 

5 and 32% (P<0.01), respectively, compared to viruses containing the WT HA and NA segments. 

To quantitate HAI content using the HPLC data, the HAI values obtained by HPLC (Fig. 8A) are 

expressed as a fraction of the total protein content (as measured by the BCA assay) of the pooled 

fractions. The results in Fig. 8C show that viruses with PR8X(term) and 105(term) HA and NA 

segments had increased HA content of 29% and 46 %, respectively, compared to WT HA and NA 

10 containing viruses. 

In conclusion, these data show that the productivity of three optimized backbones for virus rescue 

can be enhanced by modifying the terminal regions of the HA and NA segments with those from 

cell-adapted strains. 

15 It will be understood that the invention has been described by way of example only and modifications 

may be made whilst remaining within the scope and spirit of the invention. 

SEQUENCES 

SEQ ID NO: 1 (PA, PR8-X) 
MEDFVRQCFNPMIVELAEKTMKEYGEDLKIETNKFAAICTHLEVCFMYSDFHFINEQGESIIVELGDPNALLKHRFE 

20 IIEGRDRTMAWTWNSICNTTGAEKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEE 
MATKADYTLDEESRARIKTRLFTIRQEMASRGLWDSFRQSERGEETIEERFEITGTMRKLADQSLPPNFSSLENFRA 
YVDGFEPNGYIEGKLSQMSKEVNARIEPFLKTTPRPLRLPNGPPCSQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMRTFFGWKEPNWKPHEKGINPNYLLSWKQVLAELQDIENEEKIPKTKNMKKTSQLKWALGENMAPEKVDFDDCK 
DVGDLKQYDSDEPELRSLASWIQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTSEVSHCRATEYIMKG 

25 VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 
YCVLEIGDMLIRSAIGQVSRPMFLYVRTNGTSKIKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 
ETWPIGESPKGVEESSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLIVQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALS 

SEQ ID NO: 2 (PB1, PR8-X) 
30 MDVNPTLLFLKVPTQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSEKGRWTTNTETGAPQLNPIDGPLPEDN 

EPSGYAQTDCVLEAMAFLEESHPGIFENSCIETMEWQQTRVDKLTQGRQTYDWTLNRNQPAATALANTIEVFRSNG 
LTANESGRLIDFLKDVMESMNKEEMGITTHFQRKRRVRDNMTKKMITQRTMGKKKQRLNKRSYLIRALTLNTMTKDA 
ERGKLKRRAIATPGMQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANWRKMMTNSQDTELSFTITGDNTK 
WNENQNPRMFLAMITYMTRNQPEWFRNVLSIAPIMFSNKMARLGKGYMFESKSMKLRTQIPAEMLASIDLKYFNDST 

35 RKKIEKIRPLLIEGTASLSPGMMMGMFNMLSTVLGVSILNLGQKRYTKTTYWWDGLQSSDDFALIVNAPNHEGIQAG 
VDRFYRTCKLLGINMSKKKSYINRTGTFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWEQTRSKAGLLVSDGGPNLYNIRNLHIPEVCLKWELM 
DEDYQGRLCNPLNPFVSHKEIESMNNAVMMPAHGPAKNMEYDAVATTHSWIPKRNRSILNTSQRGVLEDEQMYQRCC 
NLFEKFFPSSSYRRPVGISSMVEAMVSRARIDARIDFESGRIKKEEFTEIMKICSTIEELRRQK 

40 SEQ ID NO: 3 (PB2, PR8-X) 
MERIKELRNLMSQSRTREILTKTTVDHMAIIKKYTSGRQEKNPALRMKWMMAMKYPITADKRITEMIPERNEQGQTL 
WSKMNDAGSDRVMVSPLAVTWWNRNGPITNTVHYPKIYKTYFERVERLKHGTFGPVHFRNQVKIRRRVDINPGHADL 
SAKEAQDVIMEWFPNEVGARILTSESQLTITKEKKEELQDCKISPLMVAYMLERELVRKTRFLPVAGGTSSVYIEV 
LHLTQGTCWEQMYTPGGEVRNDDVDQSLIIAARNIVRRAAVSADPLASLLEMCHSTQIGGIRMVDILRQNPTEEQAV 
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DI CKAAMGLRI S S S FS EGGFTFKRT S GS SVKREEEVLTGNLQTLKIRVHEGYEEFTMVGRRATAI LRKAT RRL I QL I 

VS GRDEQ S IAEAT IVAMVFS QEDCMI KAVRGDLN FVNRANQRLN PMHQLLRH FQKDARVL FQNWGVE P I DNVMGMI G 

I LPDMTP S I EMSMRGVRI SKMGVDEYS STERVVVS I DRFLRIRDQRGNVLLS P EEVS ETQGT EKLT I TYS S SMMWEI 

NGPESVLVNTYQWI I RNWETVKI QWS QNPTMLYNKMEFEP FQ S LVP KAI RGQYS GFVRT L FQQMRDVLGT FDTAQ I I 

5 KLL P FAAAP P KQ S RMQ FS S FTVNVRGSGMRI LVRGNS PVFNYNKAT KRLTVLGKDAGT LT ED P DEGTAGVE SAVLRG 

FL I LGKEDKRYGPALS INELSNLAKGEKANVLI GQGDVVLVMKRKRDS S I LT DS QTAT KRI RMAIN 

SEQ ID NO: 4 (NP, PR8-X) 
MASQGTKRSYEQMETDGERQNATEIRASVGKMI GGI GRFYI QMCT ELKL S DYEGRL I QNS LT I ERMVLSAFDERRNK 

YLEEHP SAGKDP KKT GGP I YRRVNGKWMREL I LYDKEEI RRIWRQANNGDDATAGLTHMMIWHSNLNDATYQRT RAL 

10 VRT GMD P RMC S LMQGS T L P RRS GAAGAAVKGVGTMVMELVRMI KRGI NDRN FWRGENGRKT RIAYERMCN I LKGKFQ 

TAAQKAMMDQVRES RNP GNAEFEDLT FLARSAL I LRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGI DP FRLLQ 

NS QVYS L I RPNENPAHKS QLVWMACHSAAFEDLRVL S FI KGT KVL P RGKL S T RGVQ IASNENMETMES STLELRSRY 

WAI RT RS GGNTNQQRASAGQ I SIQ PT FSVQRNL P FDRTT IMAAFNGNT EGRT SDMRTEI I RMMESARP EDVS FQGRG 

VFELSDEKAAS PIVP S FDMSNEGSYFFGDNAEEYDN 

15 SEQ ID NO: 5 (M, PR8-X) 
MS LLT EVETYVL SII PS GP LKAEIAQRLEDVFAGKNT DLEVLMEWLKT RP ILS P LT KGI LGFVFTLTVP SERGLQRR 

RFVQNALNGNGD PNNMDKAVKLYRKLKREI T FHGAKEI S L S YSAGALAS CMGL I YNRMGAVTT EVAFGLVCAT CEQ I 

AD S QHRS HRQMVTTTN P L I RHENRMVLAS TTAKAMEQMAGS S EQAAEAMEVAS QARQMVQAMRT I GTHP S S SAGLKN 

DLLENLQAYQKRMGVQMQRFK 

20 SEQ ID NO: 6 (NS, PR8-X) 
MDPNTVS S FQVDCFLWHVRKRVADQELGDAPFLDRLRRDQKSLRGRGSTLGLDIKTATRAGKQIVERI LKEES DEAL 

KMTMASVPAS RYLT DMT LEEMS RDWSML I PKQKVAGPLCIRMDQAIMDKNI I LKANFSVI FDRLET L I LLRAFT EEG 

AIVGEI S PLP S LP GHTAEDVKNAVGVL I GGLEWNDNTVRVS ET LQRFAWRS SNENGRP P LT P KQKREMAGT I RS EV 

SEQ ID NO: 7 (HA, PR8-X) 
25 MKANLLVLLCALAAADADT I CI GYHTNNS T DTVDTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAP LQLGKCNIAGW 

LLGNPECDPLLPVRSWSYIVETPNSENGI CYPGDFI DYEELREQLS SVS S FERFEI FP KES SWPNHNTNGVTAACSH 

EGKS S FYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVT SNYNRRFT P EIA 

ERP KVRDQAGRMNYYWT LLKP GDT I I FEANGNL IAPMYAFAL S RGFGS GI IT SNASMHECNTKCQTPLGAINS SLPY 

QNI HPVT I GECPKYVRSAKLRMVTGLRNI P S IQ S RGL FGAIAGFI EGGWTGMI DGWYGYHHQNEQGSGYAADQKSTQ 

30 NAINGITNKVNTVI EKMNI Q FTAVGKEENKLEKRMENLNKKVDDGELDIWTYNAELLVLLENERT LEFHDSNVKNLY 

EKVKSQLKNNAKEI GNGCFEFYHKCDNECMESVRNGTYDYP KYS EES KLNREKVDGVKLESMGI YQ I LAI YS TVAS S 

LVLLVSLGAI S FWMCSNGSLQCRI CI 

SEQ ID NO: 8 (NA, PR8-X) 
MNPNQKI ITIGSICLVVGLI SLILQIGNI I SIWI SHSIQTGSQNHTGICNQNI ITYKNSTWVKDTTSVILTGNSSLC 

35 P I RGWAI YSKDNS I RI GS KGDVFVI REP FI SCSHLECRTFFLTQGALLNDKHS SGTVKDRS PYRALMSCPVGEAP S P 

YNS RFESVAWSASACHDGMGWLT I GI S GP DNGAVAVLKYNGI I T ET I KSWRKKI LRTQES ECACVNGS CFT IMT DGP 

SDGLASYKI FKI EKGKVT KS I ELNAPNSHYEEC S CYP DT DKVMCVCRDNWHGSNRPWVS FDQNLDYQ I GYI CSGVFG 

DNP RP EDGT GS CGPVYVDGANGVKGFS YRYGNGVWI GRTKSHS S RHGFEMIWDPNGWT ET DS KFSVRQDVVAMT DWS 

GYS GS FVQHP ELT GLDCMRP CFWVEL I RGRP KEKT IWT SAS S I S FCGVNS DTVDWSWP DGAEL P FS I DK 

40 SEQ ID NO: 9 (PA, PR8-X) 
AGCGAAAGCAGGTACT GAT CCAAAAT GGAAGATTTT GT GCGACAAT GCTT CAAT CCGAT GATT GT CGAGCTT GCGGA 

AAAAACAAT GAAAGAGTAT G G G GAG GAC C T GAAAAT CGAAACAAACAAAT T T GCAGCAATAT G CAC T CAC T T GGAAG 

TAT GCTT CAT GTATT CAGATTTT CACTT CAT CAAT GAGCAAGGCGAGT CAATAAT CGTAGAACTT GGT GAT CCAAAT 

GCACTTTTGAAGCACAGATTTGAAATAATCGAGGGAAGAGATCGCACAATGGCCTGGACAGTAGTAAACAGTATTTG 

45 CAACACTACAGGGGCT GAGAAAC CAAAGTTT CTAC CAGATTT GTAT GAT TACAAGGAGAATAGATTTAT CGAAATT G 

GAGTAACAAGGAGAGAAGT T CACATATAC TAT C T GGAAAAGGCCAATAAAAT TAAAT CT GAGAAAACACACAT C CAC 

ATTTT CT CGTT CACT GGGGAAGAAAT GGCCACAAAGGCAGACTACACT CT CGAT GAAGAAAGCAGGGCTAGGAT CAA 

AAC CAGACTATT CAC CATAAGACAAGAAAT GGC CAGCAGAGGCCT CT GGGATT CCTTT CGT CAGT CCGAGAGAGGAG 

AAGAGACAATT GAAGAAAGGTTT GAAAT CACAGGAACAAT GCGCAAGCTT GCCGAC CAAAGT CT CCCGCCGAACTT C 

50 T CCAGCCTT GAAAATTTTAGAGCCTAT GT GGAT GGATT CGAACCGAACGGCTACATT GAGGGCAAGCT GT CT CAAAT 

GT CCAAAGAAGTAAAT GCTAGAATT GAACCTTTTTT GAAAACAACAC CAC GAC CACTTAGACTT CCGAAT GGGCCT C 

CCT GTT CT CAGCGGT CCAAATT CCT GCT GAT GGAT GCCTTAAAATTAAGCATT GAGGACCCAAGT CAT GAAGGAGAG 

GGAATACCGCTATAT GAT GCAAT CAAAT GCAT GAGAACATT CTTT GGAT GGAAGGAACCCAAT GTT GT TAAAC CACA 
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DICKAAMGLRISSSFSFGGFTFKRTSGSSVKREEEVLTGNLQTLKIRVHEGYEEFTMVGRRATAILRKATRRLIQLI 
VSGRDEQSIAEAIIVAMVFSQEDCMIKAVRGDLNFVNRANQRLNPMHQLLRHFQKDARVLFQNWGVEPIDNVMGMIG 
ILPDMTPSIEMSMRGVRISKMGVDEYSSTERVWSIDRFLRIRDQRGNVLLSPEEVSETQGTEKLTITYSSSMMWEI 
NGPESVLWTYQWIIRNWETVKIQWSQNPTMLYNKMEFEPFQSLVPKAIRGQYSGFVRTLFQQMRDVLGTFDTAQII 

5 KLLPFAAAPPKQSRMQFSSFTWVRGSGMRILVRGNSPVFNYNKATKRLTVLGKDAGTLTEDPDEGTAGVESAVLRG 
FLILGKEDKRYGPALSINELSNLAKGEKANVLIGQGDWLVMKRKRDSSILTDSQTATKRIRMAIN 

SEQ ID NO: 4 (NP, PR8-X) 
MASQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGRFYIQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNK 
YLEEHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIWRQANNGDDATAGLTHMMIWHSNLNDATYQRTRAL 

10 VRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRGINDRNFWRGENGRKTRIAYERMCNILKGKFQ 
TAAQKAMMDQVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGIDPFRLLQ 
NSQVYSLIRPNENPAHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLSTRGVQIASNENMETMESSTLELRSRY 
WAIRTRSGGNTNQQRASAGQISIQPTFSVQRNLPFDRTTIMAAFNGNTEGRTSDMRTEIIRMMESARPEDVSFQGRG 
VFELSDEKAASPIVPSFDMSNEGSYFFGDNAEEYDN 

15 SEQ ID NO: 5 (M, PR8-X) 
MSLLTEVETYVLSIIPSGPLKAEIAQRLEDVFAGKNTDLEVLMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 
RFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEISLSYSAGALASCMGLIYNRMGAVTTEVAFGLVCATCEQI 
ADSQHRSHRQMVTTTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEVASQARQMVQAMRTIGTHPSSSAGLKN 
DLLENLQAYQKRMGVQMQRFK 

20 SEQ ID NO: 6 (NS, PR8-X) 
MDPNTVSSFQVDCFLWHVRKRVADQELGDAPFLDRLRRDQKSLRGRGSTLGLDIKTATRAGKQIVERILKEESDEAL 
KMTMASVPASRYLTDMTLEEMSRDWSMLIPKQKVAGPLCIRMDQAIMDKNIILKANFSVIFDRLETLILLRAFTEEG 
AIVGEISPLPSLPGHTAEDVKNAVGVLIGGLEWNDNTVRVSETLQRFAWRSSNENGRPPLTPKQKREMAGTIRSEV 

SEQ ID NO: 7 (HA, PR8-X) 
25 MKANLLVLLCALAAADADTICIGYHTNNSTDTVDTVLEKNVTVTHSWLLEDSHNGKLCRLKGIAPLQLGKCNIAGW 

LLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSH 
EGKSSFYRNLLWLTEKEGSYPKLKNSYWKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSWTSNYNRRFTPEIA 
ERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSNASMHECNTKCQTPLGAINSSLPY 
QNIHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTQ 

30 NAINGITNKWTVIEKMNIQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLENERTLEFHDSNVKNLY 
EKVKSQLKNNAKEIGNGCFEFYHKCDNECMESVRNGTYDYPKYSEESKLNREKVDGVKLESMGIYQILAIYSTVASS 
LVLLVSLGAISFWMCSNGSLQCRICI 

SEQ ID NO: 8 (NA, PR8-X) 
MNPNQKIITIGSICLWGLISLILQIGNIISIWISHSIQTGSQNHTGICNQNIITYKNSTWVKDTTSVILTGNSSLC 

35 PIRGWAIYSKDNSIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSSGTVKDRSPYRALMSCPVGEAPSP 
YNSRFESVAWSASACHDGMGWLTIGISGPDNGAVAVLKYNGIITETIKSWRKKILRTQESECACWGSCFTIMTDGP 
SDGLASYKIFKIEKGKVTKSIELNAPNSHYEECSCYPDTDKVMCVCRDNWHGSNRPWVSFDQNLDYQIGYICSGVFG 
DNPRPEDGTGSCGPVYVDGANGVKGFSYRYGNGVWIGRTKSHSSRHGFEMIWDPNGWTETDSKFSVRQDWAMTDWS 
GYSGSFVQHPELTGLDCMRPCFWVELIRGRPKEKTIWTSASSISFCGVNSDTVDWSWPDGAELPFSIDK 

40 SEQ ID NO: 9 (PA, PR8-X) 
AGCGAAAGCAGGTACTGATCCAAAATGGAAGATTTTGTGCGACAATGCTTCAATCCGATGATTGTCGAGCTTGCGGA 
AAAAACAAT GAAAGAGTAT G G G GAG GAC C T GAAAAT C GAAACAAACAAAT T T G CAG CAATAT G CAC T CAC T T G GAAG 
TAT G C T T CAT GTAT T CAGAT T T T CAC T T CAT CAAT GAG CAAG G C GAGT CAATAAT C GTAGAAC T T G GT GAT C CAAAT 
G CAC T T T T GAAG CACAGAT T T GAAATAAT C GAG G GAAGAGAT C G CACAAT G G C C T G GACAGTAGTAAACAGTAT T T G 

45 CAACACTACAGGGGCT GAGAAACCAAAGTTT CTACCAGATTT GTAT GATTACAAGGAGAATAGATTTAT CGAAATT G 
GAGTAACAAG GAGAGAAGT T CACATATAC TAT C T G GAAAAG G C CAATAAAAT TAAAT C T GAGAAAACACACAT C CAC 
ATTTTCTCGTTCACTGGGGAAGAAATGGCCACAAAGGCAGACTACACTCTCGATGAAGAAAGCAGGGCTAGGATCAA 
AAC CAGAC TAT T CAC CATAAGACAAGAAAT G GC CAG CAGAG GCCTCTGG GAT TCCTTTCGT CAGT C C GAGAGAG GAG 
AAGAGACAATTGAAGAAAGGTTTGAAATCACAGGAACAATGCGCAAGCTTGCCGACCAAAGTCTCCCGCCGAACTTC 

50 TCCAGCCTTGAAAATTTTAGAGCCTATGTGGATGGATTCGAACCGAACGGCTACATTGAGGGCAAGCTGTCTCAAAT 
GTCCAAAGAAGTAAATGCTAGAATTGAACCTTTTTTGAAAACAACACCACGACCACTTAGACTTCCGAATGGGCCTC 
CCTGTTCTCAGCGGTCCAAATTCCTGCTGATGGATGCCTTAAAATTAAGCATTGAGGACCCAAGTCATGAAGGAGAG 
GGAATAC C GCTATAT GAT GCAAT CAAAT GCAT GAGAACAT T CT T T GGAT GGAAGGAAC C CAAT GT T GT TAAAC CACA 
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CGAAAAGGGAATAAATCCAAATTATCTTCTGTCATGGAAGCAAGTACTGGCAGAACTGCAGGACATTGAGAATGAGG 
AGAAAATTCCAAAGACTAAAAATATGAAGAAAACAAGTCAGCTAAAGTGGGCACTTGGTGAGAACATGGCACCAGAA 
AAGGTAGACTTT GACGACT GTAAAGAT GTAGGT GATTT GAAGCAATAT GATAGT GAT GAACCAGAATT GAGGT CGCT 
TGCAAGTTGGATTCAGAATGAGTTTAACAAGGCATGCGAACTGACAGATTCAAGCTGGATAGAGCTCGATGAGATTG 

5 GAGAAGAT GT GGCT CCAATT GAACACATT GCAAGCAT GAGAAGGAATTATTT CACAT CAGAGGT GT CT CACT GCAGA 
GCCACAGAATACATAAT GAAGGGGGT GTACATCAATACT GCCTT GCTTAAT GCAT CTT GT GCAGCAAT GGAT GATTT 
CCAATTAATTCCAATGATAAGCAAGTGTAGAACTAAGGAGGGAAGGCGAAAGACCAACTTGTATGGTTTCATCATAA 
AAGGAAGATCCCACTTAAGGAATGACACCGACGTGGTAAACTTTGTGAGCATGGAGTTTTCTCTCACTGACCCAAGA 
CTT GAACCACATAAAT GGGAGAAGTACT GT GTT CTT GAGATAGGAGATAT GCTTATAAGAAGT GCCATAGGCCAGGT 

10 TTCAAGGCCCATGTTCTTGTATGTGAGAACAAATGGAACCTCAAAAATTAAAATGAAATGGGGAATGGAGATGAGGC 
GTT GCCT CCT CCAGT CACTT CAACAAATT GAGAGTAT GATT GAAGCT GAGT CCT CT GT CAAAGAGAAAGACAT GACC 
AAAGAGTTCTTTGAGAACAAATCAGAAACATGGCCCATTGGAGAGTCCCCCAAAGGAGTGGAGGAAAGTTCCATTGG 
GAAGGTCTGCAGGACTTTATTAGCAAAGTCGGTATTCAACAGCTTGTATGCATCTCCACAACTAGAAGGATTTTCAG 
CTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGACAACCTTGAACCTGGGACCTTTGATCTTGGGGGG 

15 CTATATGAAGCAATTGAGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCT 
TACACAT GCATT GAGTTAGTT GT GGCAGT GCTACTATTT GCTAT CCATACT GT CCAAAAAAGTACCTT GTTT CTACT 

SEQ ID NO: 10 (PB1, PR8-X) 
AGCGAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACCTTACTTTTCTTAAAAGTGCCAACACAAAATGCTAT 
AAGCACAACTTTCCCTTATACTGGAGACCCTCCTTACAGCCATGGGACAGGAACAGGATACACCATGGATACTGT CA 

20 ACAGGACACATCAGTACTCAGAAAAGGGAAGATGGACAACAAACACCGAAACTGGAGCACCGCAACTCAACCCGATT 
GAT GGGCCACT GCCAGAAGACAAT GAACCAAGT GGTTAT GCCCAAACAGATT GT GTATT GGAGGCGAT GGCTTT CCT 
TGAGGAATCCCATCCTGGTATTTTTGAAAACTCGTGTATTGAAACGATGGAGGTTGTTCAGCAAACACGAGTAGACA 
AGCTGACACAAGGCCGACAGACCTATGACTGGACTCTAAATAGAAACCAACCTGCTGCAACAGCATTGGCCAACACA 
ATAGAAGT GTT CAGAT CAAAT GGCCT CACGGCCAAT GAGT CT GGAAGGCT CATAGACTT CCTTAAGGAT GTAAT GGA 

25 GTCAATGAACAAAGAAGAAATGGGGATCACAACTCATTTTCAGAGAAAGAGACGGGTGAGAGACAATATGACTAAGA 
AAATGATAACACAGAGAACAATGGGTAAAAAGAAGCAGAGATTGAACAAAAGGAGTTATCTAATTAGAGCATTGACC 
CT GAACACAAT GACCAAAGAT GCT GAGAGAGGGAAGCTAAAACGGAGAGCAATT GCAACCCCAGGGAT GCAAATAAG 
GGGGTTT GTATACTTT GTT GAGACACT GGCAAGGAGTATAT GT GAGAAACTT GAACAAT CAGGGTT GCCAGTT GGAG 
GCAAT GAGAAGAAAGCAAAGTTGGCAAATGTTGTAAGGAAGAT GAT GACCAATTCTCAGGACACCGAACTTTCTTTC 

30 ACCAT CACTGGAGATAACACCAAATGGAACGAAAAT CAGAATCCTCGGATGTTTTTGGCCAT GAT CACATATAT GAC 
CAGAAAT CAGCCCGAAT GGTT CAGAAAT GTT CTAAGTATT GCT CCAATAAT GTT CT CAAACAAAAT GGCGAGACT GG 
GAAAAGGGTATATGTTTGAGAGCAAGAGTATGAAACTTAGAACTCAAATACCTGCAGAAATGCTAGCAAGCATCGAT 
TTGAAATATTTCAATGATTCAACAAGAAAGAAGATTGAAAAAATCCGACCGCTCTTAATAGAGGGGACTGCATCATT 
GAGCCCT GGAAT GAT GAT GGGCAT GTT CAATAT GTTAAGCACT GTATTAGGCGT CT CCAT CCT GAAT CTT GGACAAA 

35 AGAGATACACCAAGACTACTTACTGGTGGGATGGTCTTCAATCCTCTGACGATTTTGCTCTGATTGTGAATGCACCC 
AAT CAT GAAGGGATTCAAGCCGGAGTCGACAGGTTTTATCGAACCTGTAAGCTACTTGGAAT CAATAT GAGCAAGAA 
AAAGT CTTACATAAACAGAACAGGTACATTT GAATT CACAAGTTTTTT CTAT CGTTAT GGGTTT GTT GCCAATTT CA 
GCAT GGAGCTT CCCAGTTTT GGGGT GT CT GGGAT CAACGAGT CAGCGGACAT GAGTATT GGAGTTACT GT CAT CAAA 
AACAATAT GATAAACAAT GAT CTT GGT CCAGCAACAGCT CAAAT GGCCCTT CAGTT GTT CAT CAAAGATTACAGGTA 

40 CACGTACCGAT GCCATAGAGGT GACACACAAATACAAACCCGAAGAT CATTT GAAATAAAGAAACT GT GGGAGCAAA 
CCCGTT CCAAAGCT GGACT GCT GGT CT CCGACGGAGGCCCAAATTTATACAACATTAGAAAT CT CCACATT CCT GAA 
GT CT GCCTAAAAT GGGAATT GAT GGAT GAGGATTACCAGGGGCGTTTAT GCAACCCACT GAACCCATTT GT CAGCCA 
TAAAGAAATT GAAT CAAT GAACAAT GCAGT GAT GAT GCCAGCACAT GGT CCAGCCAAAAACAT GGAGTAT GAT GCTG 
TTGCAACAACACACTCCTGGATCCCCAAAAGAAATCGATCCATCTTGAATACAAGTCAAAGAGGAGTACTTGAGGAT 

45 GAACAAATGTACCAAAGGTGCTGCAATTTATTTGAAAAATTCTTCCCCAGCAGTTCATACAGAAGACCAGTCGGGAT 
AT CCAGTAT GGT GGAGGCTAT GGTTT CCAGAGCCCGAATT GAT GCACGGATT GATTT CGAAT CT GGAAGGATAAAGA 
AAGAAGAGTT CACT GAGAT CAT GAAGAT CT GTT CCACCATT GAAGAGCT CAGACGGCAAAAATAGT GAATTTAGCTT 
GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 11 (PB2, PR8-X) 
50 AGCGAAAGCAGGTCAATTATATTCAATATGGAAAGAATAAAAGAACTAAGAAATCTAATGTCGCAGTCTCGCACCCG 

CGAGATACTCACAAAAACCACCGTGGACCATATGGCCATAATCAAGAAGTACACATCAGGAAGACAGGAGAAGAACC 
CAGCACTTAGGAT GAAAT GGAT GAT GGCAAT GAAATAT CCAATTACAGCAGACAAGAGGATAACGGAAAT GATT CCT 
GAGAGAAAT GAGCAAGGACAAACTTTAT GGAGTAAAAT GAAT GAT GCCGGAT CAGACCGAGT GAT GGTAT CACCT CT 
GGCT GT GACAT GGT GGAATAGGAAT GGACCAATAACAAATACAGTT CATTAT CCAAAAAT CTACAAAACTTATTTTG 

55 AAAGAGTAGAAAGGCTAAAGCAT GGAACCTTTGGCCCT GT CCATTTTAGAAACCAAGT CAAAATACGT CGGAGAGTT 
GACATAAAT CCT GGT CAT GCAGAT CT CAGT GCCAAGGAGGCACAGGAT GTAAT CAT GGAAGTT GTTTT CCCTAACGA 
AGTGGGAGCCAGGATACTAACATCGGAATCGCAACTAACGATAACCAAAGAGAAGAAAGAAGAACTCCAGGATTGCA 
AAATTT CT CCTTT GAT GGTT GCATACAT GTT GGAGAGAGAACT GGT CCGCAAAACGAGATT CCT CCCAGT GGCT GGT 
GGAACAAGCAGTGTGTACATTGAAGTGTTGCATTTGACTCAAGGAACATGCTGGGAACAGATGTATACTCCAGGAGG 
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C GAAAAG G GAATAAAT C CAAAT TAT C T T C T GT CAT G GAAG CAAGTAC T G G CAGAAC T G CAG GACAT T GAGAAT GAG G 
AGAAAAT T C CAAAGAC TAAAAATATGAAGAAAACAAGTCAGCTAAAGT GGGCACTT GGT GAGAACAT GGCACCAGAA 
AAGGTAGACTTTGACGACTGTAAAGATGTAGGTGATTTGAAGCAATATGATAGTGATGAACCAGAATTGAGGTCGCT 
T G CAAGT T G GAT T CAGAAT GAGT T TAACAAG GCAT G C GAAC T GACAGAT T CAAG C T G GATAGAG C T C GAT GAGAT T G 
GAGAAGAT GT G G C T C CAAT T GAACACAT T G CAAG CAT GAGAAG GAAT TAT T T CACAT CAGAG GT GT C T CAC T G CAGA 
G C CACAGAATACATAAT GAAG G G G GT GTACAT CAATAC TGCCTTGCT TAAT G CAT C T T GT G CAG CAAT G GAT GAT T T 
C CAAT TAAT T C CAAT GATAAG CAAGT GTAGAAC TAAG GAG G GAAG G C GAAAGAC CAAC T T GTAT G GT T T CAT CATAA 
AAGGAAGATCCCACTTAAGGAATGACACCGACGTGGTAAACTTTGTGAGCATGGAGTTTTCTCTCACTGACCCAAGA 
CTTGAACCACATAAATGGGAGAAGTACTGTGTTCTTGAGATAGGAGATATGCTTATAAGAAGTGCCATAGGCCAGGT 
TTCAAGGCCCATGTTCTTGTATGTGAGAACAAATGGAACCTCAAAAATTAAAATGAAATGGGGAATGGAGATGAGGC 
GTTGCCTCCTCCAGTCACTTCAACAAATTGAGAGTATGATTGAAGCTGAGTCCTCTGTCAAAGAGAAAGACATGACC 
AAAGAGTTCTTTGAGAACAAATCAGAAACATGGCCCATTGGAGAGTCCCCCAAAGGAGTGGAGGAAAGTTCCATTGG 
GAAG GT C T G CAG GAC T T TAT TAG CAAAGT C G GTAT T CAACAG C T T GTAT G CAT C T C CACAAC TAGAAG GAT T T T CAG 
CTGAATCAAGAAAACTGCTTCTTATCGTTCAGGCTCTTAGGGACAACCTTGAACCTGGGACCTTTGATCTTGGGGGG 
CTATATGAAGCAATTGAGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCT 
TACACATGCATTGAGTTAGTTGTGGCAGTGCTACTATTTGCTATCCATACTGTCCAAAAAAGTACCTTGTTTCTACT 

SEQ ID NO: 10 (PBl, PR8-X) 
AGCGAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACCTTACTTTTCTTAAAAGTGCCAACACAAAATGCTAT 
AAG CACAAC T T T C C C T TATAC T G GAGAC C C T C C T TACAG C CAT G G GACAG GAACAG GATACAC CAT G GATAC T GT CA 
ACAG GACACAT CAGTAC T CAGAAAAG G GAAGAT G GACAACAAACAC C GAAAC T G GAG CAC C G CAAC T CAAC C C GAT T 
GATGGGCCACTGCCAGAAGACAATGAACCAAGTGGTTATGCCCAAACAGATTGTGTATTGGAGGCGATGGCTTTCCT 
TGAGGAATCCCATCCTGGTATTTTTGAAAACTCGTGTATTGAAACGATGGAGGTTGTTCAGCAAACACGAGTAGACA 
AG C T GACACAAG G C C GACAGAC C TAT GAC T G GAC T C TAAATAGAAAC CAAC C T G C T G CAACAG CAT T G G C CAACACA 
ATAGAAGTGTTCAGATCAAATGGCCTCACGGCCAATGAGTCTGGAAGGCTCATAGACTTCCTTAAGGATGTAATGGA 
GT CAAT GAACAAAGAAGAAAT GGGGATCACAACT CATTTT CAGAGAAAGAGACGGGTGAGAGACAATAT GACTAAGA 
AAAT GATAACACAGAGAACAAT G G GTAAAAAGAAG CAGAGAT T GAACAAAAG GAGT TAT C TAAT TAGAG CAT T GAC C 
C T GAAC AC AAT GAC C AAAGAT G C T GAGAGAG GGAAG C T AAAAC G GAGAG CAAT T G C AAC C C C AG G GAT G C AAAT AAG 
GGGGTTTGTATACTTTGTTGAGACACTGGCAAGGAGTATATGTGAGAAACTTGAACAATCAGGGTTGCCAGTTGGAG 
G CAAT GAGAAGAAAG CAAAGT T G G CAAAT GT T GTAAG GAAGAT GAT GAC CAAT T C T CAG GACAC C GAAC TTTCTTTC 
AC CAT CAC T G GAGATAACAC CAAAT G GAAC GAAAAT CAGAAT C C T C G GAT GTTTTTGGC CAT GAT CACATATAT GAC 
CAGAAATCAGCCCGAATGGTTCAGAAATGTTCTAAGTATTGCTCCAATAATGTTCTCAAACAAAATGGCGAGACTGG 
GAAAAG G GTATAT GT T T GAGAG CAAGAGTAT GAAAC T TAGAAC T CAAATAC C T G CAGAAAT G C TAG CAAG CAT C GAT 
T T GAAATAT T T CAAT GAT T CAACAAGAAAGAAGAT T GAAAAAAT C C GAC C G C T C T TAATAGAG G G GAC T G CAT CAT T 
GAGCCCTGGAATGATGATGGGCATGTTCAATATGTTAAGCACTGTATTAGGCGTCTCCATCCTGAATCTTGGACAAA 
AGAGATACACCAAGACTACTTACTGGTGGGATGGTCTTCAATCCTCTGACGATTTTGCTCTGATTGTGAATGCACCC 
AAT CAT GAAGGGAT T CAAGC C GGAGT C GACAGGT T T TAT C GAAC CT GTAAGCTACT T GGAAT CAATAT GAGCAAGAA 
AAAGTCTTACATAAACAGAACAGGTACATTTGAATTCACAAGTTTTTTCTATCGTTATGGGTTTGTTGCCAATTTCA 
GCATGGAGCTTCCCAGTTTTGGGGTGTCTGGGATCAACGAGTCAGCGGACATGAGTATTGGAGTTACTGTCATCAAA 
AACAATAT GATAAACAAT GAT C T T G GT C CAG CAACAG C T CAAAT G G C C C T T CAGT T GT T CAT CAAAGAT TACAG GTA 
CAC GTAC C GAT G C CATAGAG GT GACACACAAATACAAAC C C GAAGAT CAT T T GAAATAAAGAAAC T GT G G GAG CAAA 
CCCGTTCCAAAGCTGGACTGCTGGTCTCCGACGGAGGCCCAAATTTATACAACATTAGAAATCTCCACATTCCTGAA 
GTCTGCCTAAAATGGGAATTGATGGATGAGGATTACCAGGGGCGTTTATGCAACCCACTGAACCCATTTGTCAGCCA 
TAAAGAAATT GAAT CAAT GAACAAT GCAGT GAT GAT G C C AG C AC AT G GT C C AG C C AAAAAC AT G GAGT AT GAT GCT G 
T T G CAACAACACAC T C C T G GAT C C C CAAAAGAAAT C GAT C CAT C T T GAATACAAGT CAAAGAG GAGTAC T T GAG GAT 
GAACAAAT GTAC CAAAGGT GCT GCAAT T TAT TT GAAAAAT T CT T C C C CAGCAGT T CATACAGAAGAC CAGT C GGGAT 
ATCCAGTATGGTGGAGGCTATGGTTTCCAGAGCCCGAATTGATGCACGGATTGATTTCGAATCTGGAAGGATAAAGA 
AAGAAGAGT T CAC T GAGAT CAT GAAGAT C T GT T C CAC CAT T GAAGAG C T CAGAC G G CAAAAATAGT GAAT T TAG C T T 
GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 11 (PB2, PR8-X) 
AG C GAAAG CAG GT CAAT TATAT T CAATAT G GAAAGAATAAAAGAAC TAAGAAAT C TAAT GT C G CAGT C T C G CAC C C G 
C GAGATAC T CACAAAAAC CAC C GT G GAC CATAT G G C CATAAT CAAGAAGTACACAT CAG GAAGACAG GAGAAGAAC C 
CAG CAC T TAG GAT GAAAT G GAT GAT G G CAAT GAAATAT C CAAT TACAG CAGACAAGAG GATAAC G GAAAT GAT T C C T 
GAGAGAAAT GAG CAAG GACAAAC T T TAT G GAGTAAAAT GAAT GAT G C C G GAT CAGAC C GAGT GAT G GTAT CAC C T C T 
G G C T GT GACAT G GT G GAATAG GAAT G GAC CAATAACAAATACAGT T CAT TAT C CAAAAAT C TACAAAAC T TAT T T T G 
AAAGAGTAGAAAGGCTAAAGCATGGAACCTTTGGCCCTGTCCATTTTAGAAACCAAGTCAAAATACGTCGGAGAGTT 
GACATAAATCCTGGTCATGCAGATCTCAGTGCCAAGGAGGCACAGGATGTAATCATGGAAGTTGTTTTCCCTAACGA 
AGT G G GAG C CAG GATAC TAACAT C G GAAT C G CAAC TAAC GATAAC CAAAGAGAAGAAAGAAGAAC T C CAG GAT T G CA 
AAATTTCTCCTTTGATGGTTGCATACATGTTGGAGAGAGAACTGGTCCGCAAAACGAGATTCCTCCCAGTGGCTGGT 
GGAACAAGCAGTGTGTACATTGAAGTGTTGCATTTGACTCAAGGAACATGCTGGGAACAGATGTATACTCCAGGAGG 
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GGAAGT GAGGAAT GAT GAT GTT GAT CAAAGCTT GATTATT GCT GCTAGGAACATAGT GAGAAGAGCT GCAGTAT CAG 
CAGAT CCACTAGCAT CTTTATT GGAGAT GT GCCACAGCACACAGATT GGT GGAATTAGGAT GGTAGACAT CCTTAGG 
CAGAACCCAACAGAAGAGCAAGCCGT GGATATAT GCAAGGCT GCAAT GGGACT GAGAATTAGCT CAT CCTT CAGTTT 
TGGTGGATTCACATTTAAGAGAACAAGCGGATCATCAGTCAAGAGAGAGGAAGAGGTGCTTACGGGAAATCTTCAAA 

5 CATTGAAGATAAGAGTGCATGAGGGATATGAAGAGTTCACAATGGTTGGGAGAAGAGCAACAGCCATACTCAGAAAA 
GCAACCAGGAGATT GATT CAGCT GATAGT GAGT GGGAGAGACGAACAGT CGATT GCCGAAGCAATAATT GT GGCCAT 
GGTATTTT CACAAGAGGATT GTAT GATAAAAGCAGT CAGAGGT GAT CT GAATTT CGT CAATAGGGCGAAT CAGCGAT 
TGAATCCTATGCATCAACTTTTAAGACATTTTCAGAAGGATGCGAGAGTGCTTTTTCAAAATTGGGGAGTTGAACCT 
AT CGACAAT GT GAT GGGAAT GATT GGGATATTGCCCGACAT GACT CCAAGCAT CGAGAT GT CAAT GAGAGGAGT GAG 

10 AATCAGCAAAATGGGTGTAGATGAGTACTCCAGCACGGAGAGGGTAGTGGTGAGCATTGACCGTTTTTTGAGAATCC 
GGGACCAACGAGGAAAT GTACTACT GT CT CCCGAGGAGGT CAGT GAAACACAGGGAACAGAGAAACT GACAATAACT 
TACT CAT CGT CAAT GAT GT GGGAGATTAAT GGT CCT GAAT CAGTATT GGT CAATACCTAT CAAT GGAT CAT CAGAAA 
CT GGGAAACT GTTAAAATT CAGT GGT CCCAGAACCCTACAAT GCTATACAATAAAAT GGAATTT GAACCATTT CAGT 
CTTTAGTACCTAAGGCCATTAGAGGCCAATACAGT GGGTTT GTAAGAACT CT GTT CCAACAAAT GAGGGAT GT GCTT 

15 GGGACATTTGATACCGCACAGATAATAAAACTTCTTCCCTTCGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAGTT 
CT CCT CATTTACT GT GAAT GT GAGGGGAT CAGGAAT GAGAATACTT GTAAGGGGCAATT CT CCT GTATT CAACTATA 
ACAAGGCCACGAAGAGACT CACAGTT CT CGGAAAGGAT GCT GGCACTTTAACT GAAGACCCAGAT GAAGGCACAGCT 
GGAGT GGAGT CCGCT GTT CT GAGGGGATT CCTCATT CT GGGCAAAGAAGACAAGAGATAT GGGCCAGCACTAAGCAT 
CAAT GAACT GAGCAACCTT GCGAAAGGAGAGAAGGCTAAT GT GCTAATT GGGCAAGGAGACGT GGT GTT GGTAAT GA 

20 AACGGAAACGGGACT CTAGCATACTTACT GACAGCCAGACAGCGACCAAAAGAATT CGGAT GGCCAT CAATTAGT GT 
CGAATAGTTTAAAAACGACCTTGTTTCTACT 

SEQ ID NO: 12 (NP, PR8-X) 
AGCAAAAGCAGGGTAGATAAT CACT CACT GAGT GACAT CAAAAT CAT GGCGT CT CAAGGCACCAAACGAT CTTACGA 
ACAGAT GGAGACT GAT GGAGAACGCCAGAAT GCCACT GAAAT CAGAGCAT CCGT CGGAAAAAT GATT GGT GGAATTG 

25 GACGATT CTACAT CCAAAT GT GCACCGAACT CAAACT CAGT GATTAT GAGGGACGGTT GAT CCAAAACAGCTTAACA 
ATAGAGAGAAT GGT GCT CT CT GCTTTT GACGAAAGGAGAAATAAATACCTT GAAGAACAT CCCAGT GCGGGAAAAGA 
TCCTAAGAAAACTGGAGGACCTATATACAGGAGAGTAAACGGAAAGTGGATGAGAGAACTCATCCTTTATGACAAAG 
AAGAAATAAGGCGAAT CT GGCGCCAAGCTAATAAT GGT GACGAT GCAACGGCT GGT CT GACT CACAT GAT GAT CT GG 
CATT CCAATTT GAAT GAT GCAACTTAT CAGAGGACAAGAGCT CTT GTT CGCACCGGAAT GGAT CCCAGGAT GT GCT C 

30 TCTGATGCAAGGTTCAACTCTCCCTAGGAGGTCTGGAGCCGCAGGTGCTGCAGTCAAAGGAGTTGGAACAATGGTGA 
T GGAATT GGT CAGAAT GAT CAAACGT GGGAT CAAT GAT CGGAACTT CT GGAGGGGT GAGAAT GGACGAAAAACAAGA 
ATTGCTTATGAAAGAATGTGCAACATTCTCAAAGGGAAATTTCAAACTGCTGCACAAAAAGCAATGATGGATCAAGT 
GAGAGAGAGCCGGAACCCAGGGAAT GCT GAGTT CGAAGAT CT CACTTTT CTAGCACGGT CT GCACT CATATT GAGAG 
GGTCGGTTGCTCACAAGTCCTGCCTGCCTGCCTGTGTGTATGGACCTGCCGTAGCCAGTGGGTACGACTTTGAAAGG 

35 GAGGGATACTCTCTAGTCGGAATAGACCCTTTCAGACTGCTTCAAAACAGCCAAGTGTACAGCCTAATCAGACCAAA 
T GAGAAT CCAGCACACAAGAGT CAACT GGT GTGGAT GGCAT GCCATT CT GCCGCATTT GAAGAT CTAAGAGTATTAA 
GCTT CAT CAAAGGGACGAAGGT GCT CCCAAGAGGGAAGCTTT CCACTAGAGGAGTT CAAATT GCTT CCAAT GAAAAT 
ATGGAGACTATGGAATCAAGTACACTTGAACTGAGAAGCAGGTACTGGGCCATAAGGACCAGAAGTGGAGGAAACAC 
CAAT CAACAGAGGGCAT CT GCGGGCCAAAT CAGCATACAACCTACGTT CT CAGTACAGAGAAAT CT CCCTTTT GACA 

40 GAACAACCATTAT GGCAGCATT CAAT GGGAATACAGAGGGGAGAACAT CT GACAT GAGGACCGAAAT CATAAGGAT G 
AT GGAAAGT GCAAGACCAGAAGAT GT GT CTTTCCAGGGGCGGGGAGT CTT CGAGCT CT CGGACGAAAAGGCAGCGAG 
CCCGATCGTGCCTTCCTTTGACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTACGACAATT 
AAAGAAAAATACCCTTGTTTCTACT 

SEQ ID NO: 13 (M, PR8-X) 
45 AGCAAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAGGTCGAAACGTACGTACTCTCTATCATCCCGTCAG 

GCCCCCT CAAAGCCGAGAT CGCACAGAGACTTGAAGAT GT CTTT GCAGGGAAGAACACCGAT CTT GAGGTT CT CAT G 
GAAT GGCTAAAGACAAGACCAAT CCT GT CACCT CT GACTAAGGGGATTTTAGGATTT GT GTT CACGCT CACCGT GCC 
CAGT GAGCGAGGACT GCAGCGTAGACGCTTT GT CCAAAAT GCCCTTAAT GGGAACGGGGAT CCAAATAACAT GGACA 
AAGCAGTTAAACT GTATAGGAAGCT CAAGAGGGAGATAACATT CCAT GGGGCCAAAGAAAT CT CACT CAGTTATT CT 

50 GCTGGTGCACTTGCCAGTTGTATGGGCCTCATATACAACAGGATGGGGGCTGTGACCACTGAAGTGGCATTTGGCCT 
GGTAT GT GCAACCT GT GAACAGATT GCT GACTCCCAGCAT CGGT CT CATAGGCAAAT GGT GACAACAACCAAT CCAC 
TAAT CAGACAT GAGAACAGAAT GGTTTTAGCCAGCACTACAGCTAAGGCTAT GGAGCAAAT GGCT GGAT CGAGT GAG 
CAAGCAGCAGAGGCCAT GGAGGTT GCTAGT CAGGCTAGACAAAT GGT GCAAGCGAT GAGAACCATT GGGACT CAT CC 
TAGCT CCAGT GCT GGT CT GAAAAAT GAT CTT CTT GAAAATTT GCAGGCCTAT CAGAAACGAAT GGGGGT GCAGAT GC 

55 AACGGTTCAAGTGATCCTCTCACTATTGCCGCAAATATCATTGGGATCTTGCACTTGACATTGTGGATTCTTGATCG 
TCTTTTTTTCAAATGCATTTACCGTCGCTTTAAATACGGACTGAAAGGAGGGCCTTCTACGGAAGGAGTGCCAAAGT 
CTAT GAGGGAAGAATAT CGAAAGGAACAGCAGAGT GCT GT GGAT GCT GACGAT GGT CATTTT GT CAGCATAGAGCTG 
GAGTAAAAAACTACCTTGTTTCTACT 
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GGAAGT GAGGAATGAT GAT GTT GAT CAAAGCTT GATTATTGCTGCTAGGAACATAGTGAGAAGAGCT GCAGTATCAG 
CAGAT C CAC TAG CAT C T T TAT T G GAGAT GT G C CACAG CACACAGAT T G GT G GAAT TAG GAT G GTAGACAT C C T TAG G 
CAGAAC C CAACAGAAGAG CAAG C C GT G GATATAT G CAAG G C T G CAAT G G GAC T GAGAAT TAG C T CAT C C T T CAGT T T 
T G GT G GAT T CACAT T TAAGAGAACAAG C G GAT CAT CAGT CAAGAGAGAG GAAGAG GT GCTTACGG GAAAT C T T CAAA 
CATT GAAGATAAGAGT GCAT GAGGGATAT GAAGAGT T CACAAT G GT T G G GAGAAGAG CAACAG C CATAC T CAGAAAA 
G CAAC CAG GAGAT T GAT T CAG C T GATAGT GAGT G G GAGAGAC GAACAGT C GAT T G C C GAAG CAATAAT T GT G G C CAT 
GGTATTTTCACAAGAGGATTGTATGATAAAAGCAGTCAGAGGTGATCTGAATTTCGTCAATAGGGCGAATCAGCGAT 
TGAATCCTATGCATCAACTTTTAAGACATTTTCAGAAGGATGCGAGAGTGCTTTTTCAAAATTGGGGAGTTGAACCT 
AT C GACAAT GT GAT G G GAAT GAT T G G GATAT T G C C C GACAT GAC T C CAAG CAT C GAGAT GT CAAT GAGAG GAGT GAG 
AATCAGCAAAATGGGTGTAGATGAGTACTCCAGCACGGAGAGGGTAGTGGTGAGCATTGACCGTTTTTTGAGAATCC 
G G GAC CAAC GAG GAAAT GTACTACTGTCTCCC GAG GAG GT CAGT GAAACACAG G GAACAGAGAAAC T GACAATAAC T 
TACT CAT C GT CAAT GAT GT G G GAGAT T AAT G GT C C T GAAT C AGT AT T G GT CAAT AC C TAT CAAT G GAT CAT C AGAAA 
C T G G GAAAC T GT TAAAAT T CAGT G GT C C CAGAAC C C TACAAT G C TATACAATAAAAT G GAAT T T GAAC CAT T T CAGT 
CTTTAGTACCTAAGGCCATTAGAGGCCAATACAGTGGGTTTGTAAGAACTCTGTTCCAACAAATGAGGGATGTGCTT 
GGGACATTTGATACCGCACAGATAATAAAACTTCTTCCCTTCGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAGTT 
CTCCTCATTTACTGTGAATGTGAGGGGATCAGGAATGAGAATACTTGTAAGGGGCAATTCTCCTGTATTCAACTATA 
ACAAGGC CAC GAAGAGACT CACAGT T CT C GGAAAGGAT GCT GGCACT T TAACT GAAGAC C CAGAT GAAGGCACAGCT 
GGAGTGGAGTCCGCTGTTCTGAGGGGATTCCTCATTCTGGGCAAAGAAGACAAGAGATATGGGCCAGCACTAAGCAT 
CAATGAACTGAGCAACCTTGCGAAAGGAGAGAAGGCTAATGTGCTAATTGGGCAAGGAGACGTGGTGTTGGTAATGA 
AAC G GAAAC G G GAC T C TAG CATAC T TAC T GACAG C CAGACAG C GAC CAAAAGAAT T C G GAT G G C CAT CAAT TAGT GT 
CGAATAGTTTAAAAACGACCTTGTTTCTACT 

SEQ ID NO: 12 (NP, PR8-X) 
AG CAAAAG CAG G GTAGATAAT CAC T CAC T GAGT GACAT CAAAAT CAT G G C GT C T CAAG G CAC CAAAC GAT C T TAC GA 
ACAGAT G GAGAC T GAT G GAGAAC G C CAGAAT GC CAC T GAAAT CAGAG CAT C C GT C G GAAAAAT GAT T G GT G GAAT T G 
GAC GAT T C TACAT C CAAAT GT G CAC C GAAC T CAAAC T CAGT GAT TAT GAG G GAC G GT T GAT C CAAAACAG C T TAACA 
ATAGAGAGAAT GGTGCTCTCTGCTTTT GAC GAAAG GAGAAATAAATAC C T T GAAGAACAT C C CAGT G C G G GAAAAGA 
T C C TAAGAAAAC T G GAG GAC C TATATACAG GAGAGTAAAC G GAAAGT G GAT GAGAGAAC T CAT C C T T TAT GACAAAG 
AAGAAATAAGGCGAATCTGGCGCCAAGCTAATAATGGTGACGATGCAACGGCTGGTCTGACTCACATGATGATCTGG 
CATTCCAATTTGAATGATGCAACTTATCAGAGGACAAGAGCTCTTGTTCGCACCGGAATGGATCCCAGGATGTGCTC 
TCTGATGCAAGGTTCAACTCTCCCTAGGAGGTCTGGAGCCGCAGGTGCTGCAGTCAAAGGAGTTGGAACAATGGTGA 
T G GAAT T G GT CAGAAT GAT CAAAC GT G G GAT CAAT GAT C G GAAC T T C T G GAG G G GT GAGAAT G GAC GAAAAACAAGA 
AT T GCT TAT GAAAGAAT GT GCAACAT T CT CAAAGGGAAAT T T CAAACT GCT GCACAAAAAGCAAT GAT GGAT CAAGT 
GAGAGAGAG C C G GAAC C CAG G GAAT G C T GAGT T C GAAGAT C T CAC TTTTCTAG CAC G GT C T G CAC T CATAT T GAGAG 
GGTCGGTTGCTCACAAGTCCTGCCTGCCTGCCTGTGTGTATGGACCTGCCGTAGCCAGTGGGTACGACTTTGAAAGG 
GAG G GATAC TCTCTAGTCG GAATAGAC C C T T T CAGAC T G C T T CAAAACAG C CAAGT GTACAG C C TAAT CAGAC CAAA 
T GAGAAT C CAGCACACAAGAGT CAACT GGT GT GGAT GGCAT GC CAT T CT GC C GCAT T T GAAGAT CTAAGAGTAT TAA 
GCTTCATCAAAGGGACGAAGGTGCTCCCAAGAGGGAAGCTTTCCACTAGAGGAGTTCAAATTGCTTCCAATGAAAAT 
AT G GAGAC TAT G GAAT C AAGT AC AC T T GAAC T GAGAAG C AG GT AC T G G G C CAT AAG GAC C AGAAGT G GAG GAAAC AC 
CAAT CAACAGAG G G CAT CTGCGGGC CAAAT CAG CATACAAC CTACGTTCT CAGTACAGAGAAAT CTCCCTTTT GACA 
GAACAAC CAT TAT G G CAG CAT T CAAT G G GAATACAGAG G G GAGAACAT C T GACAT GAG GAC C GAAAT CATAAG GAT G 
ATGGAAAGTGCAAGACCAGAAGATGTGTCTTTCCAGGGGCGGGGAGTCTTCGAGCTCTCGGACGAAAAGGCAGCGAG 
CCCGATCGTGCCTTCCTTTGACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTACGACAATT 
AAAGAAAAATACCCTTGTTTCTACT 

SEQ ID NO: 13 (M, PR8-X) 
AGCAAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAGGTCGAAACGTACGTACTCTCTATCATCCCGTCAG 
GCCCCCTCAAAGCCGAGATCGCACAGAGACTTGAAGATGTCTTTGCAGGGAAGAACACCGATCTTGAGGTTCTCATG 
GAATGGCTAAAGACAAGACCAATCCTGTCACCTCTGACTAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCC 
CAGTGAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTTAATGGGAACGGGGATCCAAATAACATGGACA 
AAG CAGT TAAAC T GTATAG GAAG C T CAAGAG GGAGATAACAT T C CAT G G G G C CAAAGAAAT C T CAC T CAGT TAT T C T 
GCTGGTGCACTTGCCAGTTGTATGGGCCTCATATACAACAGGATGGGGGCTGTGACCACTGAAGTGGCATTTGGCCT 
GGTATGTGCAACCTGTGAACAGATTGCTGACTCCCAGCATCGGTCTCATAGGCAAATGGTGACAACAACCAATCCAC 
TAAT CAGACAT GAGAACAGAAT GGTTTTAGCCAGCACTACAGCTAAGGCTAT GGAGCAAAT GGCT GGAT CGAGT GAG 
CAAG CAG CAGAG G C CAT G GAG GT T G C TAGT CAG G C TAGACAAAT G GT G CAAG C GAT GAGAAC CAT T G G GAC T CAT C C 
TAGCTCCAGTGCTGGTCTGAAAAATGATCTTCTTGAAAATTTGCAGGCCTATCAGAAACGAATGGGGGTGCAGATGC 
AACGGTTCAAGTGATCCTCTCACTATTGCCGCAAATATCATTGGGATCTTGCACTTGACATTGTGGATTCTTGATCG 
TCTTTTTTTCAAATGCATTTACCGTCGCTTTAAATACGGACTGAAAGGAGGGCCTTCTACGGAAGGAGTGCCAAAGT 
C TAT GAG G GAAGAATAT C GAAAG GAACAG CAGAGT G C T GT G GAT G C T GAC GAT G GT CAT T T T GT CAG CATAGAG C T G 
GAGTAAAAAACTACCTTGTTTCTACT 
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SEQ ID NO: 14 (NS, PR8-X) 
AGCAAAAGCAGGGT GACAAAAACATAAT GGATCCAAACACT GT GT CAAGCTTT CAGGTAGATT GCTTT CTTT GGCAT 
GT CCGCAAACGAGTT GCAGACCAAGAACTAGGT GAT GCCCCATT CCTT GAT CGGCTT CGCCGAGAT CAGAAAT CCCT 
AAGAGGAAGGGGCAGTACTCTCGGTCTGGACATCAAGACAGCCACACGTGCTGGAAAGCAGATAGTGGAGCGGATTC 

5 TGAAAGAAGAATCCGATGAGGCACTTAAAATGACCATGGCCTCTGTACCTGCGTCGCGTTACCTAACTGACATGACT 
CTT GAGGAAAT GT CAAGGGACT GGT CCAT GCTCATACCCAAGCAGAAAGT GGCAGGCCCT CTTT GTAT CAGAAT GGA 
CCAGGCGAT CAT GGATAAGAACAT CATACT GAAAGCGAACTT CAGT GT GATTTTT GACCGGCT GGAGACT CTAATAT 
TGCTAAGGGCTTTCACCGAAGAGGGAGCAATTGTTGGCGAAATTTCACCATTGCCTTCTCTTCCAGGACATACTGCT 
GAGGATGTCAAAAATGCAGTTGGAGTCCTCATCGGAGGACTTGAATGGAATGATAACACAGTTCGAGTCTCTGAAAC 

10 TCTACAGAGATTCGCTTGGAGAAGCAGTAATGAGAATGGGAGACCTCCACTCACTCCAAAACAGAAACGAGAAATGG 
CGGGAACAATTAGGT CAGAAGTTT GAAGAAATAAGAT GGTT GATT GAAGAAGT GAGACACAAACT GAAGATAACAGA 
GAATAGTTTTGAGCAAATAACATTTATGCAAGCCTTACATCTATTGCTTGAAGTGGAGCAAGAGATAAGAACTTTCT 
CGTTTCAGCTTATTTAGTACTAAAAAACACCCTTGTTTCTACT 

SEQ ID NO: 15 (HA, PR8-X) 
15 AGCAAAAGCAGGGGAAAATAAAAACAACCAAAAT GAAGGCAAACCTACT GGT CCT GTTAT GT GCACTT GCAGCT GCA 

GAT GCAGACACAATAT GTATAGGCTACCATACGAACAATT CAACCGACACT GTT GACACAGTACT CGAGAAGAAT GT 
GACAGTGACACACTCTGTTAACCTGCTCGAAGACAGCCACAACGGAAAACTATGTAGATTAAAAGGAATAGCCCCAC 
TACAATT GGGGAAAT GTAACAT CGCCGGAT GGCT CTT GGGAAACCCAGAAT GCGACCCACT GCTT CCAGT GAGAT CA 
T GGT CCTACATT GTAGAAACACCAAACT CT GAGAAT GGAATAT GTTAT CCAGGAGATTT CAT CGACTAT GAGGAGCT 

20 GAGGGAGCAATTGAGCTCAGTGTCATCATTCGAAAGATTCGAAATATTTCCCAAAGAAAGCTCATGGCCCAACCACA 
ACACAAACGGAGTAACGGCAGCATGCTCCCATGAGGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTGACGGAG 
AAGGAGGGCT CATACCCAAAGCT GAAAAATT CTTAT GT GAACAAAAAAGGGAAAGAAGT CCTT GTACT GT GGGGTAT 
T CAT CACCCGCCTAACAGTAAGGAACAACAGAATCTCTAT CAGAAT GAAAATGCTTATGTCTCTGTAGTGACTTCAA 
ATTATAACAGGAGATTTACCCCGGAAATAGCAGAAAGACCCAAAGTAAGAGATCAAGCTGGGAGGATGAACTATTAC 

25 TGGACCTTGCTAAAACCCGGAGACACAATAATATTTGAGGCAAATGGAAATCTAATAGCACCAATGTATGCTTTCGC 
ACT GAGTAGAGGCTTT GGGT CCGGCAT CAT CACCT CAAACGCAT CAAT GCAT GAGT GTAACACGAAGT GT CAAACAC 
CCCTGGGAGCTATAAACAGCAGTCTCCCTTACCAGAATATACACCCAGTCACAATAGGAGAGTGCCCAAAATACGTC 
AGGAGTGCCAAATTGAGGATGGTTACAGGACTAAGGAACATTCCGTCCATTCAATCCAGAGGTCTATTTGGAGCCAT 
T GCCGGTTTTATT GAAGGGGGAT GGACT GGAAT GATAGAT GGAT GGTAT GGTTAT CAT CAT CAGAAT GAACAGGGAT 

30 CAGGCTATGCAGCGGATCAAAAAAGCACACAAAATGCCATTAACGGGATTACAAACAAGGTGAACACTGTTATCGAG 
AAAAT GAACATT CAATT CACAGCT GT GGGTAAAGAATT CAACAAATTAGAAAAAAGGAT GGAAAATTTAAATAAAAA 
AGTTGATGATGGATTTCTGGACATTTGGACATATAATGCAGAATTGTTAGTTCTACTGGAAAATGAAAGGACTCTGG 
AATT C CAT GACT CAAAT GT GAAGAAT CT GTATGAGAAAGTAAAAAGCCAATTAAAGAATAAT GC CAAAGAAAT CGGA 
AATGGATGTTTTGAGTTCTACCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATGATTATCC 

35 CAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTAGATGGAGTGAAATTGGAATCAATGGGGATCTATCAGA 
TTCTGGCGATCTACTCAACTGTCGCCAGTTCACTGGTGCTTTTGGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGT 
TCTAATGGATCTTTGCAGTGCAGAATATGCATCTGAGATTAGAATTTCAGAGATATGAGGAAAAACACCCTTGTTTC 
TACT 

SEQ ID NO: 16 (NA, PR8-X) 
40 AGCAAAAGCAGGGGTTTAAAAT GAAT CCAAATCAGAAAATAATAACCATT GGAT CAAT CT GT CT GGTAGT CGGACTA 

ATTAGCCTAATATTGCAAATAGGGAATATAATCTCAATATGGATTAGCCATTCAATTCAAACTGGAAGTCAAAACCA 
TACTGGAATATGCAACCAAAACATCATTACCTATAAAAATAGCACCTGGGTAAAGGACACAACTTCAGTGATATTAA 
CCGGCAATTCATCTCTTTGTCCCATCCGTGGGTGGGCTATATACAGCAAAGACAATAGCATAAGAATTGGTTCCAAA 
GGAGACGTTTTT GT CATAAGAGAGCCCTTTATTT CAT GTT CT CACTT GGAAT GCAGGACCTTTTTT CT GACCCAAGG 

45 TGCCTTACTGAATGACAAGCATTCAAGTGGGACTGTTAAGGACAGAAGCCCTTATAGGGCCTTAATGAGCTGCCCTG 
TCGGTGAAGCTCCGTCCCCGTACAATTCAAGATTTGAATCGGTTGCTTGGTCAGCAAGTGCATGTCATGATGGCATG 
GGCT GGCTAACAAT CGGAATTT CAGGT CCAGATAAT GGAGCAGT GGCT GTATTAAAATACAACGGCATAATAACT GA 
AACCATAAAAAGTT GGAGGAAGAAAATATT GAGGACACAAGAGT CT GAAT GT GCCT GT GTAAAT GGTT CAT GTTTTA 
CTATAAT GACT GAT GGCCCGAGT GAT GGGCT GGCCT CGTACAAAATTTT CAAGAT CGAAAAGGGGAAGGTTACTAAA 

50 T CAATAGAGTT GAAT GCACCTAATT CT CACTAT GAGGAAT GTT CCT GTTACCCT GATACCGACAAAGT GAT GT GT GT 
GT GCAGAGACAATT GGCAT GGTT CGAACCGGCCAT GGGT GT CTTT CGAT CAAAACCT GGATTAT CAAATAGGATACA 
TCTGCAGTGGGGTTTTCGGTGACAACCCGCGTCCCGAAGATGGAACAGGCAGCTGTGGTCCAGTGTATGTTGATGGA 
GCAAACGGAGTAAAGGGATTTTCATATAGGTATGGTAATGGTGTTTGGATAGGAAGGACCAAAAGTCACAGTTCCAG 
ACAT GGGTTT GAGAT GATTT GGGAT CCTAAT GGAT GGACAGAGACT GATAGTAAGTT CT CT GT GAGGCAAGAT GTT G 

55 T GGCAAT GACT GATT GGT CAGGGTATAGCGGAAGTTT CGTT CAACAT CCT GAGCT GACAGGGCTAGACT GTAT GAGG 
CCGT GCTT CT GGGTT GAATTAAT CAGGGGACGACCTAAAGAAAAAACAAT CT GGACTAGT GCGAGCAGCATTT CTTT 
TT GT GGCGT GAATAGT GATACT GTAGATT GGTCTT GGCCAGACGGT GCT GAGTT GCCATT CAGCATT GACAAGTAGT 
CTGTTCAAAAAACTCCTTGTTTCTACT 
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SEQ ID NO: 14 (NS, PR8-X) 
AGCAAAAGCAGGGTGACAAAAACATAATGGATCCAAACACTGTGTCAAGCTTTCAGGTAGATTGCTTTCTTTGGCAT 
GTCCGCAAACGAGTTGCAGACCAAGAACTAGGTGATGCCCCATTCCTTGATCGGCTTCGCCGAGATCAGAAATCCCT 
AAGAG GAAG G G G CAGTAC TCTCGGTCTG GACAT CAAGACAG C CACAC GT G C T G GAAAG CAGATAGT G GAG C G GAT T C 
TGAAAGAAGAATCCGATGAGGCACTTAAAATGACCATGGCCTCTGTACCTGCGTCGCGTTACCTAACTGACATGACT 
CTTGAGGAAATGTCAAGGGACTGGTCCATGCTCATACCCAAGCAGAAAGTGGCAGGCCCTCTTTGTATCAGAATGGA 
C CAGGC GAT CAT GGATAAGAACAT CATACT GAAAGC GAACT T CAGT GT GAT T T T T GAC C GGCT GGAGACT CTAATAT 
TGCTAAGGGCTTTCACCGAAGAGGGAGCAATTGTTGGCGAAATTTCACCATTGCCTTCTCTTCCAGGACATACTGCT 
GAGGATGTCAAAAATGCAGTTGGAGTCCTCATCGGAGGACTTGAATGGAATGATAACACAGTTCGAGTCTCTGAAAC 
T CTACAGAGAT T C GCT T GGAGAAGCAGTAAT GAGAAT GGGAGAC CT C CACT CACT C CAAAACAGAAAC GAGAAAT GG 
C G G GAACAAT TAG GT CAGAAGT T T GAAGAAATAAGAT G GT T GAT T GAAGAAGT GAGACACAAAC T GAAGATAACAGA 
GAATAGT T T T GAG CAAATAACAT T TAT G CAAGC C T TACAT C TAT T G C T T GAAGT G GAG CAAGAGATAAGAAC T T T C T 
CGTTTCAGCTTATTTAGTACTAAAAAACACCCTTGTTTCTACT 

SEQ ID NO: 15 (HA, PR8-X) 
AGCAAAAGCAGGGGAAAATAAAAACAACCAAAATGAAGGCAAACCTACTGGTCCTGTTATGTGCACTTGCAGCTGCA 
GAT G CAGACACAATAT GTATAG G C TAC CATAC GAACAAT T CAAC C GACAC T GT T GACACAGTAC T C GAGAAGAAT GT 
GACAGT GACACACT CT GT TAAC CT GCT C GAAGACAGC CACAAC GGAAAACTAT GTAGAT TAAAAGGAATAGC C C CAC 
TACAATTGGGGAAATGTAACATCGCCGGATGGCTCTTGGGAAACCCAGAATGCGACCCACTGCTTCCAGTGAGATCA 
T G GT C C TACAT T GTAGAAACAC CAAAC T C T GAGAAT G GAATAT GT TAT C CAG GAGAT T T CAT C GAC TAT GAG GAG C T 
GAG G GAG CAAT T GAG C T CAGT GT CAT CAT T C GAAAGAT T C GAAATAT T T C C CAAAGAAAG C T CAT G G C C CAAC CACA 
ACACAAAC G GAGTAAC G G CAG CAT G C T C C CAT GAG G G GAAAAG CAGT T T T TACAGAAAT T T G C TAT G G C T GAC G GAG 
AAGGAGGGCTCATACCCAAAGCTGAAAAATTCTTATGTGAACAAAAAAGGGAAAGAAGTCCTTGTACTGTGGGGTAT 
T CAT CAC C C G C C TAACAGTAAG GAACAACAGAAT C T C TAT CAGAAT GAAAAT G C T TAT GTCTCTGTAGT GAC T T CAA 
AT TAT AAC AG GAGAT TTACCCCG GAAAT AG C AGAAAGAC C C AAAGT AAGAGAT C AAG C T G G GAG GAT GAAC TAT T AC 
T G GAC C T T G C TAAAAC C C G GAGACACAATAATAT T T GAG G CAAAT G GAAAT C TAATAG CAC CAAT GTAT GCTTTCGC 
ACTGAGTAGAGGCTTTGGGTCCGGCATCATCACCTCAAACGCATCAATGCATGAGTGTAACACGAAGTGTCAAACAC 
C C C T G G GAG C TATAAACAG CAGT CTCCCTTAC CAGAATATACAC C CAGT CACAATAG GAGAGT G C C CAAAATAC GT C 
AG GAGT G C CAAAT T GAG GAT G GT TACAG GAC TAAG GAACAT T C C GT C CAT T CAAT C CAGAG GT C TAT T T G GAG C CAT 
TGCCGGTTT TAT T GAAG G G G GAT G GAC T G GAAT GATAGAT G GAT G GTAT G GT TAT CAT CAT CAGAAT GAACAG G GAT 
CAG G C TAT G CAG C G GAT CAAAAAAG CACACAAAAT G C CAT TAAC G G GAT TACAAACAAG GT GAACAC T GT TAT C GAG 
AAAAT GAACAT T CAAT T CACAGCT GT GGGTAAAGAAT T CAACAAAT TAGAAAAAAGGAT GGAAAAT T TAAATAAAAA 
AGT T GAT GAT G GAT T T C T G GACAT T T G GACATATAAT G CAGAAT TGTTAGTTCTACTG GAAAAT GAAAG GAC T C T G G 
AAT T C CAT GACT CAAAT GT GAAGAAT CT GTAT GAGAAAGTAAAAAGC CAAT TAAAGAATAAT GC CAAAGAAAT C GGA 
AATGGATGTTTTGAGTTCTACCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGAAATGGGACTTATGATTATCC 
CAAATAT T CAGAAGAGTCAAAGTT GAACAGGGAAAAGGTAGAT GGAGTGAAATT GGAATCAAT GGGGAT CTAT CAGA 
TTCTGGCGATCTACTCAACTGTCGCCAGTTCACTGGTGCTTTTGGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGT 
T C TAAT G GAT C T T T G CAGT G CAGAATAT G CAT C T GAGAT TAGAAT T T CAGAGATAT GAG GAAAAACAC CCTTGTTTC 
TACT 

SEQ ID NO: 16 (NA, PR8-X) 
AG CAAAAG CAG G G GT T TAAAAT GAAT C CAAAT CAGAAAATAATAAC CAT T G GAT CAAT CTGTCTGGTAGTCG GAC TA 
AT TAG C C TAATAT T G CAAATAG G GAATATAAT C T CAATAT G GAT TAG C CAT T CAAT T CAAAC T G GAAGT CAAAAC CA 
TAC T G GAATAT G CAAC CAAAACAT CAT TAC C TATAAAAATAG CAC C T G G GTAAAG GACACAAC T T CAGT GATAT TAA 
CCGGCAATTCATCTCTTTGTCCCATCCGTGGGTGGGCTATATACAGCAAAGACAATAGCATAAGAATTGGTTCCAAA 
GGAGACGTTTTTGTCATAAGAGAGCCCTTTATTTCATGTTCTCACTTGGAATGCAGGACCTTTTTTCTGACCCAAGG 
TGCCTTACTGAATGACAAGCATTCAAGTGGGACTGTTAAGGACAGAAGCCCTTATAGGGCCTTAATGAGCTGCCCTG 
TCGGTGAAGCTCCGTCCCCGTACAATTCAAGATTTGAATCGGTTGCTTGGTCAGCAAGTGCATGTCATGATGGCATG 
G G C T G G C TAACAAT C G GAAT T T CAG GT C CAGATAAT G GAG CAGT G G C T GTAT TAAAATACAAC G G CATAATAAC T GA 
AACCATAAAAAGTTGGAGGAAGAAAATATTGAGGACACAAGAGTCTGAATGTGCCTGTGTAAATGGTTCATGTTTTA 
CTATAATGACTGATGGCCCGAGTGATGGGCTGGCCTCGTACAAAATTTTCAAGATCGAAAAGGGGAAGGTTACTAAA 
TCAATAGAGTTGAATGCACCTAATTCTCACTATGAGGAATGTTCCTGTTACCCTGATACCGACAAAGTGATGTGTGT 
GTGCAGAGACAATTGGCATGGTTCGAACCGGCCATGGGTGTCTTTCGATCAAAACCTGGATTATCAAATAGGATACA 
TCTGCAGTGGGGTTTTCGGTGACAACCCGCGTCCCGAAGATGGAACAGGCAGCTGTGGTCCAGTGTATGTTGATGGA 
GCAAACGGAGTAAAGGGATTTTCATATAGGTATGGTAATGGTGTTTGGATAGGAAGGACCAAAAGTCACAGTTCCAG 
ACATGGGTTTGAGATGATTTGGGATCCTAATGGATGGACAGAGACTGATAGTAAGTTCTCTGTGAGGCAAGATGTTG 
TGGCAATGACTGATTGGTCAGGGTATAGCGGAAGTTTCGTTCAACATCCTGAGCTGACAGGGCTAGACTGTATGAGG 
CCGTGCTTCTGGGTTGAATTAATCAGGGGACGACCTAAAGAAAAAACAATCTGGACTAGTGCGAGCAGCATTTCTTT 
TTGTGGCGTGAATAGTGATACTGTAGATTGGTCTTGGCCAGACGGTGCTGAGTTGCCATTCAGCATTGACAAGTAGT 
CTGTTCAAAAAACTCCTTGTTTCTACT 
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SEQ ID NO: 17 (PA, A/California/07/09) 
MEDFVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAI CTHLEVCFMYSDFHFIDERGES I IVES GDPNALLKHRFE 

I I EGRDRIMAWTVVNS I CNTTGVEKPKFLPDLYDYKENRFIEI GVTRREVHI YYLEKANKI KS EKTHI HI FS FT GEE 

MATKADYTLDEES RARI KT RL FT I RQEMAS RSLWDS FRQ S ERGEET I EEKFEI T GTMRKLADQ S L P PNFP S LENFRA 

5 YVDGFEPNGCI EGKL SQMS KEVNAKI EP FLRTT P RP LRL P DGP LCHQRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 

KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKI PRTKNMKRTSQLKWALGENMAPEKVDFDDCK 

DVGDLKQYDS DEP EP RS LASWVQNEFNKACELT DS SWIELDEI GEDVAP I EHIASMRRNYFTAEVSHCRAT EYIMKG 

VYINTALLNAS CAAMDDFQL I PMI SKCRTKEGRRKTNLYGFI I KGRSHLRNDT DVVNEVSMEFS LT DP RLEPHKWEK 

YCVLEI GDMLLRTAI GQVS RPMFLYVRTNGT SKI KMKWGMEMRRCLLQ S LQQI ESMI EAES SVKEKDMTKEFFENKS 

10 ETWP I GES PRGVEEGS I GKVCRILLAKSVENSLYAS PQLEGFSAES RKLLL IVQALRDNLEP GT FDLGGLYEAI EEC 

LINDPWVLLNASWFNS FLTHALK 

SEQ ID NO: 18 (PB1, A/California/07/09) 
MDVNPTLL FLKI PAQNAI S TT FPYT GDP PYSHGT GT GYTMDTVNRTHQYS EKGKWTTNT ET GAPQLNP I DGP L P EDN 

EP S GYAQT DCVLEAMAFLEESHP GI FENS CLETMEVVQQT RVDKLIQGRQTYDWILNRNQPAATALANT I EVFRSNG 

15 LTANES GRL I DFLKDVMESMNKEEI EI TTHFQRKRRVRDNMTKKMVTQRT I GKKKQRLNKRGYL I RALT LNTMTKDA 

ERGKLKRRAIAT P GMQI RGFVYFVET LARS I CEKLEQSGLPVGGNEKKAKLANVVRKMMTNSQDTEI S FT I T GDNTK 

WNENQNPRMFLAMITYITRNQPEWERNILSMAPIMESNKMARLGKGYMFESKRMKIRTQI PAEMLAS I DLKYFNES T 

KKKI EKI RP LL I DGTAS L S PGMMMGMFNMLSTVLGVS I LNLGQKKYTKT I YWWDGLQ S SDDFALIVNAPNHEGIQAG 

VDREYRICKLVGINMS KKKS YINKT GT FEET S FFYRYGEVANFSMEL P S FGVSGVNESADMS I GVTVIKNNMINNDL 

20 GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRS FELKKLWDQTQSKVGLLVSDGGPNLYNIRNLHI PEVCLKWELM 

DDDYRGRLCNP LNP FVSHKEI DSVNNAVVMPAHGPAKSMEYDAVATTHSWI PKRNRS I LNT SQRGI LEDEQMYQKCC 

NLFEKFFPS S SYRRPVGI S SMVEAMVSRARIDARVDFESGRIKKEEFSEIMKI CS T I EELRRQK 

SEQ ID NO: 19 (PB2, A/California/07/09) 
25 MERIKELRDLMSQSRTREILTKITVDHMAI I KKYT S GRQEKNPALRMKWMMAMRYP I TADKRIMDMI PERNEQGQTL 

WS KTNDAGS DRVMVS P LAVTWWNRNGPTT S TVHYPKVYKTYFEKVERLKHGT FGPVHFRNQVKI RRRVDTNP GHADL 

SAKEAQDVIMEVVFPNEVGARI LT S ESQLAI TKEKKEELQDCKIAP LMVAYMLERELVRKT RFL PVAGGTGSVYI EV 

LHLTQGT CWEQMYT P GGEVRNDDVDQ S L I IAARNIVRRAAVSADP LAS LLEMCHS TQI GGVRMVDILRQNPTEEQAV 

DI CKAAI GLRI S S S FS EGGFT FKRT S GS SVKKEEEVLIGNLQT LKI RVHEGYEEFTMVGRRATAI LRKAT RRL I QL I 

30 VS GRDEQ S IAEAI IVAMVFSQEDCMI KAVRGDLNEVNRANQRLNPMHQLLRHFQKDAKVL FQNWGI ES I DNVMGMI G 

I L P DMT P S T EMS LRGI RVS KMGVDEYS STERVVVS I DRFLRVRDQRGNVLL S P EEVS ETQGT EKLT I TYS S SMMWEI 

NGPESVLVNTYQWI I RNWEIVKI QWSQDPTMLYNKMEFEP FQ S LVPKAT RS RYS GFVRT L FQQMRDVLGT FDTVQI I 

KLLPFAAAPPEQSRMQFS S LTVNVRGS GLRI LVRGNS PVFNYNKATKRLTVLGKDAGALT EDP DEGT S GVESAVLRG 

FL I LGKEDKRYGPAL S INELSNLAKGEKANVLI GQGDVVLVMKRKRDS S I LT DSQTATKRI RMAIN 

35 SEQ ID NO: 20 (NP, A/California/07/09) 
MASQGTKRSYEQMETGGERQDATEIRASVGRMI GGI GRFYI QMCT ELKL S DYDGRL I QNS I T I ERMVL SAFDERRNK 

YLEEHP SAGKDPKKT GGP I YRRVDGKWMREL I LYDKEEI RRVWRQANNGEDATAGLTHIMIWHSNLNDATYQRT RAL 

VRT GMDP RMCS LMQGS T L P RRS GAAGAAVKGVGT IAMEL I RMI KRGINDRNFWRGENGRRT RVAYERMCNI LKGKFQ 
TAAQRAMMDQVRES RNP GNAEI EDL I FLARSAL I LRGSVAHKS CL PACVYGLAVAS GHDFEREGYS LVGI DP FKLLQ 

40 NSQVVSLMRPN 

SEQ ID NO: 21 (Ml, A/California/07/09) 
MS LLT EVETYVL SI I PS GP LKAEIAQRLESVFAGKNTDLEALMEWLKT RP ILS P LTKGI LGFVFT LTVP S ERGLQRR 

RFVQNALNGNGD PNNMDRAVKLYKKLKRE I T FHGAKEVS L S YS T GALAS CMGL I YNRMGTVIT EAAFGLVCAT CEQ I 

AD S QHRS HRQMATTTN P L I RHENRMVLAS TTAKAMEQMAGS S EQAAEAMEVANQT RQMVHAMRT I GTHPS S SAGLKD 

45 DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 22 (NS1, A/California/07/09) 
MDSNTMS S FQVDCFLWHI RKRFADNGLGDAP FLDRLRRDQKS LKGRGNT LGLDI ETAT LVGKQIVEWI LKEES S ET L 

RMTIASVPTSRYLSDMTLEEMSRDWFMLMPRQKI I GP LCVRLDQAIMEKNIVLKANFSVI FNRLET L I LLRAFT EEG 

AIVGEI S PL P S L P GHTYEDVKNAVGVL I GGLEWNGNTVRVSENIQRFAWRNCDENGRPSLPPEQK 
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SEQ ID NO: 17 (PA, A/California/07/09) 
MEDFVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAICTHLEVCFMYSDFHFIDERGESIIVESGDPNALLKHRFE 
IIEGRDRIMAWTWNSICNTTGVEKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEE 
MATKADYTLDEESRARIKTRLFTIRQEMASRSLWDSFRQSERGEETIEEKFEITGTMRKLADQSLPPNFPSLENFRA 

5 YVDGFEPNGCIEGKLSQMSKEVNAKIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKIPRTKNMKRTSQLKWALGENMAPEKVDFDDCK 
DVGDLKQYDSDEPEPRSLASWVQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEYIMKG 
VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 
YCVLEIGDMLLRTAIGQVSRPMFLYVRTNGTSKIKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 

10 ETWPIGESPRGVEEGSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLIVQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALK 

SEQ ID NO: 18 (PBl, A/California/07/09) 
MDVNPTLLFLKIPAQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSEKGKWTTNTETGAPQLNPIDGPLPEDN 
EPSGYAQTDCVLEAMAFLEESHPGIFENSCLETMEWQQTRVDKLTQGRQTYDWTLNRNQPAATALANTIEVFRSNG 

15 LTANESGRLIDFLKDVMESMNKEEIEITTHFQRKRRVRDNMTKKMVTQRTIGKKKQRLNKRGYLIRALTLNTMTKDA 
ERGKLKRRAIATPGMQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANWRKMMTNSQDTEISFTITGDNTK 
WNENQNPRMFLAMITYITRNQPEWFRNILSMAPIMFSNKMARLGKGYMFESKRMKIRTQIPAEMLASIDLKYFNEST 
KKKIEKIRPLLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKKYTKTIYWWDGLQSSDDFALIVNAPNHEGIQAG 
VDRFYRTCKLVGINMSKKKSYINKTGTFEFTSFFYRYGFVANFSMELPSFGVSGVNESADMSIGVTVTKNNMINNDL 

20 GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKKLWDQTQSKVGLLVSDGGPNLYNIRNLHIPEVCLKWELM 
DDDYRGRLCNPLNPFVSHKEIDSWNAWMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGILEDEQMYQKCC 
NLFEKFFPSSSYRRPVGISSMVEAMVSRARIDARVDFESGRIKKEEFSEIMKICSTIEELRRQK 

SEQ ID NO: 19 (PB2, A/California/07/09) 
25 MERIKELRDLMSQSRTREILTKTTVDHMAIIKKYTSGRQEKNPALRMKWMMAMRYPITADKRIMDMIPERNEQGQTL 

WSKTNDAGSDRVMVSPLAVTWWNRNGPTTSTVHYPKVYKTYFEKVERLKHGTFGPVHFRNQVKIRRRVDTNPGHADL 
SAKEAQDVIMEWFPNEVGARILTSESQLAITKEKKEELQDCKIAPLMVAYMLERELVRKTRFLPVAGGTGSVYIEV 
LHLTQGTCWEQMYTPGGEVRNDDVDQSLIIAARNIVRRAAVSADPLASLLEMCHSTQIGGVRMVDILRQNPTEEQAV 
DICKAAIGLRISSSFSFGGFTFKRTSGSSVKKEEEVLTGNLQTLKIRVHEGYEEFTMVGRRATAILRKATRRLIQLI 

30 VSGRDEQSIAEAIIVAMVFSQEDCMIKAVRGDLNFWRANQRLNPMHQLLRHFQKDAKVLFQNWGIESIDNVMGMIG 
ILPDMTPSTEMSLRGIRVSKMGVDEYSSTERVWSIDRFLRVRDQRGNVLLSPEEVSETQGTEKLTITYSSSMMWEI 
NGPESVLWTYQWIIRNWEIVKIQWSQDPTMLYNKMEFEPFQSLVPKATRSRYSGFVRTLFQQMRDVLGTFDTVQII 
KLLPFAAAPPEQSRMQFSSLTWVRGSGLRILVRGNSPVFNYNKATKRLTVLGKDAGALTEDPDEGTSGVESAVLRG 
FLILGKEDKRYGPALSINELSNLAKGEKANVLIGQGDWLVMKRKRDSSILTDSQTATKRIRMAIN 

3 5 SEQ ID NO: 20 (NP, A/California/07/09) 
MASQGTKRSYEQMETGGERQDATEIRASVGRMIGGIGRFYIQMCTELKLSDYDGRLIQNSITIERMVLSAFDERRNK 
YLEEHPSAGKDPKKTGGPIYRRVDGKWMRELILYDKEEIRRVWRQANNGEDATAGLTHIMIWHSNLNDATYQRTRAL 
VRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGVGTIAMELIRMIKRGINDRNFWRGENGRRTRVAYERMCNILKGKFQ 
TAAQRAMMDQVRESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACVYGLAVASGHDFEREGYSLVGIDPFKLLQ 

40 NSQWSLMRPN 

SEQ ID NO: 21 (Ml, A/California/07/09) 
MSLLTEVETYVLSIIPSGPLKAEIAQRLESVFAGKNTDLEALMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 
RFVQNALNGNGDPNNMDRAVKLYKKLKREITFHGAKEVSLSYSTGALASCMGLIYNRMGTVTTEAAFGLVCATCEQI 
ADSQHRSHRQMATTTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEVANQTRQMVHAMRTIGTHPSSSAGLKD 

45 DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 22 (NSI, A/California/07/09) 
MDSNTMSSFQVDCFLWHIRKRFADNGLGDAPFLDRLRRDQKSLKGRGNTLGLDIETATLVGKQIVEWILKEESSETL 
RMTIASVPTSRYLSDMTLEEMSRDWFMLMPRQKIIGPLCVRLDQAIMEKNIVLKANFSVIFNRLETLILLRAFTEEG 
AIVGEISPLPSLPGHTYEDVKNAVGVLIGGLEWNGNTVRVSENIQRFAWRNCDENGRPSLPPEQK 
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SEQ ID NO: 23 (PA, A/California/07/09) 
AT GGAAGACTTT GT GCGACAAT GCTT CAAT CCAAT GAT CGT CGAGCTT GCGGAAAAGGCAAT GAAAGAATAT GGGGA 
AGATCCGAAAATCGAAACTAACAAGTTTGCTGCAATATGCACACATTTGGAAGTTTGTTTCATGTATTCGGATTTCC 
ATTT CAT CGACGAACGGGGT GAAT CAATAATTGTAGAAT CT GGT GACCCGAAT GCACTATT GAAGCACCGATTT GAG 

5 ATAATT GAAGGAAGAGACCGAAT CAT GGCCT GGACAGT GGT GAACAGTATAT GTAACACAACAGGGGTAGAGAAGCC 
TAAATTTCTTCCTGATTTGTATGATTACAAAGAGAACCGGTTCATTGAAATTGGAGTAACACGGAGGGAAGTCCACA 
TATATTACCTAGAGAAAGCCAACAAAATAAAATCTGAGAAGACACACATTCACATCTTTTCATTCACTGGAGAGGAG 
AT GGCCACCAAAGCGGACTACACCCTT GACGAAGAGAGCAGGGCAAGAAT CAAAACTAGGCTTTT CACTATAAGACA 
AGAAATGGCCAGTAGGAGTCTATGGGATTCCTTTCGTCAGTCCGAAAGAGGCGAAGAGACAATTGAAGAAAAATTTG 

10 AGATTACAGGAACTAT GCGCAAGCTT GCCGACCAAAGT CT CCCACCGAACTT CCCCAGCCTT GAAAACTTTAGAGCC 
TAT GTAGAT GGATT CGAGCCGAACGGCT GCATT GAGGGCAAGCTTT CCCAAAT GT CAAAAGAAGT GAACGCCAAAAT 
TGAACCATTCTTGAGGACGACACCACGCCCCCTCAGATTGCCTGATGGGCCTCTTTGCCATCAGCGGTCAAAGTTCC 
T GCT GAT GGAT GCT CT GAAATTAAGTATT GAAGACCCGAGT CACGAGGGGGAGGGAATACCACTATAT GAT GCAAT C 
AAATGCATGAAGACATTCTTTGGCTGGAAAGAGCCTAACATAGTCAAACCACATGAGAAAGGCATAAATCCCAATTA 

15 CCTCATGGCTTGGAAGCAGGTGCTAGCAGAGCTACAGGACATTGAAAATGAAGAGAAGATCCCAAGGACAAAGAACA 
TGAAGAGAACAAGCCAATTGAAGTGGGCACTCGGTGAAAATATGGCACCAGAAAAAGTAGACTTTGATGACTGCAAA 
GAT GTT GGAGACCTTAAACAGTAT GACAGT GAT GAGCCAGAGCCCAGAT CT CTAGCAAGCT GGGT CCAAAAT GAATT 
CAATAAGGCAT GT GAATT GACT GATT CAAGCTGGATAGAACTT GAT GAAATAGGAGAAGAT GTT GCCCCGATT GAAC 
ATATCGCAAGCATGAGGAGGAACTATTTTACAGCAGAAGTGTCCCACTGCAGGGCTACTGAATACATAATGAAGGGA 

20 GT GTACATAAATACGGCCTT GCT CAAT GCAT CCT GT GCAGCCAT GGAT GACTTT CAGCT GAT CCCAAT GATAAGCAA 
AT GTAGGACCAAAGAAGGAAGACGGAAAACAAACCT GTAT GGGTT CATTATAAAAGGAAGGT CT CATTT GAGAAAT G 
ATACTGATGTGGTGAACTTTGTAAGTATGGAGTTCTCACTCACTGACCCGAGACTGGAGCCACACAAATGGGAAAAA 
TACT GT GTT CTT GAAATAGGAGACAT GCT CTTGAGGACT GCGATAGGCCAAGT GT CGAGGCCCAT GTT CCTATAT GT 
GAGAACCAAT GGAACCT CCAAGAT CAAGAT GAAAT GGGGCAT GGAAAT GAGGCGCT GCCTT CTT CAGT CT CTT CAGC 

25 AGATT GAGAGCAT GATT GAGGCCGAGT CTT CTGT CAAAGAGAAAGACAT GACCAAGGAATT CTTT GAAAACAAAT CG 
GAAACAT GGCCAAT CGGAGAGT CACCCAGGGGAGT GGAGGAAGGCT CTATT GGGAAAGT GT GCAGGACCTTACT GGC 
AAAAT CT GTATT CAACAGT CTATAT GCGT CT CCACAACTT GAGGGGTTTT CGGCT GAAT CTAGAAAATT GCTT CT CA 
TTGTTCAGGCACTTAGGGACAACCTGGAACCTGGAACCTTCGATCTTGGGGGGCTATATGAAGCAATCGAGGAGTGC 
CTGATTAATGATCCCTGGGTTTTGCTTAATGCATCTTGGTTCAACTCCTTCCTCACACATGCACTGAAGTAG 

30 SEQ ID NO: 24 (PB1, A/California/07/09) 
AGCGAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACTCTACTTTTCCTAAAAATTCCAGCGCAAAATGCCAT 
AAGCACCACATTCCCTTATACTGGAGATCCTCCATACAGCCATGGAACAGGAACAGGATACACCATGGACACAGTAA 
ACAGAACACACCAATACTCAGAAAAGGGAAAGTGGACGACAAACACAGAGACTGGTGCACCCCAGCTCAACCCGATT 
GAT GGACCACTACCT GAGGATAAT GAACCAAGT GGGTAT GCACAAACAGACT GT GTT CTAGAGGCTAT GGCTTT CCT 

35 TGAAGAATCCCACCCAGGAATATTTGAGAATTCATGCCTTGAAACAATGGAAGTTGTTCAACAAACAAGGGTAGATA 
AACTAACTCAAGGTCGCCAGACTTATGATTGGACATTAAACAGAAATCAACCGGCAGCAACTGCATTGGCCAACACC 
ATAGAAGTCTTTAGATCGAATGGCCTAACAGCTAATGAGTCAGGAAGGCTAATAGATTTCTTAAAGGATGTAATGGA 
AT CAAT GAACAAAGAGGAAATAGAGATAACAACCCACTTT CAAAGAAAAAGGAGAGTAAGAGACAACAT GACCAAGA 
AGATGGTCACGCAAAGAACAATAGGGAAGAAAAAACAAAGACTGAATAAGAGAGGCTATCTAATAAGAGCACTGACA 

40 TTAAATACGATGACCAAAGATGCAGAGAGAGGCAAGTTAAAAAGAAGGGCTATCGCAACACCTGGGATGCAGATTAG 
AGGTTTCGTATACTTTGTTGAAACTTTAGCTAGGAGCATTTGCGAAAAGCTTGAACAGTCTGGGCTCCCAGTAGGGG 
GCAAT GAAAAGAAGGCCAAACT GGCAAAT GTTGT GAGAAAGAT GAT GACTAATT CACAAGACACAGAGATTT CTTTC 
ACAAT CACTGGGGACAACACTAAGTGGAAT GAAAAT CAAAATCCTCGAATGTTCCTGGCGAT GATTACATATAT CAC 
CAGAAAT CAACCCGAGT GGTT CAGAAACAT CCT GAGCAT GGCACCCATAAT GTT CT CAAACAAAAT GGCAAGACTAG 

45 GGAAAGGGTACATGTTCGAGAGTAAAAGAATGAAGATTCGAACACAAATACCAGCAGAAATGCTAGCAAGCATTGAC 
CT GAAGTACTT CAAT GAAT CAACAAAGAAGAAAATT GAGAAAATAAGGCCT CTT CTAATAGAT GGCACAGCAT CACT 
GAGT CCT GGGAT GAT GAT GGGCAT GTT CAACAT GCTAAGTACGGT CTT GGGAGT CT CGATACT GAAT CTT GGACAAA 
AGAAATACACCAAGACAATATACT GGT GGGATGGGCT CCAAT CAT CCGACGATTTT GCT CT CATAGT GAAT GCACCA 
AACCATGAGGGAATACAAGCAGGAGTGGACAGATTCTACAGGACCTGCAAGTTAGTGGGAATCAACATGAGCAAAAA 

50 GAAGTCCTATATAAATAAGACAGGGACATTTGAATTCACAAGCTTTTTTTATCGCTATGGATTTGTGGCTAATTTTA 
GCATGGAGCTACCCAGCTTTGGAGTGTCTGGAGTAAATGAATCAGCTGACATGAGTATTGGAGTAACAGTGATAAAG 
AACAACAT GATAAACAAT GACCTT GGACCT GCAACGGCCCAGAT GGCT CTT CAATT GTT CAT CAAAGACTACAGATA 
CACATATAGGT GCCATAGGGGAGACACACAAATT CAGACAAGAAGAT CATTT GAGTTAAAGAAGCT GT GGGAT CAAA 
CCCAATCAAAGGTAGGGCTATTAGTATCAGATGGAGGACCAAACTTATACAATATACGGAATCTTCACATTCCTGAA 

55 GTCTGCTTAAAATGGGAGCTAATGGATGATGATTATCGGGGAAGACTTTGTAATCCCCTGAATCCCTTTGTCAGTCA 
TAAAGAGATT GATT CT GTAAACAAT GCT GT GGTAAT GCCAGCCCAT GGT CCAGCCAAAAGCAT GGAATAT GAT GCCG 
TTGCAACTACACATTCCTGGATTCCCAAGAGGAATCGTTCTATTCTCAACACAAGCCAAAGGGGAATTCTTGAGGAT 
GAACAGATGTACCAGAAGTGCTGCAATCTATTCGAGAAATTTTTCCCTAGCAGTTCATATAGGAGACCGGTTGGAAT 
TTCTAGCATGGTGGAGGCCATGGTGTCTAGGGCCCGGATTGATGCCAGGGTCGACTTCGAGTCTGGACGGATCAAGA 
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SEQ ID NO: 23 (PA, A/California/07/09) 
ATGGAAGACTTTGTGCGACAATGCTTCAATCCAATGATCGTCGAGCTTGCGGAAAAGGCAATGAAAGAATATGGGGA 
AGATCCGAAAATCGAAACTAACAAGTTTGCTGCAATATGCACACATTTGGAAGTTTGTTTCATGTATTCGGATTTCC 
AT T T CAT C GAC GAAC G G G GT GAAT CAATAAT T GTAGAAT C T G GT GAC C C GAAT G CAC TAT T GAAG CAC C GAT T T GAG 
ATAATTGAAGGAAGAGACCGAATCATGGCCTGGACAGTGGTGAACAGTATATGTAACACAACAGGGGTAGAGAAGCC 
TAAAT TTCTTCCT GAT T T GTAT GAT TACAAAGAGAAC C G GT T CAT T GAAAT T G GAGTAACAC G GAG G GAAGT C CACA 
TATAT TAC C TAGAGAAAG C CAACAAAATAAAAT C T GAGAAGACACACAT T CACAT C T T T T CAT T CAC T G GAGAG GAG 
AT G G C CAC CAAAG C G GAC TACAC C C T T GAC GAAGAGAG CAG G G CAAGAAT CAAAAC TAGGCTTTT CAC TATAAGACA 
AGAAAT G G C CAGTAG GAGT C TAT G G GAT TCCTTTCGT CAGT C C GAAAGAG G C GAAGAGACAAT T GAAGAAAAAT T T G 
AGATTACAGGAACTATGCGCAAGCTTGCCGACCAAAGTCTCCCACCGAACTTCCCCAGCCTTGAAAACTTTAGAGCC 
TATGTAGATGGATTCGAGCCGAACGGCTGCATTGAGGGCAAGCTTTCCCAAATGTCAAAAGAAGTGAACGCCAAAAT 
TGAACCATTCTTGAGGACGACACCACGCCCCCTCAGATTGCCTGATGGGCCTCTTTGCCATCAGCGGTCAAAGTTCC 
T G C T GAT G GAT G C T C T GAAAT TAAGTAT T GAAGAC C C GAGT CAC GAG G G G GAG G GAATAC CAC TATAT GAT G CAAT C 
AAAT G CAT GAAGACAT TCTTTGGCTG GAAAGAG C C TAACATAGT CAAAC CACAT GAGAAAG G CATAAAT C C CAAT TA 
C C T CAT G G C T T G GAAG CAG GT G C TAG CAGAG CTACAG GACAT T GAAAAT GAAGAGAAGAT C C CAAG GACAAAGAACA 
T GAAGAGAACAAGC CAAT T GAAGT GGGCACT CGGT GAAAATAT GGCAC CAGAAAAAGTAGACT T T GAT GACT GCAAA 
GAT GT T GGAGAC CT TAAACAGTAT GACAGT GAT GAGC CAGAGC C CAGAT CT CTAGCAAGCT GGGT C CAAAAT GAAT T 
CAATAAG G CAT GT GAAT T GAC T GAT T CAAG C T G GATAGAAC T T GAT GAAATAG GAGAAGAT GTTGCCCC GAT T GAAC 
ATAT C G CAAG CAT GAG GAG GAAC TAT T T TACAG CAGAAGT GT C C CAC T G CAG G G C TAC T GAATACATAAT GAAG G GA 
GTGTACATAAATACGGCCTTGCTCAATGCATCCTGTGCAGCCATGGATGACTTTCAGCTGATCCCAATGATAAGCAA 
AT GTAG GAC CAAAGAAG GAAGAC G GAAAACAAAC C T GTAT G G GT T CAT TATAAAAG GAAG GT C T CAT T T GAGAAAT G 
ATACT GAT GT GGT GAACT T T GTAAGTAT GGAGT T CT CACT CACT GAC C C GAGACT GGAGC CACACAAAT GGGAAAAA 
TACTGTGTTCTTGAAATAGGAGACATGCTCTTGAGGACTGCGATAGGCCAAGTGTCGAGGCCCATGTTCCTATATGT 
GAGAACCAATGGAACCTCCAAGATCAAGATGAAATGGGGCATGGAAATGAGGCGCTGCCTTCTTCAGTCTCTTCAGC 
AGAT T GAGAG CAT GAT T GAG G C C GAGT C T T C T GT CAAAGAGAAAGACAT GAC CAAG GAAT T C T T T GAAAACAAAT C G 
GAAACATGGCCAATCGGAGAGTCACCCAGGGGAGTGGAGGAAGGCTCTATTGGGAAAGTGTGCAGGACCTTACTGGC 
AAAATCTGTATTCAACAGTCTATATGCGTCTCCACAACTTGAGGGGTTTTCGGCTGAATCTAGAAAATTGCTTCTCA 
TTGTTCAGGCACTTAGGGACAACCTGGAACCTGGAACCTTCGATCTTGGGGGGCTATATGAAGCAATCGAGGAGTGC 
CTGATTAATGATCCCTGGGTTTTGCTTAATGCATCTTGGTTCAACTCCTTCCTCACACATGCACTGAAGTAG 

SEQ ID NO: 24 (PBl, A/California/07/09) 
AGCGAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACTCTACTTTTCCTAAAAATTCCAGCGCAAAATGCCAT 
AAG CAC CACAT T C C C T TATAC T G GAGAT C C T C CATACAG C CAT G GAACAG GAACAG GATACAC CAT G GACACAGTAA 
ACAGAACACAC CAATAC T CAGAAAAG G GAAAGT G GAC GACAAACACAGAGAC T G GT G CAC C C CAG C T CAAC C C GAT T 
GAT G GAC CAC TAC C T GAG GATAAT GAAC CAAGT G G GTAT G CACAAACAGAC T GT GT T C TAGAG G C TAT GGCTTTCCT 
T GAAGAAT C C CAC C CAG GAATAT T T GAGAAT T CAT G C C T T GAAACAAT G GAAGT T GT T CAACAAACAAG G GTAGATA 
AAC TAAC T CAAG GT C G C CAGAC T TAT GAT T G GACAT TAAACAGAAAT CAAC C G G CAG CAAC T G CAT T G G C CAACAC C 
ATAGAAGT C T T TAGAT C GAAT G G C C TAACAG CTAAT GAGT CAG GAAG G C TAATAGAT T T C T TAAAG GAT GTAAT G GA 
AT CAAT GAAC AAAGAG GAAAT AGAGAT AAC AAC C C AC T T T CAAAGAAAAAG GAGAGT AAGAGAC AAC AT GAC CAAGA 
AGAT GGT CAC G CAAAGAACAATAG G GAAGAAAAAACAAAGAC T GAATAAGAGAG G C TAT C TAATAAGAG CAC T GACA 
T TAAATAC GAT GAC CAAAGAT G CAGAGAGAG GCAAGT TAAAAAGAAG G G C TAT C G CAACAC C T G G GAT G CAGAT TAG 
AGGTTTCGTATACTTTGTTGAAACTTTAGCTAGGAGCATTTGCGAAAAGCTTGAACAGTCTGGGCTCCCAGTAGGGG 
GCAAT GAAAAGAAGGC CAAACT GGCAAAT GT T GT GAGAAAGAT GAT GACTAAT T CACAAGACACAGAGAT T T CT T T C 
ACAAT CAC T G G G GACAACAC TAAGT G GAAT GAAAAT CAAAAT C C T C GAAT GTTCCTGGC GAT GAT TACATATAT CAC 
CAGAAAT CAAC C C GAGT G GT T CAGAAACAT C CT GAG CAT G G CAC C CATAAT GT T C T CAAACAAAAT G G CAAGAC TAG 
G GAAAG G GTACAT GT T C GAGAGTAAAAGAAT GAAGAT T C GAACACAAATAC CAG CAGAAAT G C TAG CAAG CAT T GAC 
CT GAAGTACTT CAAT GAAT CAACAAAGAAGAAAATT GAGAAAATAAGGCCT CTT CT AAT AGAT GGCACAGCAT CACT 
GAGTCCTGGGATGATGATGGGCATGTTCAACATGCTAAGTACGGTCTTGGGAGTCTCGATACTGAATCTTGGACAAA 
AGAAATACAC CAAGACAATATAC T G GT G G GAT G G G C T C CAAT CAT C C GAC GAT TTTGCTCT CATAGT GAAT G CAC CA 
AACCAT GAGGGAATACAAGCAGGAGT GGACAGATT CTACAGGACCT GCAAGTTAGT GGGAATCAACAT GAGCAAAAA 
GAAGTCCTATATAAATAAGACAGGGACATTTGAATTCACAAGCTTTTTTTATCGCTATGGATTTGTGGCTAATTTTA 
GCATGGAGCTACCCAGCTTTGGAGTGTCTGGAGTAAATGAATCAGCTGACATGAGTATTGGAGTAACAGTGATAAAG 
AACAACAT GATAAACAAT GAC CT T GGAC CT GCAAC GGC C CAGAT GGCT CT T CAAT T GT T CAT CAAAGACTACAGATA 
C AC AT AT AG GT G C CAT AG G G GAGAC AC AC AAAT T C AGAC AAGAAGAT CAT T T GAGT T AAAGAAG C T GT G G GAT C AAA 
C C CAAT CAAAG GTAG G G C TAT TAGTAT CAGAT G GAG GAC CAAAC T TATACAATATAC G GAAT CTT CACAT T C C T GAA 
GTCTGCTTAAAATGGGAGCTAATGGATGATGATTATCGGGGAAGACTTTGTAATCCCCTGAATCCCTTTGTCAGTCA 
TAAAGAGATTGATTCTGTAAACAATGCTGTGGTAATGCCAGCCCATGGTCCAGCCAAAAGCATGGAATATGATGCCG 
TTGCAACTACACATTCCTGGATTCCCAAGAGGAATCGTTCTATTCTCAACACAAGCCAAAGGGGAATTCTTGAGGAT 
GAACAGAT GTAC CAGAAGT G C T G CAAT C TAT T C GAGAAAT TTTTCCCTAG CAGT T CATATAG GAGAC C G GT T G GAAT 
TTCTAGCATGGTGGAGGCCATGGTGTCTAGGGCCCGGATTGATGCCAGGGTCGACTTCGAGTCTGGACGGATCAAGA 
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AAGAAGAGTT CT CT GAGAT CAT GAAGAT CT GTT CCACCATT GAAGAACT CAGACGGCAAAAATAAT GAATTTAACTT 
GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 25 (PB2, A/California/07/09) 
ATGGAGAGAATAAAAGAACTGAGAGATCTAATGTCGCAGTCCCGCACTCGCGAGATACTCACTAAGACCACTGTGGA 

5 CCATATGGCCATAATCAAAAAGTACACATCAGGAAGGCAAGAGAAGAACCCCGCACTCAGAATGAAGTGGATGATGG 
CAATGAGATACCCAATTACAGCAGACAAGAGAATAATGGACATGATTCCAGAGAGGAATGAACAAGGACAAACCCTC 
T GGAGCAAAACAAACGAT GCT GGAT CAGACCGAGT GAT GGTAT CACCT CT GGCCGTAACAT GGT GGAATAGGAAT GG 
CCCAACAACAAGTACAGTTCATTACCCTAAGGTATATAAAACTTATTTCGAAAAGGTCGAAAGGTTGAAACATGGTA 
CCTT CGGCCCT GT CCACTT CAGAAAT CAAGTTAAAATAAGGAGGAGAGTT GATACAAACCCT GGCCAT GCAGAT CTC 

10 AGT GCCAAGGAGGCACAGGAT GT GATTAT GGAAGTT GTTTT CCCAAAT GAAGT GGGGGCAAGAATACT GACAT CAGA 
GT CACAGCT GGCAATAACAAAAGAGAAGAAAGAAGAGCT CCAGGATT GTAAAATT GCT CCCTT GAT GGT GGCGTACA 
TGCTAGAAAGAGAATTGGTCCGTAAAACAAGGTTTCTCCCAGTAGCCGGCGGAACAGGCAGTGTTTATATTGAAGTG 
TT GCACTTAACCCAAGGGACGT GCT GGGAGCAGAT GTACACT CCAGGAGGAGAAGT GAGAAAT GAT GAT GTT GACCA 
AAGTTTGATTATCGCTGCTAGAAACATAGTAAGAAGAGCAGCAGTGTCAGCAGACCCATTAGCATCTCTCTTGGAAA 

15 TGTGCCACAGCACACAGATTGGAGGAGTAAGGATGGTGGACATCCTTAGACAGAATCCAACTGAGGAACAAGCCGTA 
GACATAT GCAAGGCAGCAATAGGGTT GAGGATTAGCT CAT CTTT CAGTTTT GGT GGGTT CACTTT CAAAAGGACAAG 
CGGAT CAT CAGT CAAGAAAGAAGAAGAAGT GCTAACGGGCAACCT CCAAACACT GAAAATAAGAGTACAT GAAGGGT 
AT GAAGAATT CACAAT GGTT GGGAGAAGAGCAACAGCTATT CT CAGAAAGGCAACCAGGAGATT GAT CCAGTT GATA 
GTAAGCGGGAGAGACGAGCAGT CAATT GCT GAGGCAATAATT GT GGCCAT GGTATT CT CACAGGAGGATT GCAT GAT 

20 CAAGGCAGTTAGGGGCGAT CT GAACTTT GT CAATAGGGCAAACCAGCGACT GAACCCCAT GCACCAACT CTT GAGGC 
ATTTCCAAAAAGATGCAAAAGTGCTTTTCCAGAACTGGGGAATTGAATCCATCGACAATGTGATGGGAATGATCGGA 
ATACTGCCCGACATGACCCCAAGCACGGAGATGTCGCTGAGAGGGATAAGAGTCAGCAAAATGGGAGTAGATGAATA 
CT CCAGCACGGAGAGAGT GGTAGT GAGTATT GACCGATTTTTAAGGGTTAGAGAT CAAAGAGGGAACGTACTATT GT 
CT CCCGAAGAAGT CAGT GAAACGCAAGGAACTGAGAAGTT GACAATAACTTATT CGT CAT CAAT GAT GT GGGAGAT C 

25 AAT GGCCCT GAGT CAGT GCTAGT CAACACTTAT CAAT GGATAAT CAGGAACT GGGAAATT GT GAAAATT CAAT GGTC 
ACAAGATCCCACAATGTTATACAACAAAATGGAATTTGAACCATTTCAGTCTCTTGTCCCTAAGGCAACCAGAAGCC 
GGTACAGT GGATT CGTAAGGACACT GTT CCAGCAAAT GCGGGAT GT GCTT GGGACATTT GACACT GT CCAAATAATA 
AAACTTCTCCCCTTTGCTGCTGCCCCACCAGAACAGAGTAGGATGCAATTTTCCTCATTGACTGTGAATGTGAGAGG 
AT CAGGGTTGAGGATACTGGTAAGAGGCAATTCTCCAGTATTCAATTACAACAAGGCAACCAAACGACTTACAGTTC 

30 TT GGAAAGGAT GCAGGT GCATT GACT GAAGATCCAGAT GAAGGCACAT CT GGGGT GGAGT CT GCT GT CCT GAGAGGA 
TTTCTCATTTTGGGCAAAGAAGACAAGAGATATGGCCCAGCATTAAGCATCAATGAACTGAGCAATCTTGCAAAAGG 
AGAGAAGGCTAAT GT GCTAATT GGGCAAGGGGACGTAGT GTT GGTAAT GAAACGAAAACGGGACT CTAGCATACTTA 
CT GACAGCCAGACAGCGACCAAAAGAATT CGGAT GGCCAT CAATTAG 

SEQ ID NO: 26 (NP, A/California/07/09) 
35 AT GGCGT CT CAAGGCACCAAACGAT CATAT GAACAAAT GGAGACT GGT GGGGAGCGCCAGGAT GCCACAGAAAT CAG 

AGCAT CT GT CGGAAGAAT GATT GGT GGAAT CGGGAGATT CTACAT CCAAAT GT GCACT GAACT CAAACT CAGT GATT 
AT GAT GGACGACTAAT CCAGAATAGCATAACAATAGAGAGGAT GGT GCTTT CT GCTTTT GAT GAGAGAAGAAATAAA 
TACCTAGAAGAGCATCCCAGTGCTGGGAAGGACCCTAAGAAAACAGGAGGACCCATATATAGAAGAGTAGACGGAAA 
GT GGAT GAGAGAACT CAT CCTTTAT GACAAAGAAGAAATAAGGAGAGTTT GGCGCCAAGCAAACAAT GGCGAAGAT G 

40 CAACAGCAGGT CTTACT CATAT CAT GATTT GGCATT CCAACCT GAAT GAT GCCACATAT CAGAGAACAAGAGCGCTT 
GTTCGCACCGGAATGGATCCCAGAATGTGCTCTCTAATGCAAGGTTCAACACTTCCCAGAAGGTCTGGTGCCGCAGG 
T GCT GCGGT GAAAGGAGTT GGAACAATAGCAAT GGAGTTAAT CAGAAT GAT CAAACGT GGAAT CAAT GACCGAAATT 
TCTGGAGGGGTGAAAATGGACGAAGGACAAGGGTTGCTTATGAAAGAATGTGCAATATCCTCAAAGGAAAATTTCAA 
ACAGCT GCCCAGAGGGCAAT GAT GGAT CAAGTAAGAGAAAGT CGAAACCCAGGAAACGCT GAGATT GAAGACCT CAT 

45 TTTCCTGGCACGGTCAGCACTCATTCTGAGGGGATCAGTTGCACATAAATCCTGCCTGCCTGCTTGTGTGTATGGGC 
TTGCAGTAGCAAGTGGGCATGACTTTGAAAGGGAAGGGTACTCACTGGTCGGGATAGACCCATTCAAATTACTCCAA 
AACAGCCAAGT GGT CAGCCT GAT GAGACCAAAT G 

SEQ ID NO: 27 (M, A/California/07/09) 
ATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTTTCTATCATCCCGTCAGGCCCCCTCAAAGCCGAGATCGCGCA 

50 GAGACT GGAAAGT GT CTTT GCAGGAAAGAACACAGAT CTT GAGGCT CT CAT GGAAT GGCTAAAGACAAGACCAAT CT 
TGTCACCTCTGACTAAGGGAATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAGA 
CGCTTT GT CCAAAAT GCCCTAAAT GGGAAT GGGGACCCGAACAACAT GGATAGAGCAGTTAAACTATACAAGAAGCT 
CAAAAGAGAAATAACGTT CCAT GGGGCCAAGGAGGT GT CACTAAGCTATT CAACT GGT GCACTT GCCAGTT GCAT GG 
GCCT CATATACAACAGGAT GGGAACAGT GACCACAGAAGCT GCTTTT GGT CTAGT GT GT GCCACTT GT GAACAGATT 

55 GCTGATTCACAGCATCGGTCTCACAGACAGATGGCTACTACCACCAATCCACTAATCAGGCATGAAAACAGAATGGT 
GCTGGCTAGCACTACGGCAAAGGCTATGGAACAGATGGCTGGATCGAGTGAACAGGCAGCGGAGGCCATGGAGGTTG 
CTAAT CAGACTAGGCAGAT GGTACAT GCAAT GAGAACTATT GGGACT CAT CCTAGCT CCAGT GCT GGT CT GAAAGAT 
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AAGAAGAGT T C T C T GAGAT CAT GAAGAT C T GT T C CAC CAT T GAAGAAC T CAGAC G G CAAAAATAAT GAAT T TAAC T T 
GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 25 (PB2, A/California/07/09) 
AT G GAGAGAATAAAAGAAC T GAGAGAT C TAAT GT C G CAGT C C C G CAC T C G C GAGATAC T CAC TAAGAC CAC T GT G GA 
C CAT AT G G C CAT AAT C AAAAAGT AC AC AT C AGGAAG G C AAGAGAAGAAC C C C G C AC T C AGAAT GAAGT G GAT GAT G G 
CAAT GAGAT AC C CAAT T AC AG C AGAC AAGAGAAT AAT G GAC AT GAT T C C AGAGAG GAAT GAAC AAG GAC AAAC C C T C 
T G GAG CAAAACAAAC GAT G C T G GAT CAGAC C GAGT GAT G GTAT CAC CTCTGGCC GTAACAT G GT G GAATAG GAAT G G 
CCCAACAACAAGTACAGTTCATTACCCTAAGGTATATAAAACTTATTTCGAAAAGGTCGAAAGGTTGAAACATGGTA 
CCTTCGGCCCTGTCCACTTCAGAAATCAAGTTAAAATAAGGAGGAGAGTTGATACAAACCCTGGCCATGCAGATCTC 
AGTGCCAAGGAGGCACAGGATGTGATTATGGAAGTTGTTTTCCCAAATGAAGTGGGGGCAAGAATACTGACATCAGA 
GT CACAG C T G G CAATAACAAAAGAGAAGAAAGAAGAG C T C CAG GAT T GTAAAAT TGCTCCCTT GAT G GT G G C GTACA 
TGCTAGAAAGAGAATTGGTCCGTAAAACAAGGTTTCTCCCAGTAGCCGGCGGAACAGGCAGTGTTTATATTGAAGTG 
T T G CAC T TAAC C CAAG G GAC GT G C T G G GAG CAGAT GTACAC T C CAG GAG GAGAAGT GAGAAAT GAT GAT GT T GAC CA 
AAGT T T GAT TAT C G C T G C TAGAAACATAGTAAGAAGAG CAG CAGT GT CAG CAGAC C CAT TAG CAT CTCTCTTG GAAA 
T GT G C CACAG CACACAGAT T G GAG GAGTAAG GAT G GT G GACAT C C T TAGACAGAAT C CAAC T GAG GAACAAG C C GTA 
GACATATGCAAGGCAGCAATAGGGTTGAGGATTAGCTCATCTTTCAGTTTTGGTGGGTTCACTTTCAAAAGGACAAG 
CGGATCAT CAGTCAAGAAAGAAGAAGAAGT GCTAACGGGCAACCT CCAAACACT GAAAATAAGAGTACATGAAGGGT 
AT GAAGAAT T CACAAT G GT T G G GAGAAGAG CAACAG C TAT T C T CAGAAAG G CAAC CAG GAGAT T GAT C CAGT T GATA 
GTAAG C G G GAGAGAC GAG CAGT CAAT T G C T GAG G CAATAAT T GT G G C CAT G GTAT T C T CACAG GAG GAT T G CAT GAT 
CAAGGCAGTTAGGGGCGATCTGAACTTTGTCAATAGGGCAAACCAGCGACTGAACCCCATGCACCAACTCTTGAGGC 
ATTTCCAAAAAGATGCAAAAGTGCTTTTCCAGAACTGGGGAATTGAATCCATCGACAATGTGATGGGAATGATCGGA 
ATAC T G C C C GACAT GAC C C CAAG CAC G GAGAT GT C G C T GAGAG G GATAAGAGT CAG CAAAAT G G GAGTAGAT GAATA 
CTCCAGCACGGAGAGAGTGGTAGTGAGTATTGACCGATTTTTAAGGGTTAGAGATCAAAGAGGGAACGTACTATTGT 
CTCCCGAAGAAGTCAGTGAAACGCAAGGAACTGAGAAGTTGACAATAACTTATTCGTCATCAATGATGTGGGAGATC 
AATGGCCCTGAGTCAGTGCTAGTCAACACTTATCAATGGATAATCAGGAACTGGGAAATTGTGAAAATTCAATGGTC 
ACAAGAT C C CACAAT GT TATACAACAAAAT G GAAT T T GAAC CAT T T CAGT CTCTTGTCCC TAAG G CAAC CAGAAG C C 
GGTACAGTGGATTCGTAAGGACACTGTTCCAGCAAATGCGGGATGTGCTTGGGACATTTGACACTGTCCAAATAATA 
AAACTTCTCCCCTTTGCTGCTGCCCCACCAGAACAGAGTAGGATGCAATTTTCCTCATTGACTGTGAATGTGAGAGG 
AT CAG G GT T GAG GATAC T G GTAAGAG G CAAT T C T C CAGTAT T CAAT TACAACAAG G CAAC CAAAC GAC T TACAGT T C 
TTGGAAAGGATGCAGGTGCATTGACTGAAGATCCAGATGAAGGCACATCTGGGGTGGAGTCTGCTGTCCTGAGAGGA 
T T T C T CAT T T T G G G CAAAGAAGACAAGAGATAT G G C C CAG CAT TAAG CAT CAAT GAAC T GAG CAAT C T T G CAAAAG G 
AGAGAAGGCTAATGTGCTAATTGGGCAAGGGGACGTAGTGTTGGTAATGAAACGAAAACGGGACTCTAGCATACTTA 
C T GACAG C CAGACAG C GAC CAAAAGAAT T C G GAT G G C CAT CAAT TAG 

SEQ ID NO: 26 (NP, A/California/07/09) 
AT G G C GT C T CAAG G CAC CAAAC GAT CATAT GAACAAAT G GAGAC T G GT G G G GAG C G C CAG GAT G C CACAGAAAT CAG 
AGCATCTGTCGGAAGAATGATTGGTGGAATCGGGAGATTCTACATCCAAATGTGCACTGAACTCAAACTCAGTGATT 
AT GAT G GAC GAC TAAT C CAGAATAG CATAACAATAGAGAG GAT GGTGCTTTCTGCTTTT GAT GAGAGAAGAAATAAA 
TAC C TAGAAGAG CAT C C CAGT G C T G G GAAG GAC C C TAAGAAAACAG GAG GAC C CATATATAGAAGAGTAGAC G GAAA 
GT G GAT GAGAGAAC T CAT C C T T TAT GACAAAGAAGAAATAAG GAGAGT T T G G C G C CAAG CAAACAAT G G C GAAGAT G 
CAACAG CAG GT C T TAC T CATAT CAT GAT T T G GCAT T C CAAC C T GAAT GAT G C CACATAT CAGAGAACAAGAG C G C T T 
GTTCGCACCGGAATGGATCCCAGAATGTGCTCTCTAATGCAAGGTTCAACACTTCCCAGAAGGTCTGGTGCCGCAGG 
TGCTGCGGT GAAAG GAGT T G GAACAATAG CAAT G GAGT TAAT CAGAAT GAT CAAAC GT G GAAT CAAT GAC C GAAAT T 
TCTGGAGGGGTGAAAATGGACGAAGGACAAGGGTTGCTTATGAAAGAATGTGCAATATCCTCAAAGGAAAATTTCAA 
ACAG C T G C C CAGAG G G CAAT GAT G GAT CAAGTAAGAGAAAGT C GAAAC C CAG GAAAC G C T GAGAT T GAAGAC C T CAT 
TTTCCTGGCACGGTCAGCACTCATTCTGAGGGGATCAGTTGCACATAAATCCTGCCTGCCTGCTTGTGTGTATGGGC 
TTGCAGTAGCAAGTGGGCATGACTTTGAAAGGGAAGGGTACTCACTGGTCGGGATAGACCCATTCAAATTACTCCAA 
AACAGCCAAGT GGT CAGCCT GATGAGACCAAAT G 

SEQ ID NO: 27 (M, A/California/07/09) 
ATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTTTCTATCATCCCGTCAGGCCCCCTCAAAGCCGAGATCGCGCA 
GAGAC T G GAAAGT GT C T T T G CAG GAAAGAACACAGAT CTT GAG G C T C T CAT G GAAT G G C TAAAGACAAGAC CAAT C T 
TGTCACCTCTGACTAAGGGAATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAGA 
CGCTTTGTC CAAAAT G C C C TAAAT G G GAAT G GG GAC C C GAACAACAT G GATAGAG CAGT TAAAC TATACAAGAAG C T 
CAAAAGAGAAATAACGTTCCATGGGGCCAAGGAGGTGTCACTAAGCTATTCAACTGGTGCACTTGCCAGTTGCATGG 
GCCTCATATACAACAGGATGGGAACAGTGACCACAGAAGCTGCTTTTGGTCTAGTGTGTGCCACTTGTGAACAGATT 
G C T GAT T CACAG CAT C G GT C T CACAGACAGAT GGCTACTAC CAC CAAT C CAC TAAT CAG G CAT GAAAACAGAAT GGT 
GCTGGCTAGCACTACGGCAAAGGCTATGGAACAGATGGCTGGATCGAGTGAACAGGCAGCGGAGGCCATGGAGGTTG 
CTAATCAGACTAGGCAGATGGTACATGCAATGAGAACTATTGGGACTCATCCTAGCTCCAGTGCTGGTCTGAAAGAT 
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GACCTT CTT GAAAATTT GCAGGCCTACCAGAAGCGAAT GGGAGT GCAGAT GCAGCGATT CAAGT GAT CCT CT CGT CA 

TT GCAGCAAATAT CATT GGGAT CTT GCACCT GATATT GT GGATTACT GAT CGT CTTTTTTT CAAAT GTATTTAT CGT 

CGCTTTAAATACGGTTTGAAAAGAGGGCCTTCTACGGAAGGAGTGCCTGAGTCCATGAGGGAAGAATATCAACAGGA 

ACAGCAGAGT GCT GT G GAT GT T GAC GAT G GT CAT T T T GT CAACATAGAGCTAGAGTAA 

5 SEQ ID NO: 28 (NS, A/California/07/09) 
AT GGACT CCAACACCAT GT CAAGCTTT CAGGTAGACT GTTT CCTTT GGCATAT CCGCAAGCGATTT GCAGACAAT GG 

ATT GGGT GAT GCCCCATT CCTT GAT CGGCT CCGCCGAGAT CAAAAGT CCTTAAAAGGAAGAGGCAACACCCTT GGCC 

TCGATATCGAAACAGCCACTCTTGTTGGGAAACAAATCGTGGAATGGATCTTGAAAGAGGAATCCAGCGAGACACTT 

AGAAT GACAATT GCAT CT GTACCTACTT CGCGCTACCTTT CT GACAT GACCCT CGAGGAAAT GT CACGAGACT GGTT 

10 CAT GCT CAT GCCTAGGCAAAAGATAATAGGCCCT CTTT GCGT GCGATT GGAC CAGGCGAT CAT GGAAAAGAACATAG 

TACT GAAAGCGAACTT CAGT GTAAT CTTTAACCGAT TAGAGACCTT GATACTACTAAGGGCTTT CACT GAGGAGGGA 

GCAATAGTT GGAGAAATTT CAC CAT TACCTT CT CTT CCAGGACATACTTAT GAGGAT GT CAAAAAT GCAGTT GGGGT 

CCT CAT CGGAGGACTT GAAT GGAAT GGTAACACGGTT CGAGT CT CT GAAAATATACAGAGATT CGCTT GGAGAAACT 

GT GAT GAGAAT GGGAGACCT T CAC TAC C T CCAGAGCAGAAAT GAAAAGT GGCGAGAGCAAT T GGGACAGAAAT T T GA 

15 GGAAATAAGGT GGT TAATT GAAGAAAT GCGGCACAGATT GAAAGCGACAGAGAATAGTTT CGAACAAATAACATT TA 

T GCAAGCCTTACAACTACT GCTT GAAGTAGAACAAGAGATAAGAGCTTT CT CGTTT CAGCTTATTTAAT GATAAAAA 

ACACCCTTGTTTCTACTG 

SEQ ID NO: 29 (A/Texas/1/77 PB1) 
MDVNPTLLFLKI PAQNAI S TT FPYT GDP PYSHGT GT GYTMDTVNRTHQYS EKGKWTTNT ET GAPQLNP I DGPLPEDN 

20 EP S GYAQT DCVLEAMAFLEESHP GI FENS CLETMEVVQQT RVDRLTQGRQTYDWT LNRNQ PAATALANT I EVFRSNG 

LTANES GRL I DFLKDVMESMDKEEI EI TTHFQRKRRVRDNMT KKMVTQRT I GKKKQRVNKRS YL I RALT LNTMT KDA 

ERGKLKRRAIAT P GMQ I RGFVYFVET LARS I CEKLEQ S GL PVGGNEKKAKLANVVRKMMTNS QDT EL S FT I T GDNT K 

WNENQNP RMFLAMI TYI T KNQ P EWFRNI LS IAP IMFSNKMARLGKGYMFES KRMKLRTQ I PAEMLAS I DLKYFNEST 

RKKI EKI RP LL I DGTASLS PGMMMGMFNMLSTVLGVS I LNLGQKKYTKTTYWWDGLQS SDDFALIVNAPNHEGIQAG 

25 VDRFYRT CKLVGINMS KKKS YINRT GT FEET SFFYRYGEVANFSMELP S FGVSGINESADMS I GVTVIKNNMINNDL 

GPATAQMALQL FI KDYRYTYRCHRGDTQ I QT RRS FELKKLWEQT RS KAGLLVS DGGPNLYNI RNLHI PEVCLKWELM 

DEDYQGRLCNPLNPFVSHKEI ESVNNAVVMPAHGPAKSMEYDAVATTHSWI PKRNRS I LNT SQRGI LEDEQMYQKCC 

NLFEKFFP S S SYRRPVGI S SMVEAMVSRARI DART DEES GRI KKEEFS EIMKI CST I EELRRQKQ 

SEQ ID NO: 30 (A/Puerto Rico/8/34 PA) 
30 MEDFVRQCFNPMIVELAEKTMKEYGEDLKI ETNKFAAI CTHLEVCFMYSDFHFINEQGES I IVELGDPNALLKHRFE 

I I EGRDRTMAWTVVNS I CNTTGAEKPKFLPDLYDYKENRFI EI GVT RREVHI YYLEKANKI KS EKTHI HI FS FT GEE 

MAT KADYT LDEES RARI KT RL FT I RQEMAS RGLWDS FRQ S ERGEET I EERFEITGTMRKLADQSLPPNFS SLENFRA 

YVDGFEPNGYI EGKLSQMSKEVNARI EP FLKTT P RP LRL PNGP P C S QRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 

KCMRTFFGWKEPNVVKPHEKGINPNYLLSWKQVLAELQDI ENEEKI P KT KNMKKT SQLKWALGENMAPEKVDFDDCK 

35 DVGDLKQYDS DEP ELRS LASWI QNEFNKACELT DS SWI ELDEI GEDVAP I EHIASMRRNYFT SEVSHCRATEYIMKG 

VYINTALLNAS CAAMDDFQL I PMI SKCRTKEGRRKTNLYGFI I KGRSHLRNDT DVVNEVSMEFS LT DP RLEPHKWEK 

YCVLEI GDML I RSAI GQVSRPMFLYVRTNGT SKI KMKWGMEMRRCLLQ S LQQ I ESMI EAES SVKEKDMTKEFFENKS 

ETWP I GES PKGVEES S I GKVCRTLLAKSVFNSLYAS PQLEGFSAES RKLLL IVQALRDNLEP GT FDLGGLYEAI EEC 

LINDPWVLLNASWFNS FLTHALS 

40 SEQ ID NO: 31 (A/Puerto Rico/8/34 NP) 
MASQGTKRSYEQMETDGERQNATEIRASVGKMI GGI GRFYI QMCT ELKL S DYEGRL I QNS LT I ERMVLSAFDERRNK 

YLEEHP SAGKDP KKT GGP I YRRVNGKWMREL I LYDKEEI RRIWRQANNGDDATAGLTHMMIWHSNLNDATYQRT RAL 

VRT GMD P RMC S LMQGS T L P RRS GAAGAAVKGVGTMVMELVRMI KRGI NDRN FWRGENGRKT RIAYERMCN I LKGKFQ 

TAAQKAMMDQVRES RDP GNAEFEDLT FLARSAL I LRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGI DP FRLLQ 

45 NS QVYS L I RPNENPAHKS 

SEQ ID NO: 32 (A/Puerto Rico/8/34 M) 
MS LLT EVETYVL SII PS GP LKAEIAQRLEDVFAGKNT DLEVLMEWLKT RP ILS P LT KGI LGFVFTLTVP SERGLQRR 

RFVQNALNGNGD PNNMDKAVKLYRKLKREI T FHGAKEI S L S YSAGALAS CMGL I YNRMGAVTT EVAFGLVCAT CEQ I 

AD S QHRS HRQMVTTTN P L I RHENRMVLAS TTAKAMEQMAGS S EQAAEAMEVAS QARQMVQAMRT I GTHP S S SAGLKN 

50 DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 33 (PB2, A/New Caledonia/20/1999) 
AATAT GGAAAGAATAAAAGAGCTAAGGAAT CTGAT GT CACAAT CT CGCACT CGCGAGATACTTACAAAAACTACT GT 

AGACCACAT GGCCATAAT CAAGAAATACACAT CAG GAAGACAG GAGAAAAAC C CAT CAC T TAGAAT GAAAT G GAT GA 
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GACCTTCTTGAAAATTTGCAGGCCTACCAGAAGCGAATGGGAGTGCAGATGCAGCGATTCAAGTGATCCTCTCGTCA 
TTGCAGCAAATATCATTGGGATCTTGCACCTGATATTGTGGATTACTGATCGTCTTTTTTTCAAATGTATTTATCGT 
CGCTTTAAATACGGTTTGAAAAGAGGGCCTTCTACGGAAGGAGTGCCTGAGTCCATGAGGGAAGAATATCAACAGGA 
ACAGCAGAGTGCTGTGGATGTTGACGATGGTCATTTTGTCAACATAGAGCTAGAGTAA 

5 SEQ ID NO: 28 (NS, A/California/07/09) 
ATGGACTCCAACACCATGTCAAGCTTTCAGGTAGACTGTTTCCTTTGGCATATCCGCAAGCGATTTGCAGACAATGG 
ATTGGGTGATGCCCCATTCCTTGATCGGCTCCGCCGAGATCAAAAGTCCTTAAAAGGAAGAGGCAACACCCTTGGCC 
T C GATAT C GAAACAG C CAC TCTTGTTGG GAAACAAAT C GT G GAAT G GAT CTT GAAAGAG GAAT C CAG C GAGACAC T T 
AGAATGACAATTGCATCTGTACCTACTTCGCGCTACCTTTCTGACATGACCCTCGAGGAAATGTCACGAGACTGGTT 

10 CATGCTCATGCCTAGGCAAAAGATAATAGGCCCTCTTTGCGTGCGATTGGACCAGGCGATCATGGAAAAGAACATAG 
TACT GAAAG C GAAC T T CAGT GTAAT CTT TAAC C GAT TAGAGAC CTT GATAC TAC TAAG G G C T T T CAC T GAG GAG G GA 
GCAATAGTTGGAGAAATTTCACCATTACCTTCTCTTCCAGGACATACTTATGAGGATGTCAAAAATGCAGTTGGGGT 
CCTCATCGGAGGACTTGAATGGAATGGTAACACGGTTCGAGTCTCTGAAAATATACAGAGATTCGCTTGGAGAAACT 
GT GAT GAGAAT G G GAGAC CTT CAC TAC C T C CAGAG CAGAAAT GAAAAGT G G C GAGAG CAAT T G G GACAGAAAT T T GA 

15 G GAAATAAG GT GGT TAAT T GAAGAAAT G C G G CACAGAT T GAAAG C GACAGAGAATAGT T T C GAACAAATAACAT T TA 
T G CAAG C C T TACAAC TACTGCTT GAAGTAGAACAAGAGATAAGAG CTTTCTCGTTT CAG C T TAT T TAAT GATAAAAA 
ACACCCTTGTTTCTACTG 

SEQ ID NO: 29 (A/Texas/1/77 PBl) 
MDVNPTLLFLKIPAQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSEKGKWTTNTETGAPQLNPIDGPLPEDN 

20 EPSGYAQTDCVLEAMAFLEESHPGIFENSCLETMEWQQTRVDRLTQGRQTYDWTLNRNQPAATALANTIEVFRSNG 
LTANESGRLIDFLKDVMESMDKEEIEITTHFQRKRRVRDNMTKKMVTQRTIGKKKQRVNKRSYLIRALTLNTMTKDA 
ERGKLKRRAIATPGMQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANWRKMMTNSQDTELSFTITGDNTK 
WNENQNPRMFLAMITYITKNQPEWFRNILSIAPIMFSNKMARLGKGYMFESKRMKLRTQIPAEMLASIDLKYFNEST 
RKKIEKIRPLLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTYWWDGLQSSDDFALIVNAPNHEGIQAG 

25 VDRFYRTCKLVGINMSKKKSYINRTGTFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKKLWEQTRSKAGLLVSDGGPNLYNIRNLHIPEVCLKWELM 
DEDYQGRLCNPLNPFVSHKEIESWNAWMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGILEDEQMYQKCC 
NLFEKFFPSSSYRRPVGISSMVEAMVSRARIDARIDFESGRIKKEEFSEIMKICSTIEELRRQKQ 

SEQ ID NO: 30 (A/Puerto Rico/8/34 PA) 
30 MEDFVRQCFNPMIVELAEKTMKEYGEDLKIETNKFAAICTHLEVCFMYSDFHFINEQGESIIVELGDPNALLKHRFE 

IIEGRDRTMAWTWNSICNTTGAEKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEE 
MATKADYTLDEESRARIKTRLFTIRQEMASRGLWDSFRQSERGEETIEERFEITGTMRKLADQSLPPNFSSLENFRA 
YVDGFEPNGYIEGKLSQMSKEVNARIEPFLKTTPRPLRLPNGPPCSQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMRTFFGWKEPNWKPHEKGINPNYLLSWKQVLAELQDIENEEKIPKTKNMKKTSQLKWALGENMAPEKVDFDDCK 

35 DVGDLKQYDSDEPELRSLASWIQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTSEVSHCRATEYIMKG 
VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 
YCVLEIGDMLIRSAIGQVSRPMFLYVRTNGTSKIKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 
ETWPIGESPKGVEESSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLIVQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALS 

40 SEQ ID NO: 31 (A/Puerto Rico/8/34 NP) 
MASQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGRFYIQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNK 
YLEEHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIWRQANNGDDATAGLTHMMIWHSNLNDATYQRTRAL 
VRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRGINDRNFWRGENGRKTRIAYERMCNILKGKFQ 
TAAQKAMMDQVRESRDPGNAEFEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEREGYSLVGIDPFRLLQ 

45 NSQVYSLIRPNENPAHKS 

SEQ ID NO: 32 (A/Puerto Rico/8/34 M) 
MSLLTEVETYVLSIIPSGPLKAEIAQRLEDVFAGKNTDLEVLMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 
RFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEISLSYSAGALASCMGLIYNRMGAVTTEVAFGLVCATCEQI 
ADSQHRSHRQMVTTTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEVASQARQMVQAMRTIGTHPSSSAGLKN 

50 DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 33 (PB2, A/New Caledonia/20/1999) 
AATAT G GAAAGAATAAAAGAG C TAAG GAAT C T GAT GT CACAAT C T C G CAC T C G C GAGATAC T TACAAAAAC TAC T GT 
AGAC CACAT G G C CATAAT CAAGAAATACACAT CAG GAAGACAG GAGAAAAAC C CAT CAC T TAGAAT GAAAT G GAT GA 
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TGGCAATGAAATACCCAATTACAGCAGATAAAAGGATAACGGAAATGATTCCTGAAAGAAATGAGCAAGGACAGACA 
TTAT GGAGTAAAGT GAAT GAT GCCGGATCAGACCGAGT GAT GATATCACCCCT GGCT GT GACAT GGT GGAACAGAAA 
TGGACCAGTGGCAAGTACTATTCACTATCCAAAAATCTACAAAACTTACTTTGAAAAGGTTGAAAGGTTAAAACATG 
GAACCTTTGGCCCTGTACACTTTAGAAACCAAGTCAAAATACGCCGAAGAGTCGACATAAATCCTGGTCATGCAGAC 

5 CTCAGCGCCAAGGAGGCACAGGATGTAATTATGGAAGTTGTTTTCCCTAATGAAGTGGGAGCCAGAATACTAACATC 
AGAATCGCAATTAACGATAACCAAGGAGAAAAAAGAAGAACTCCAGAATTGCAAAATTTCCCCTTTGATGGTTGCAT 
ACAT GTTAGAGAGGGAACTT GTCCGCAAAACGAGATTTCTCCCGGTT GCT GGT GGAACAAGCAGT GT GTACATT GAA 
GTTTT GCATTTAACACAGGGGACAT GCT GGGAGCAGAT GTACACTCCAGGT GGGGAGGT GAGGAAT GAT GAT GTT GA 
TCAAAGCCTAATTATTGCTGCTAGGAACATAGTGAGAAGAGCTGCAGTATCAGCAGATCCACTAGCATCTTTATTAG 

10 AAAT GT GCCATAGCACACAGATT GGT GGGACAAGGAT GGT GGATATTCTCAGGCAAAATCCAACAGAAGAACAAGCT 
GT GGATATAT GCAAAGCAGCAAT GGGGCT GAGAATCAGTTCATCCTTCAGTTTT GGCGGATTCACATTTAAGAGAAC 
AAGT GGATCATCAGTCAAAAGGGAGGAAGAAGT GCTCACGGGCAATCT GCAAACATT GAAGCTAACT GT GCAT GAGG 
GATATGAAGAGTTCACAATGGTTGGGAAAAGGGCAACAGCTATACTCAGAAAAGCAACCAGGAGATTGATTCAACTA 
ATAGTGAGTGGAAGAGACGAACAGTCAATAGTCGAAGCAATAGTTGTAGCAATGGTATTCTCACAAGAAGATTGCAT 

15 GGTAAAAGCAGTTAGAGGTGATCTGAATTTCGTTAATAGAGCGAATCAGCGGTTGAATCCCATGCATCAACTTTT GA 
GACATTTTCAGAAGGAT GCTAAAGTACTTTTCTTAAATT GGGGAATT GAACCTATCGACAAT GT GAT GGGAAT GATT 
GGGATATTACCT GATAT GACTCCAAGTACCGAGAT GTCAAT GAGAGGAGT GAGAGTCAGCAAAAT GGGT GTAGAT GA 
ATACTCCAATGCTGAAAGGGTAGTGGTGAGCATTGACCGTTTTTTGAGAGTCCGGGACCAAAGAGGAAATGTACTAC 
TGTCTCCAGAGGAAGTCAGTGAAACACAGGGAACAGAGAAACTGACAATAACTTACTCTTCATCAATGATGTGGGAG 

20 ATTAATGGCCCTGAGTCAGTGTTGATCAATACCTATCAGTGGATCATCAGAAACTGGGAGACTGTTAAAATTCAGTG 
GTCTCAGAACCCTACAATGCTATACAATAAAATGGAATTCGAGCCATTTCAGTCTCTAGTCCCTAAGGCCATTAGAG 
GCCAATACAGT GGGTTT GTTAGAACTCTATTTCAACAAAT GAGGGAT GT GCTT GGGACCTTT GACACAACTCAGATA 
ATAAAACTTCTTCCCTTTGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAATTCTCATCATTGACTGTGAATGTGAG 
GGGATCAGGAATGAGAATACTTGTAAGGGGTAATTCTCCAGTATTCAACTACAACAAGACCACTAAGAGACTCACAG 

25 TCCTCGGAAAGGATGCTGGCACTTTAACTGAAGACCCAGATGAAGGCACAGCTGGAGTGGAATCTGCTGTTCTAAGG 
GGATTCCTCATTCTAGGCAAAGAAGATAGAAGATATGGGCCAGCATTAAGCATCAATGAATTGAGCAACCTTGCGAA 
AGGGGAAAAAGCTAAT GT GCTAATT GGGCAAGGGGACGTAGT GTT GGTAAT GAAACGAAAACGGGACTCTAGCATAC 
T TACT GACAGCCAGACAGCGACCAAAAGAATTCGGAT GGCCATCAATTAATTTCGAATAATTTAAA 

SEQ ID NO: 34 (encodes the same amino acid sequence as SEQ ID NO: 33) 
30 AT GGAACGCATTAAAGAACT GCGCAACCT GATGAGCCAGAGCCGCACCCGCGAAATTCT GACCAAAACCACCGT GGA 

TCATAT GGCGATTATTAAAAAATATACCAGCGGCCGCCAGGAAAAAAACCCGAGCCT GCGCAT GAAAT GGAT GAT GG 
CGATGAAATATCCGATTACCGCGGATAAACGCATTACCGAAATGATTCCGGAACGCAACGAACAGGGCCAGACCCTG 
TGGAGCAAAGTGAACGATGCGGGCAGCGATCGCGTGATGATTAGCCCGCTGGCGGTGACCTGGTGGAACCGCAACGG 
CCCGGTGGCGAGCACCATTCATTATCCGAAAATTTATAAAACCTATTTTGAAAAAGTGGAACGCCTGAAACATGGCA 

35 CCTTTGGCCCGGTGCATTTTCGCAACCAGGTGAAAATTCGCCGCCGCGTGGATATTAACCCGGGCCATGCGGATCTG 
AGCGCGAAAGAAGCGCAGGATGTGATTATGGAAGTGGTGTTTCCGAACGAAGTGGGCGCGCGCATTCTGACCAGCGA 
AAGCCAGCT GACCATTACCAAAGAAAAAAAAGAAGAACT GCAGAACT GCAAAATTAGCCCGCT GAT GGT GGCGTATA 
TGCTGGAACGCGAACTGGTGCGCAAAACCCGCTTTCTGCCGGTGGCGGGCGGCACCAGCAGCGTGTATATTGAAGTG 
CT GCATCT GACCCAGGGCACCT GCT GGGAACAGAT GTATACCCCGGGCGGCGAAGT GCGCAACGAT GAT GT GGATCA 

40 GAGCCTGATTATTGCGGCGCGCAACATTGTGCGCCGCGCGGCGGTGAGCGCGGATCCGCTGGCGAGCCTGCTGGAAA 
TGTGCCATAGCACCCAGATTGGCGGCACCCGCATGGTGGATATTCTGCGCCAGAACCCGACCGAAGAACAGGCGGTG 
GATATTTGCAAAGCGGCGATGGGCCTGCGCATTAGCAGCAGCTTTAGCTTTGGCGGCTTTACCTTTAAACGCACCAG 
CGGCAGCAGCGTGAAACGCGAAGAAGAAGTGCTGACCGGCAACCTGCAGACCCTGAAACTGACCGTGCATGAAGGCT 
ATGAAGAATTTACCATGGTGGGCAAACGCGCGACCGCGATTCTGCGCAAAGCGACCCGCCGCCTGATTCAGCTGATT 

45 GTGAGCGGCCGCGATGAACAGAGCATTGTGGAAGCGATTGTGGTGGCGATGGTGTTTAGCCAGGAAGATTGCATGGT 
GAAAGCGGTGCGCGGCGATCTGAACTTTGTGAACCGCGCGAACCAGCGCCTGAACCCGATGCATCAGCTGCTGCGCC 
ATTTTCAGAAAGAT GCGAAAGT GCT GTTTCT GAACT GGGGCATT GAACCGATT GATAACGT GAT GGGCAT GATT GGC 
ATTCTGCCGGATATGACCCCGAGCACCGAAATGAGCATGCGCGGCGTGCGCGTGAGCAAAATGGGCGTGGATGAATA 
TAGCAACGCGGAACGCGTGGTGGTGAGCATTGATCGCTTTCTGCGCGTGCGCGATCAGCGCGGCAACGTGCTGCTGA 

50 GCCCGGAAGAAGTGAGCGAAACCCAGGGCACCGAAAAACTGACCATTACCTATAGCAGCAGCATGATGTGGGAAATT 
AACGGCCCGGAAAGCGTGCTGATTAACACCTATCAGTGGATTATTCGCAACTGGGAAACCGTGAAAATTCAGTGGAG 
CCAGAACCCGACCATGCTGTATAACAAAATGGAATTTGAACCGTTTCAGAGCCTGGTGCCGAAAGCGATTCGCGGCC 
AGTATAGCGGCTTTGTGCGCACCCTGTTTCAGCAGATGCGCGATGTGCTGGGCACCTTTGATACCACCCAGATTATT 
AAACTGCTGCCGTTTGCGGCGGCGCCGCCGAAACAGAGCCGCATGCAGTTTAGCAGCCTGACCGTGAACGTGCGCGG 

55 CAGCGGCATGCGCATTCTGGTGCGCGGCAACAGCCCGGTGTTTAACTATAACAAAACCACCAAACGCCTGACCGTGC 
TGGGCAAAGATGCGGGCACCCTGACCGAAGATCCGGATGAAGGCACCGCGGGCGTGGAAAGCGCGGTGCTGCGCGGC 
TTTCTGATTCTGGGCAAAGAAGATCGCCGCTATGGCCCGGCGCTGAGCATTAACGAACTGAGCAACCTGGCGAAAGG 
CGAAAAAGCGAACGT GCT GATT GGCCAGGGCGAT GT GGT GCT GGT GAT GAAACGCAAACGCGATAGCAGCATTCT GA 
CCGATAGCCAGACCGCGACCAAACGCATTCGCATGGCGATTAAC 
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T G G CAAT GAAATAC C CAAT TACAG CAGATAAAAG GATAAC G GAAAT GAT T C C T GAAAGAAAT GAG CAAG GACAGACA 
TTATGGAGTAAAGTGAATGATGCCGGATCAGACCGAGTGATGATATCACCCCTGGCTGTGACATGGTGGAACAGAAA 
T G GAC CAGT G G CAAGTAC TAT T CAC TAT C CAAAAAT C TACAAAAC T TAC T T T GAAAAG GT T GAAAG GT TAAAACAT G 
GAAC CTTTGGCCCT GTACAC T T TAGAAAC CAAGT CAAAATAC G C C GAAGAGT C GACATAAAT C C T G GT CAT G CAGAC 
C T CAG C G C C AAG GAG G CAC AG GAT GT AAT TAT G GAAGT TGTTTTCCC T AAT GAAGT G G GAG C C AGAAT AC T AAC AT C 
AGAAT C G CAAT TAAC GATAAC CAAG GAGAAAAAAGAAGAAC T C CAGAAT T G CAAAAT TTCCCCTTT GAT G GT T G CAT 
ACATGTTAGAGAGGGAACTTGTCCGCAAAACGAGATTTCTCCCGGTTGCTGGTGGAACAAGCAGTGTGTACATTGAA 
GTTTTGCATTTAACACAGGGGACATGCTGGGAGCAGATGTACACTCCAGGTGGGGAGGTGAGGAATGATGATGTTGA 
T CAAAG C C TAAT TAT TGCTGCTAG GAACATAGT GAGAAGAG C T G CAGTAT CAG CAGAT C CAC TAG CAT CTT TAT TAG 
AAAT GT G C CATAG CACACAGAT T G GT G G GACAAG GAT G GT G GATAT T C T CAG G CAAAAT C CAACAGAAGAACAAG C T 
GT G GATATAT G CAAAG CAG CAAT G G G G C T GAGAAT CAGT T CAT C C T T CAGT T T T G G C G GAT T CACAT T TAAGAGAAC 
AAGT GGAT CAT CAGT CAAAAGGGAGGAAGAAGT GCT CAC GGGCAAT CT GCAAACAT T GAAGCTAACT GT GCAT GAGG 
GATAT GAAGAGT T CACAAT G GT T G G GAAAAG GG CAACAG C TATAC T CAGAAAAG CAAC CAG GAGAT T GAT T CAAC TA 
ATAGTGAGTGGAAGAGACGAACAGTCAATAGTCGAAGCAATAGTTGTAGCAATGGTATTCTCACAAGAAGATTGCAT 
G GTAAAAG CAGT TAGAG GT GAT C T GAAT T T C GT TAATAGAG C GAAT CAG C G GT T GAAT C C CAT G CAT CAAC T T T T GA 
GACAT T T T CAGAAGGAT GCTAAAGTACT T T T CT TAAAT T GGGGAAT T GAAC CTAT C GACAAT GT GAT GGGAAT GAT T 
GGGATATTACCTGATATGACTCCAAGTACCGAGATGTCAATGAGAGGAGTGAGAGTCAGCAAAATGGGTGTAGATGA 
ATACTCCAATGCTGAAAGGGTAGTGGTGAGCATTGACCGTTTTTTGAGAGTCCGGGACCAAAGAGGAAATGTACTAC 
T GT CT CCAGAGGAAGT CAGT GAAACACAG G GAACAGAGAAAC T GACAATAAC TTACTCTT CATCAAT GAT GT GGGAG 
ATTAATGGCCCTGAGTCAGTGTTGATCAATACCTATCAGTGGATCATCAGAAACTGGGAGACTGTTAAAATTCAGTG 
GT C T CAGAAC C C TACAAT G C TATACAATAAAAT G GAAT T C GAG C CAT T T CAGT CTCTAGTCCC TAAG G C CAT TAGAG 
G C CAATACAGT GGGTTTGT TAGAAC T C TAT T T CAACAAAT GAG G GAT GTGCTTGG GAC C T T T GACACAAC T CAGATA 
ATAAAACTTCTTCCCTTTGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAATTCTCATCATTGACTGTGAATGTGAG 
G G GAT CAG GAAT GAGAATAC T T GTAAG G G GTAAT T C T C CAGTAT T CAAC TACAACAAGAC CAC TAAGAGAC T CACAG 
TCCTCGGAAAGGATGCTGGCACTTTAACTGAAGACCCAGATGAAGGCACAGCTGGAGTGGAATCTGCTGTTCTAAGG 
G GAT T C C T CAT T C TAG G CAAAGAAGATAGAAGATAT G G G C CAG CAT TAAG CAT CAAT GAAT T GAG CAAC C T T G C GAA 
AGGGGAAAAAGCTAATGTGCTAATTGGGCAAGGGGACGTAGTGTTGGTAATGAAACGAAAACGGGACTCTAGCATAC 
T TAC T GACAG C CAGACAG C GAC CAAAAGAAT T C G GAT G G C CAT CAAT TAAT T T C GAATAAT T TAAA 

SEQ ID NO: 34 (encodes the same amino acid sequence as SEQ ID NO: 33) 
ATGGAACGCATTAAAGAACTGCGCAACCTGATGAGCCAGAGCCGCACCCGCGAAATTCTGACCAAAACCACCGTGGA 
TCATATGGCGATTATTAAAAAATATACCAGCGGCCGCCAGGAAAAAAACCCGAGCCTGCGCATGAAATGGATGATGG 
C GAT GAAAT AT C C GAT T AC C G C G GAT AAAC G CAT T AC C GAAAT GAT T C C G GAAC G CAAC GAAC AG G G C C AGAC C C T G 
TGGAGCAAAGTGAACGATGCGGGCAGCGATCGCGTGATGATTAGCCCGCTGGCGGTGACCTGGTGGAACCGCAACGG 
CCCGGTGGCGAGCACCATTCATTATCCGAAAATTTATAAAACCTATTTTGAAAAAGTGGAACGCCTGAAACATGGCA 
CCTTTGGCCCGGTGCATTTTCGCAACCAGGTGAAAATTCGCCGCCGCGTGGATATTAACCCGGGCCATGCGGATCTG 
AGCGCGAAAGAAGCGCAGGATGTGATTATGGAAGTGGTGTTTCCGAACGAAGTGGGCGCGCGCATTCTGACCAGCGA 
AAG C CAG C T GAC CAT TAC CAAAGAAAAAAAAGAAGAAC T G CAGAAC T G CAAAAT TAGCCCGCT GAT G GT G G C GTATA 
TGCTGGAACGCGAACTGGTGCGCAAAACCCGCTTTCTGCCGGTGGCGGGCGGCACCAGCAGCGTGTATATTGAAGTG 
CTGCATCTGACCCAGGGCACCTGCTGGGAACAGATGTATACCCCGGGCGGCGAAGTGCGCAACGATGATGTGGATCA 
GAGCCTGATTATTGCGGCGCGCAACATTGTGCGCCGCGCGGCGGTGAGCGCGGATCCGCTGGCGAGCCTGCTGGAAA 
TGTGCCATAGCACCCAGATTGGCGGCACCCGCATGGTGGATATTCTGCGCCAGAACCCGACCGAAGAACAGGCGGTG 
GATATTTGCAAAGCGGCGATGGGCCTGCGCATTAGCAGCAGCTTTAGCTTTGGCGGCTTTACCTTTAAACGCACCAG 
CGGCAGCAGCGTGAAACGCGAAGAAGAAGTGCTGACCGGCAACCTGCAGACCCTGAAACTGACCGTGCATGAAGGCT 
ATGAAGAATTTACCATGGTGGGCAAACGCGCGACCGCGATTCTGCGCAAAGCGACCCGCCGCCTGATTCAGCTGATT 
GTGAGCGGCCGCGATGAACAGAGCATTGTGGAAGCGATTGTGGTGGCGATGGTGTTTAGCCAGGAAGATTGCATGGT 
GAAAGCGGTGCGCGGCGATCTGAACTTTGTGAACCGCGCGAACCAGCGCCTGAACCCGATGCATCAGCTGCTGCGCC 
ATTTTCAGAAAGATGCGAAAGTGCTGTTTCTGAACTGGGGCATTGAACCGATTGATAACGTGATGGGCATGATTGGC 
ATTCTGCCGGATATGACCCCGAGCACCGAAATGAGCATGCGCGGCGTGCGCGTGAGCAAAATGGGCGTGGATGAATA 
TAGCAACGCGGAACGCGTGGTGGTGAGCATTGATCGCTTTCTGCGCGTGCGCGATCAGCGCGGCAACGTGCTGCTGA 
G C C C G GAAGAAGT GAG C GAAAC C CAG G G CAC C GAAAAAC T GAC CAT TAC C TATAG CAG CAG CAT GAT GT G G GAAAT T 
AACGGCCCGGAAAGCGTGCTGATTAACACCTATCAGTGGATTATTCGCAACTGGGAAACCGTGAAAATTCAGTGGAG 
CCAGAACCCGACCATGCTGTATAACAAAATGGAATTTGAACCGTTTCAGAGCCTGGTGCCGAAAGCGATTCGCGGCC 
AGTATAGCGGCTTTGTGCGCACCCTGTTTCAGCAGATGCGCGATGTGCTGGGCACCTTTGATACCACCCAGATTATT 
AAACTGCTGCCGTTTGCGGCGGCGCCGCCGAAACAGAGCCGCATGCAGTTTAGCAGCCTGACCGTGAACGTGCGCGG 
CAGCGGCATGCGCATTCTGGTGCGCGGCAACAGCCCGGTGTTTAACTATAACAAAACCACCAAACGCCTGACCGTGC 
TGGGCAAAGATGCGGGCACCCTGACCGAAGATCCGGATGAAGGCACCGCGGGCGTGGAAAGCGCGGTGCTGCGCGGC 
TTTCTGATTCTGGGCAAAGAAGATCGCCGCTATGGCCCGGCGCTGAGCATTAACGAACTGAGCAACCTGGCGAAAGG 
CGAAAAAGCGAACGTGCTGATTGGCCAGGGCGATGTGGTGCTGGTGATGAAACGCAAACGCGATAGCAGCATTCTGA 
C C GATAG C CAGAC C G C GAC CAAAC G CAT T C G CAT G G C GAT TAAC 
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SEQ ID NO: 35 (PA, A/New Caledonia/20/1999) 
GATT CGAAAT GGAAGATTTT GT GCGACAAT GCTT CAAT CCGAT GATT GT CGAGCTT GCGGAAAAGGCAAT GAAAGAG 
TATGGAGAGGACCTGAAAATCGAAACAAACAAATTTGCAGCAATATGCACTCACTTGGAAGTATGCTTCATGTATTC 
AGATTTT CATTT CAT CAAT GAGCAAGGCGAATCAATAATAGTAGAGCCT GAGGACCCAAAT GCACTTTTAAAGCACA 

5 GATTTGAGATAATAGAGGGACGAGATCGTACAATGGCATGGACAGTTGTAAACAGTATTTGCAACACCACAGGAGCT 
GAGAAACCAAAGTTTCTGCCAGATCTGTATGATTACAAAGAGAATAGATTCATCGAGATTGGAGTGACAAGGAGGGA 
AGTTCACATATACTATCTGGAAAAGGCCAACAAAATTAAATCTGAGAAGACACACATTCACATTTTCTCATTCACTG 
GCGAAGAAATGGCCACAAAGGCCGATTACACTCTCGATGAAGAAAGCAGGGCTAGGATTAAAACCAGACTATTCACC 
ATAAGACAAGAAATGGCAAGCAGAGGTCTTTGGGACTCCTTTCGTCAGTCCGAAAGAGGCGAAGAAACAATTGAAGA 

10 AAGATTTGAAATCACAGGGACAATGCGCAGGCTCGCTGACCAAAGCCTTCCGCCGAACTTCTCCTGCATTGAGAATT 
TTAGAGCCTAT GT GGAT GGATTT GAACCGAACGGCTACATT GAGGGCAAGCTTT CT CAAAT GT CCAAAGAAGTAAAT 
GCTAGAATTGAGCCTTTTTTGAAAACAACACCACGACCAATTAGACTTCCGGATGGGCCTCCTTGTTTTCAGCGGTC 
AAAATTCCTGCTGATGGATTCTTTAAAATTAAGCATTGAGGATCCAAAT CAT GAAGGAGAGGGAATACCACTATAT G 
ATGCAATCAAGTGTATGAGAACATTCTTTGGATGGAAAGAACCCTCTGTTGTCAAGCCACACGGGAAGGGAATAAAT 

15 CCGAATTATCTGCTGTCATGGAAGCAGGTATTGGAAGAGCTGCAGGACATTGAGAGTGAGGAGAAGATTCCAAGAAC 
AAAAAACAT GAAAAAAACGAGT CAGCTAAAGTGGGCACTT GGT GAGAACAT GGCACCAGAGAAGGT GGATTTT GAT G 
ACT GTAAAGATATAAGCGATTT GAAGCAATATGATAGT GACGAACCT GAATTAAGGT CATTTT CAAGTT GGAT CCAG 
AAT GAGTT CAACAAGGCAT GCGAGCT GACCGATT CAAT CT GGATAGAGCT CGAT GAGATT GGAGAAGAT GT GGCCCC 
GATTGAACACATTGCAAGCATGAGAAGAAATTACTTCACAGCTGAGGTGTCCCATTGCAGAGCCACAGAATATATAA 

20 TGAAGGGGGTATACATTAATACTGCTTTGCTTAATGCATCCTGTGCAGCAATGGATGATTTCCAACTAATTCCCATG 
ATAAGCAAAT GTAGAACTAAAGAGGGAAGGAGAAAGACCAATTT GTACGGCTT CAT CGTAAAAGGAAGAT CT CACTT 
AAGGAATGACACCGATGTGGTAAACTTTGTGAGCATGGAGTTTTCCCTCACTGACCCAAGACTTGAGCCACACAAAT 
GGGAGAAGTACT GT GTT CTT GAGATAGGAGATAT GCTT CTAAGGAGT GCAATAGGCCAAGT GT CAAGGCCCAT GTT C 
TT GTAT GTAAGGACAAAT GGAACCT CAAAAATTAAAAT GAAAT GGGGAAT GGAGAT GAGGCGTT GCCT CCT CCAAT C 

25 CCTTCAACAAATAGAGAGCATGATTGAAGCTGAGTCCTCCGTCAAGGAGAAAGACATGACAAAAGAGTTTTTTGAGA 
ATAGATCAGAAACATGGCCCATTGGAGAGTCACCAAAAGGAGTGGAAGAAGGTTCCATTGGGAAAGTATGCAGGACA 
CTATTGGCTAAGTCAGTATTCAATAGTCTGTATGCATCTCCACAATTAGAAGGATTTTCAGCTGAGTCAAGAAAGTT 
GCTCCTCATTGTTCAGGCTCTTAGGGACAATCTGGAACCTGGGACCTTTGATCTTGGGGGGCTATATGAAGCAATTG 
AGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCTAACACATGCATTGAGA 

30 TAGCTGGGGCAATGCTACTATTTACTATCCATACTGTCCAAAAAA 

SEQ ID NO: 36 (PB1, A/New Caledonia/20/1999) 
AATGGATGTCAATCCGACATTACTTTTCTTAAAAGTGCCAGCACAAAATGCTATAAGCACAACTTTTCCTTATACTG 
GT GACCCT CCTTACAGCCAT GGGACAGGAACAGGGTACACCAT GGATACAGT CAACAGGACACAT CAGTACT CAGAA 
AGAGGAAGAT GGACAAAAAATACCGAAACT GGAGCACCGCAACT CAACCCAATT GAT GGGCCACTACCAAAAGACAA 

35 T GAACCAAGT GGCTAT GCCCAAACAGATT GT GTATTAGAAGCAAT GGCTTT CCTT GAGGAAT CCCAT CCT GGTATTT 
TT GAAAACT CTT GTATT GAAACAAT GGAGGTTGTT CAGCAAACAAGGGT GGACAAACT GACACAAGGCAGACAGACC 
TAT GACT GGACT CTAAATAGGAACCAGCCT GCT GCCACAGCATT GGCCAACACTATAGAAGT GTT CAGAT CAAACGG 
CCTCATAGCAAATGAATCTGGGAGGCTAATAGACTTCCTTAAAGATGTAATGGAGTCGATGGACAGAGACGAAGTAG 
AGATCACAACTCATTTTCAAAGAAAGAGGAGAGTGAGAGACAATGTAACTAAAAAAATGGTGACCCAAAGAACAATA 

40 GGCAAAAAGAAACATAAATTAGACAAAAGAAGTTACCTAATTAGGGCATTAACCCT GAACACAAT GACCAAAGAT GC 
T GAGAGGGGGAAACTAAAACGCAGAGCAATT GCAACCCCAGGAAT GCAAATAAGGGGGTTT GTATACTTT GTT GAGA 
CACT GGCAAGAAGCATAT GT GAAAAGCTT GAACAAT CAGGGTT GCCAGTT GGAGGAAAT GAAAAGAAAGCAAAGTTA 
GCAAATGTTGTAAGGAAGAT GAT GACCAACTCCCAGGACACTGAAATTTCTTTCACCAT CACTGGAGATAACACAAA 
AT GGAACGAAAAT CAAAACCCTAGAAT GTT CTT GGCCAT GAT CACATATATAACCAAAAAT CAGCCT GAAT GGTT CA 

45 GAAATATTCTAAGTATTGCTCCAATAATGTTTTCAAACAAAATGGCGAGACTAGGTAAGGGGTACATGTTTGAAAGC 
AAGAGTAT GAAACT GAGAACT CAAATACCT GCAGAGAT GCTAGCCAACATAGATTT GAAATATTT CAAT GATT CAAC 
TAAAAAGAAAATTGAAAAAATCCGGCCATTATTAATAGATGGAACTGCAT CATTGAGTCCTGGAAT GAT GATGGGCA 
T GTT CAATAT GTTAAGCACCGT CTT GGGCGT CT CCATT CT GAAT CTT GGGCAAAAGAGATACACCAAGACTACTTAC 
TGGTGGGATGGTCTTCAATCGTCTGATGATTTTGCTCTGATTGTGAATGCACCCAACTATGCAGGAATTCAAGCTGG 

50 AGTTGACAGGTTTTATCGAACCTGTAAGCTGCTCGGAATTAATATGAGCAAAAAGAAGTCTTACATAAACAGAACAG 
GTACCTTTGAGTTCACGAGCTTTTTCTATCGTTATGGGTTTGTTGCCAATTTCAGCATGGAGCTTCCTAGTTTTGGG 
GT GT CT GGGGT CAAT GAAT CT GCAGACAT GAGTATT GGAGT CACT GT CAT CAAAAACAATAT GATAAACAAT GACCT 
TGGCCCAGCAACTGCTCAAATGGCCCTTCAGTTATTTATAAAAGATTACAGGTACACGTATCGATGCCACAGAGGTG 
ACACACAAATACAAACCCGGAGATCATTTGAGATAAAGAAACTATGGGACCAAACCCGCTCCAAAGCTGGGCTGTTG 

55 GT CT CT GAT GGAGGCCCCAATTTATATAACATTAGAAAT CT CCATATT CCT GAAGT CT GCTT GAAAT GGGAGTT GAT 
GGAT GAGGATTACCAGGGGCGTTTAT GCAACCCATT GAACCCGTTT GT CAGT CATAAAGAGATT GAAT CAGT GAACA 
AT GCAGT GAT GAT GCCGGCACAT GGT CCAGCCAAAAATAT GGAGTAT GACGCT GTT GCAACAACACACT CCT GGGTT 
CCCAAAAGGAATCGATCCATTTTGAATACGAGCCAAAGGGGGATACTTGAGGATGAGCAAATGTATCAGAGGTGCTG 
CAATTTATTTGAAAAATTCTTCCCAAGTAGCTCATACAGAAGACCAGTTGGAATATCCAGTATGGTAGAGGCTATGG 
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SEQ ID NO: 35 (PA, A/New Caledonia/20/1999) 
GATTCGAAATGGAAGATTTTGTGCGACAATGCTTCAATCCGATGATTGTCGAGCTTGCGGAAAAGGCAATGAAAGAG 
TAT G GAGAG GAC C T GAAAAT C GAAACAAACAAAT T T G CAG CAATAT G CAC T CAC T T G GAAGTAT G C T T CAT GTAT T C 
AGAT T T T CAT T T CAT CAAT GAG CAAG G C GAAT CAATAATAGTAGAG C C T GAG GAC C CAAAT G CAC T T T TAAAG CACA 
GAT T T GAGATAATAGAG G GAC GAGAT C GTACAAT G G CAT G GACAGT T GTAAACAGTAT T T G CAACAC CACAG GAG C T 
GAGAAAC CAAAGT T T C T G C CAGAT C T GTAT GAT TACAAAGAGAATAGAT T CAT C GAGAT T G GAGT GACAAG GAG G GA 
AGT T CACATATAC TAT C T G GAAAAG G C CAACAAAAT TAAAT C T GAGAAGACACACAT T CACAT T T T C T CAT T CAC T G 
G C GAAGAAAT G G C CACAAAG G C C GAT TACAC T C T C GAT GAAGAAAG CAG G G C TAG GAT TAAAAC CAGAC TAT T CAC C 
ATAAGACAAGAAAT G G CAAG CAGAG GT C T T T GG GAC TCCTTTCGT CAGT C C GAAAGAG G C GAAGAAACAAT T GAAGA 
AAGATTTGAAATCACAGGGACAATGCGCAGGCTCGCTGACCAAAGCCTTCCGCCGAACTTCTCCTGCATTGAGAATT 
TTAGAGCCTATGTGGATGGATTTGAACCGAACGGCTACATTGAGGGCAAGCTTTCTCAAATGTCCAAAGAAGTAAAT 
GCTAGAATTGAGCCTTTTTTGAAAACAACACCACGACCAATTAGACTTCCGGATGGGCCTCCTTGTTTTCAGCGGTC 
AAAAT T C C T G C T GAT G GAT T C T T TAAAAT TAAG CAT T GAG GAT C CAAAT CAT GAAG GAGAG G GAATAC CAC TATAT G 
AT G CAAT CAAGT GTAT GAGAACAT T C T T T G GAT G GAAAGAAC CCTCTGTTGT CAAG C CACAC G G GAAG G GAATAAAT 
C C GAAT TAT C T G C T GT CAT G GAAG CAG GTAT T G GAAGAG C T G CAG GACAT T GAGAGT GAG GAGAAGAT T C CAAGAAC 
AAAAAACAT GAAAAAAAC GAGT CAGCTAAAGT GGGCACT T GGT GAGAACAT GGCAC CAGAGAAGGT GGAT T T T GAT G 
ACT GTAAAGATATAAG C GAT T T GAAG CAATAT GATAGT GAC GAAC C T GAAT TAAG GT CAT T T T CAAGT T G GAT C CAG 
AAT GAGT T CAACAAG G CAT G C GAG C T GAC C GAT T CAAT C T G GATAGAG C T C GAT GAGAT T G GAGAAGAT GTGGCCCC 
GAT T GAACACAT T G CAAG CAT GAGAAGAAAT TAC T T CACAG C T GAG GT GT C C CAT T G CAGAG C CACAGAATATATAA 
TGAAGGGGGTATACATTAATACTGCTTTGCTTAATGCATCCTGTGCAGCAATGGATGATTTCCAACTAATTCCCATG 
ATAAG CAAAT GTAGAAC TAAAGAG G GAAG GAGAAAGAC CAAT TTGTACGGCTT CAT C GTAAAAG GAAGAT C T CAC T T 
AAG GAAT GACAC C GAT GT G GTAAAC T T T GT GAG CAT G GAGT T T T C C C T CAC T GAC C CAAGAC T T GAG C CACACAAAT 
GGGAGAAGTACTGTGTTCTTGAGATAGGAGATATGCTTCTAAGGAGTGCAATAGGCCAAGTGTCAAGGCCCATGTTC 
TTGTATGTAAGGACAAATGGAACCTCAAAAATTAAAATGAAATGGGGAATGGAGATGAGGCGTTGCCTCCTCCAATC 
C C T T CAACAAATAGAGAG CAT GAT T GAAG C T GAGT C C T C C GT CAAG GAGAAAGACAT GACAAAAGAGT T T T T T GAGA 
ATAGAT CAGAAACAT G G C C CAT T G GAGAGT CAC CAAAAG GAGT G GAAGAAG GT T C CAT T G G GAAAGTAT G CAG GACA 
CTATTGGCTAAGTCAGTATTCAATAGTCTGTATGCATCTCCACAATTAGAAGGATTTTCAGCTGAGTCAAGAAAGTT 
GCTCCTCATTGTTCAGGCTCTTAGGGACAATCTGGAACCTGGGACCTTTGATCTTGGGGGGCTATATGAAGCAATTG 
AGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCTAACACATGCATTGAGA 
TAGCTGGGG CAAT G C TAC TAT T TAC TAT C CATAC T GT C CAAAAAA 

SEQ ID NO: 36 (PBl, A/New Caledonia/20/1999) 
AAT G GAT GT CAAT C C GACAT TACTTTTCT TAAAAGT G C CAG CACAAAAT G C TATAAG CACAAC T T T T C C T TATAC T G 
GT GAC C C T C C T TACAG C CAT G G GACAG GAACAG G GTACAC CAT G GATACAGT CAACAG GACACAT CAGTAC T CAGAA 
AGAG GAAGAT G GAC AAAAAAT AC C GAAAC T G GAG CAC C G CAAC T CAAC C CAAT T GAT G G G C CAC T AC C AAAAGAC AA 
TGAACCAAGTGGCTATGCCCAAACAGATTGTGTATTAGAAGCAATGGCTTTCCTTGAGGAATCCCATCCTGGTATTT 
T T GAAAAC T C T T GTAT T GAAACAAT G GAG GT T GT T CAG CAAACAAG G GT G GACAAAC T GACACAAG G CAGACAGAC C 
TAT GAC T G GAC T C TAAATAG GAAC CAG CCTGCTGC CACAG CAT T G G C CAACAC TATAGAAGT GT T CAGAT CAAAC G G 
C CT CATAGCAAAT GAAT CT GGGAGGCTAATAGACT T C CT TAAAGAT GTAAT GGAGT C GAT GGACAGAGAC GAAGTAG 
AGAT CACAACT CAT T T T CAAAGAAAGAGGAGAGT GAGAGACAAT GTAACTAAAAAAATGGT GACCCAAAGAACAATA 
G G CAAAAAGAAACATAAAT TAGACAAAAGAAGT TAC C TAAT TAG G G CAT TAAC C C T GAACACAAT GAC CAAAGAT G C 
T GAGAG G G G GAAAC TAAAAC G CAGAG CAAT T GCAAC C C CAG GAAT G CAAATAAG G G G GT T T GTATAC T T T GT T GAGA 
CAC T G G CAAGAAG CATAT GT GAAAAG CTT GAACAAT CAG G GT T G C CAGT T G GAG GAAAT GAAAAGAAAG CAAAGT TA 
G CAAAT GT T GTAAG GAAGAT GAT GAC CAAC T C C CAG GACAC T GAAAT T T C T T T CAC CAT CAC T G GAGATAACACAAA 
AT G GAAC GAAAAT CAAAAC C C TAGAAT GTTCTTGGC CAT GAT CACATATATAAC CAAAAAT CAG C C T GAAT G GT T CA 
GAAATATTCTAAGTATTGCTCCAATAATGTTTTCAAACAAAATGGCGAGACTAGGTAAGGGGTACATGTTTGAAAGC 
AAGAGTAT GAAACT GAGAACT CAAATAC CT GCAGAGAT GCTAGC CAACATAGAT T T GAAATAT T T CAAT GAT T CAAC 
TAAAAAGAAAAT T GAAAAAAT C C G G C CAT TAT TAATAGAT G GAAC T G CAT CAT T GAGT C C T G GAAT GAT GAT G G G CA 
TGTTCAATATGTTAAGCACCGTCTTGGGCGTCTCCATTCTGAATCTTGGGCAAAAGAGATACACCAAGACTACTTAC 
TGGTGGGATGGTCTTCAATCGTCTGATGATTTTGCTCTGATTGTGAATGCACCCAACTATGCAGGAATTCAAGCTGG 
AGTTGACAGGTTTTATCGAACCTGTAAGCTGCTCGGAATTAATATGAGCAAAAAGAAGTCTTACATAAACAGAACAG 
GTACCTTTGAGTTCACGAGCTTTTTCTATCGTTATGGGTTTGTTGCCAATTTCAGCATGGAGCTTCCTAGTTTTGGG 
GT GT CT GGGGT CAAT GAAT CT GCAGACAT GAGTATT GGAGTCACT GT CAT CAAAAACAATAT GATAAACAATGACCT 
T G G C C CAG CAAC T G C T CAAAT G G C C C T T CAGT TAT T TATAAAAGAT TACAG GTACAC GTAT C GAT G C CACAGAG GT G 
ACACACAAATACAAAC C C G GAGAT CAT T T GAGATAAAGAAAC TAT G G GAC CAAAC C C G C T C CAAAG CTGGGCTGTTG 
GTCTCTGATGGAGGCCCCAATTTATATAACATTAGAAATCTCCATATTCCTGAAGTCTGCTTGAAATGGGAGTTGAT 
GGATGAGGATTACCAGGGGCGTTTATGCAACCCATTGAACCCGTTTGTCAGTCATAAAGAGATTGAATCAGTGAACA 
ATGCAGTGATGATGCCGGCACATGGTCCAGCCAAAAATATGGAGTATGACGCTGTTGCAACAACACACTCCTGGGTT 
C C CAAAAG GAAT C GAT C CAT T T T GAATAC GAGC CAAAG G G G GATAC T T GAG GAT GAG CAAAT GTAT CAGAG GT G C T G 
CAAT T TAT T T GAAAAAT T C T T C C CAAGTAG C T CATACAGAAGAC CAGT T G GAATAT C CAGTAT G GTAGAG G C TAT G G 
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TTTCCAGAGCCCGAATTGATGCACGGATTGATTTCGAATCTGGAAGGATAAAAAAAGAGGAATTCGCTGAGAT CAT G 
AAGACCT GTT CCACCATT GAAGACCT CAGACGGCAAAAATAGGGAATTT GGCTT GT CCTT CAT GAAAA 

SEQ ID NO: 37 (NP, A/New Caledonia/20/1999) 
AT CACT CACT GAGT GACAT CAAAGT CAT GGCGT CCCAAGGCACCAAACGGT CTTACGAACAGAT GGAGACT GAT GGG 

5 GAACGCCAGAAT GCAACT GAAAT CAGAGCAT CCGT CGGAAGAAT GATT GGT GGAATT GGGCGATT CTACAT CCAAAT 
GT GCACCGAGCTTAAACT CAAT GATTAT GAGGGACGACT GAT CCAGAACAGCTT GACAATAGAGAGAAT GGT GCT CT 
CT GCTTTT GAT GAGAGGAGGAATAAATAT CT GGAAGAACAT CCCAGCGCGGGGAAAGAT CCTAAGAAAACT GGAGGA 
CCCATATACAAGAGAGTAGATGGAAAGTGGGTGAGGGAACTCGTCCTTTATGACAAAGAAGAAATAAGGCGGATTTG 
GCGCCAAGCCAACAAT GGT GAT GAT GCAACGGCT GGTTT GACT CACATTAT GAT CT GGCATT CTAATTT GAAT GATA 

10 CAACTTACCAGAGGACAAGAGCTCTTGTCCGCACCGGAATGGATCCCAGGATGTGCTCTTTGATGCAAGGTTCAACT 
CT CCCTAGAAGAT CT GGAGCAGCAGGCGCT GCAGT CAAAGGAGTT GGGACAAT GGT GTT GGAGTTAAT CAGGAT GAT 
CAAACGT GGGAT CAAT GACCGAAACTT CT GGAGGGGT GAGAAT GGAAGAAAAACAAGGATT GCTTAT GAGAGAAT GT 
GCAACATT CT CAAAGGAAAATTT CAAACAGCTGCACAAAAAGCAAT GAT GGAT CAAGT GAGAGAAAGC C GGAAC C CA 
GGAAAT GCT GAGAT CGAAGAT CT CACTTTT CTGGCACGGT CT GCACT CATATTAAGAGGGT CAGTT GCT CACAAGT C 

15 TTGCCTGCCTGCCTGTGTGTATGGACCAGCCGTAGCCAGTGGGTACGACTTCGAAAAAGAGGGATACTCTTTGGTAG 
GGGTAGACCCTTTTAAACTGCTTCAAACCAGTCAGGTATACAGCCTAATCAGACCAAACGAGAATCCCGCACACAAG 
AGT CAGTT GGT GT GGAT GGCAT GCAATT CT GCT GCATTT GAAGAT CTAAGAGT GT CAAGCTT CAT CAGAGGGACAAG 
AGTACTTCCAAGGGGGAAGCTCTCCACTAGAGGAGTACAAATTGCTTCAAAT GAAAACATGGATGCTATTGTAT CAA 
GTACT CTT GAACT GAGAAGCAGATACT GGGCCATAAGAACCAGAAGT GGAGGGAACACTAAT CAACAAAGGGCCT CT 

20 GCGGGCCAAATCAGCACACAACCTACGTTTTCTGTGCAGAGAAACCTCCCATTTGACAAAACAACCATCATGGCAGC 
ATT CACT GGGAATACGGAGGGAAGAACAT CAGACAT GAGGGCAGAAAT CATAAAGAT GAT GGAAAGT GCAAGACCAG 
AAGAAGTGTCCTTCCAGGGGCGGGGAGTCTTTGAGCTCTCGGACGAAAGGGCAACGAACCCGATCGTGCCCTCCTTT 
GACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTACGACAATTAATGAA 

SEQ ID NO: 38 (M, A/New Caledonia/20/1999) 
25 GATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTCTCTATCGTCCCGTCAGGCCCCCTCAAAGCCGAGATCGCAC 

AGAGACTT GAAAAT GT CTTT GCT GGAAAGAATACCGAT CTT GAGGCT CT CAT GGAAT GGCTAAAGACAAGACCAAT C 
CTGTCACCTCTGACTAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAG 
ACGCTTT GT CCAAAAT GCCCTTAAT GGGAAT GGGGAT CCAAATAATAT GGACAGAGCAGTTAAACT GTAT CGAAAGC 
TTAAGAGGGAGATAACATT CCAT GGGGCCAAAGAAATAGCACT CAGTTATT CT GCT GGT GCACTT GCCAGTT GTAT G 

30 GGACTCATATACAACAGGATGGGGGCTGTGACCACCGAATCAGCATTTGGCCTTATATGCGCAACCTGTGAACAGAT 
TGCCGACTCCCAGCATAAGTCTCATAGGCAAATGGTAACAACAACCAACCCATTAATAAGACATGAGAACAGAATGG 
TT CT GGCCAGCACTACAGCTAAGGCTAT GGAGCAAAT GGCT GGAT CGAGT GAACAAGCAGCT GAGGCCAT GGAGGTT 
GCTAGT CAGGCCAGGCAGAT GGT GCAGGCAATGAGAGCCATT GGGACT CAT CCTAGCT CTAGCACT GGT CT GAAAAA 
T GAT CT CCTT GAAAATTT GCAGGCCTAT CAGAAACGAAT GGGGGT GCAGAT GCAACGATT CAAGT GAT CCT CTT GTT 

35 GTTGCCGCAAGTATAATTGGGATTGTGCACCTGATATTGTGGATTATTGATCGCCTTTTTTCCAAAAGCATTTATCG 
TAT CTTTAAACACGGTTTAAAAAGAGGGCCTTCTACGGAAGGAGTACCAGAGT CTAT GAGGGAAGAATAT CGAGAGG 
AACAGCAGAAT GCT GT GGAT GCT GACGAT GGTCATTTT GT CAGCATAGAGCTAGAGTAAA 

SEQ ID NO: 39 (NS, A/New Caledonia/20/1999) 
AT GGATT CCCACACT GT GT CAAGCTTT CAGGTAGATT GCTT CCTTT GGCAT GT CCGCAAACAAGTT GCAGACCAAGA 

40 TCTAGGCGATGCCCCATTCCTTGATCGGCTTCGCCGAGATCAGAAGTCTCTAAAGGGAAGAGGCAGCACTCTCGGTC 
TGAACATCGAAACAGCCACTTGTGTTGGAAAGCAAATAGTAGAGAGGATTCTGAAAGAAGAATCCGATGAGGCATTT 
AAAAT GACCAT GGCCT CCGCACTT GCTT CGCGGTACCTAACT GACAT GACTATT GAAGAAAT GT CAAGGGACT GGTT 
CAT GCT CAT GCCCAAGCAGAAAGT GGCT GGCCCT CTTT GT GT CAGAAT GGACCAGGCGATAAT GGATAAGAACAT CA 
TACT GAAAGCGAATTT CAGT GT GATTTTT GACCGGTT GGAGAAT CT GACATTACTAAGGGCTTT CACCGAAGAGGGA 

45 GCAATT GTT GGCGAAATTT CACCATT GCCTT CT CTT CCAGGACATACTAAT GAGGAT GT CAAAAAT GCAATT GGGGT 
CCTCATCGGGGGACTTGAATGGAATGATAACACAGTTCGAGTCTCTGAAACTCTACAGAGATTCGCTTGGAGAAGCA 
GTAAT GAGACT GGGGGACCT CCATT CACT CCAACACAGAAACGGAAAAT GGCGGGAACAATTAGGT CAGAAGTTT GA 
AGAAATAAGAT GGCT GATT GAAGAAGT GAGGCATAAATT GAAGACGACAGAGAATAGTTTT GAGCAAATAACATTTA 
TGCAAGCATTACAGCTATTGTTTGAAGTGGAACAAGAGATTAGAACGTTTTCGTTTCAGCTTATTTAATGATAA 

50 SEQ ID NO: 40 (HA, A/New Caledonia/20/1999) 
CCAAAATGAAAGCAAAACTACTGGTCCTGTTATGTACATTTACAGCTACATATGCAGACACAATATGTATAGGCTAC 
CAT GCCAACAACT CAACCGACACT GTT GACACAGTACTT GAGAAGAAT GT GACAGT GACACACT CT GT CAACCTACT 
TGAGGACAGTCACAATGGAAAACTATGTCTACTAAAAGGAATAGCCCCACTACAATTGGGTAATTGCAGCGTTGCCG 
GAT GGAT CTTAGGAAACCCAGAAT GCGAATTACT GATTT CCAAGGAAT CAT GGT CCTACATT GTAGAAACACCAAAT 

55 CCTGAGAATGGAACATGTTACCCAGGGTATTTCGCCGACTATGAGGAACTGAGGGAGCAATTGAGTTCAGTATCTTC 
ATTT GAGAGATT CGAAATATT CCCCAAAGAAAGCT CAT GGCCCAACCACACCGTAACCGGAGTAT CAGCAT CAT GCT 
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TTTCCAGAGCCCGAATTGATGCACGGATTGATTTCGAATCTGGAAGGATAAAAAAAGAGGAATTCGCTGAGATCATG 
AAGACCTGTTCCACCATTGAAGACCTCAGACGGCAAAAATAGGGAATTTGGCTTGTCCTTCATGAAAA 

SEQ ID NO: 37 (NP, A/New Caledonia/20/1999) 
AT CAC T CAC T GAGT GACAT CAAAGT CAT G G C GT C C CAAG G CAC CAAAC GGTCTTAC GAACAGAT G GAGAC T GAT G G G 
GAAC G C CAGAAT G CAAC T GAAAT CAGAG CAT C C GT C G GAAGAAT GAT T G GT G GAAT T G G G C GAT T C TACAT C CAAAT 
GT G CAC C GAG C T TAAAC T CAAT GAT TAT GAG GGAC GAC T GAT C CAGAACAG CTT GACAATAGAGAGAAT GGTGCTCT 
CTGCTTTT GAT GAGAG GAG GAATAAATAT C T GGAAGAACAT C C CAG C G C G G G GAAAGAT C C TAAGAAAAC T G GAG GA 
C C CATATACAAGAGAGTAGAT G GAAAGT G G GT GAG G GAAC TCGTCCTT TAT GACAAAGAAGAAATAAG G C G GAT T T G 
GCGCCAAGCCAACAATGGTGATGATGCAACGGCTGGTTTGACTCACATTATGATCTGGCATTCTAATTTGAATGATA 
CAACTTACCAGAGGACAAGAGCTCTTGTCCGCACCGGAATGGATCCCAGGATGTGCTCTTTGATGCAAGGTTCAACT 
CTCCCTAGAAGATCTGGAGCAGCAGGCGCTGCAGTCAAAGGAGTTGGGACAATGGTGTTGGAGTTAATCAGGATGAT 
CAAAC GT G G GAT CAAT GAC C GAAAC T T C T G GAG G G GT GAGAAT G GAAGAAAAACAAG GAT T G C T TAT GAGAGAAT GT 
G CAACAT T C T CAAAG GAAAAT T T CAAACAG C T G CACAAAAAG CAAT GAT G GAT CAAGT GAGAGAAAG C C G GAAC C CA 
GGAAATGCTGAGATCGAAGATCTCACTTTTCTGGCACGGTCTGCACTCATATTAAGAGGGTCAGTTGCTCACAAGTC 
TTGCCTGCCTGCCTGTGTGTATGGACCAGCCGTAGCCAGTGGGTACGACTTCGAAAAAGAGGGATACTCTTTGGTAG 
G G GTAGAC C C T T T TAAAC T G C T T CAAAC CAGT CAG GTATACAG C C TAAT CAGAC CAAAC GAGAAT C C C G CACACAAG 
AGTCAGTTGGTGTGGATGGCATGCAATTCTGCTGCATTTGAAGATCTAAGAGTGTCAAGCTTCATCAGAGGGACAAG 
AGTACTTC C AAG G G G GAAG C T C T C CAC T AGAGGAGT AC AAAT T G C T T C AAAT GAAAAC AT G GAT G C TAT T GT AT C AA 
GTACTCTTGAACTGAGAAGCAGATACTGGGCCATAAGAACCAGAAGTGGAGGGAACACTAATCAACAAAGGGCCTCT 
G C G G G C CAAAT CAG CACACAAC CTACGTTTTCTGTG CAGAGAAAC C T C C CAT T T GACAAAACAAC CAT CAT G G CAG C 
AT T CACT GGGAATAC GGAGGGAAGAACATCAGACAT GAGGGCAGAAATCATAAAGAT GAT GGAAAGT GCAAGACCAG 
AAGAAGTGTCCTTCCAGGGGCGGGGAGTCTTTGAGCTCTCGGACGAAAGGGCAACGAACCCGATCGTGCCCTCCTTT 
GACAT GAGTAAT GAAG GAT C T TAT T T C T T C G GAGACAAT G CAGAG GAGTAC GACAAT TAAT GAA 

SEQ ID NO: 38 (M, A/New Caledonia/20/1999) 
GATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTCTCTATCGTCCCGTCAGGCCCCCTCAAAGCCGAGATCGCAC 
AGAGACTTGAAAATGTCTTTGCTGGAAAGAATACCGATCTTGAGGCTCTCATGGAATGGCTAAAGACAAGACCAATC 
CTGTCACCTCTGACTAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAG 
ACGCTTTGTCCAAAATGCCCTTAATGGGAATGGGGATCCAAATAATATGGACAGAGCAGTTAAACTGTATCGAAAGC 
TTAAGAGGGAGATAACATTCCATGGGGCCAAAGAAATAGCACTCAGTTATTCTGCTGGTGCACTTGCCAGTTGTATG 
G GAC T CATATACAACAG GAT GGGGGCTGT GAC CAC C GAAT CAG CAT T T G G C C T TATAT G C G CAAC C T GT GAACAGAT 
T G C C GAC T C C CAG CATAAGT C T CATAG G CAAAT G GTAACAACAAC CAAC C CAT TAATAAGACAT GAGAACAGAAT G G 
TTCTGGCCAGCACTACAGCTAAGGCTATGGAGCAAATGGCTGGATCGAGTGAACAAGCAGCTGAGGCCATGGAGGTT 
GCTAGTCAGGCCAGGCAGATGGTGCAGGCAATGAGAGCCATTGGGACTCATCCTAGCTCTAGCACTGGTCTGAAAAA 
TGATCTCCTTGAAAATTTGCAGGCCTATCAGAAACGAATGGGGGTGCAGATGCAACGATTCAAGTGATCCTCTTGTT 
GTTGCCGCAAGTATAATTGGGATTGTGCACCTGATATTGTGGATTATTGATCGCCTTTTTTCCAAAAGCATTTATCG 
TAT CTT TAAACAC G GT T TAAAAAGAG GGCCTTCTACG GAAG GAGTAC CAGAGT C TAT GAG G GAAGAATAT C GAGAG G 
AACAG CAGAAT G C T GT G GAT G C T GAC GAT GGT CAT T T T GT CAG CATAGAG C TAGAGTAAA 

SEQ ID NO: 39 (NS, A/New Caledonia/20/1999) 
ATGGATTCCCACACTGTGTCAAGCTTTCAGGTAGATTGCTTCCTTTGGCATGTCCGCAAACAAGTTGCAGACCAAGA 
TCTAGGCGATGCCCCATTCCTTGATCGGCTTCGCCGAGATCAGAAGTCTCTAAAGGGAAGAGGCAGCACTCTCGGTC 
T GAAC AT C GAAAC AG C CAC TTGTGTTG GAAAGC AAAT AGT AGAGAG GAT T C T GAAAGAAGAAT C C GAT GAG G CAT T T 
AAAATGACCATGGCCTCCGCACTTGCTTCGCGGTACCTAACTGACATGACTATTGAAGAAATGTCAAGGGACTGGTT 
CATGCTCATGCCCAAGCAGAAAGTGGCTGGCCCTCTTTGTGTCAGAATGGACCAGGCGATAATGGATAAGAACATCA 
TACTGAAAGCGAATTTCAGTGTGATTTTTGACCGGTTGGAGAATCTGACATTACTAAGGGCTTTCACCGAAGAGGGA 
GCAATTGTTGGCGAAATTTCACCATTGCCTTCTCTTCCAGGACATACTAATGAGGATGTCAAAAATGCAATTGGGGT 
CCTCATCGGGGGACTTGAATGGAATGATAACACAGTTCGAGTCTCTGAAACTCTACAGAGATTCGCTTGGAGAAGCA 
GTAAT GAGAC T G G G G GAC C T C CAT T CAC T C CAACACAGAAAC G GAAAAT G G C G G GAACAAT TAG GT CAGAAGT T T GA 
AGAAATAAGAT G G C T GAT T GAAGAAGT GAG G CATAAAT T GAAGAC GACAGAGAATAGT T T T GAG CAAATAACAT T TA 
T G CAAG CAT TACAG C TAT T GT T T GAAGT G GAACAAGAGAT TAGAAC GTTTTCGTTT CAG C T TAT T TAAT GATAA 

SEQ ID NO: 40 (HA, A/New Caledonia/20/1999) 
C C AAAAT GAAAG C AAAAC TACTGGTCCTGT TAT GT AC AT T T AC AG C T AC AT AT G C AGAC AC AAT AT GT AT AG G C T AC 
CATGCCAACAACTCAACCGACACTGTTGACACAGTACTTGAGAAGAATGTGACAGTGACACACTCTGTCAACCTACT 
TGAGGACAGTCACAATGGAAAACTATGTCTACTAAAAGGAATAGCCCCACTACAATTGGGTAATTGCAGCGTTGCCG 
GAT G GAT C T TAG GAAAC C CAGAAT G C GAAT TAC T GAT T T C CAAG GAAT CAT G GT C C TACAT T GTAGAAACAC CAAAT 
C C T GAGAAT G GAACAT GT TAC C CAG G GTAT T T C G C C GAC TAT GAG GAAC T GAG G GAG CAAT T GAGT T CAGTAT C T T C 
AT T T GAGAGAT T C GAAATAT T C C C CAAAGAAAG C T CAT G G C C CAAC CACAC C GTAAC C G GAGTAT CAG CAT CAT G C T 
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CCCATAATGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTGACGGGGAAGAATGGTTTGTACCCAAACCTGAGC 
AAGT CCTAT GTAAACAACAAAGAGAAAGAAGTCCTT GTACTAT GGGGT GTT CAT CACCCGCCTAACATAGGGAACCA 
AAGGGCCCT CTAT CATACAGAAAAT GCTTAT GT CT CT GTAGT GT CTT CACATTATAGCAGAAGATT CACCCCAGAAA 
TAGCCAAAAGACCCAAAGTAAGAGATCAGGAAGGAAGAATCAACTACTACTGGACTCTGCTGGAACCTGGGGATACA 

5 ATAATATTTGAGGCAAATGGAAATCTAATAGCGCCATGGTATGCTTTTGCACTGAGTAGAGGCTTTGGATCAGGAAT 
CAT CACCT CAAAT GCACCAAT GGAT GAAT GT GAT GCGAAGT GT CAAACACCT CAGGGAGCTATAAACAGCAGT CTTC 
CTTT CCAGAAT GTACACCCAGT CACAATAGGAGAGT GT CCAAAGTAT GT CAGGAGT GCAAAATTAAGGAT GGTTACA 
GGACTAAGGAACATCCCATCCATTCAATCCAGAGGTTTGTTTGGAGCCATTGCCGGTTTCATTGAAGGGGGGTGGAC 
T GGAAT GGTAGAT GGGT GGTAT GGTTAT CAT CAT CAGAAT GAGCAAGGAT CT GGCTAT GCT GCAGAT CAAAAAAGTA 

10 CACAAAAT GCCATTAACGGGATTACAAACAAGGT GAATT CT GTAATT GAGAAAAT GAACACT CAATT CACAGCT GTG 
GGCAAAGAATTCAACAAATTGGAAAGAAGGATGGAAAACTTAAATAAAAAAGTTGATGATGGGTTTCTAGACATTTG 
GACATATAATGCAGAATTGTTGGTTCTACTGGAAAATGAAAGGACTTTGGATTTCCATGACTCCAATGTGAAGAATC 
TGTATGAGAAAGTAAAAAGCCAATTAAAGAATAATGCCAAAGAAATAGGAAACGGGTGTTTTGAATTCTATCACAAG 
T GTAACAAT GAAT GCAT GGAGAGT GT GAAAAAT GGAACTTAT GACTAT CCAAAATATT CCGAAGAAT CAAAGTTAAA 

15 CAGGGAGAAAATTGATGGAGTGAAATTGGAATCAATGGGAGTCTATCAGATTCTGGCGATCTACTCAACTGTCGCCA 
GTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATGTGTTCCAATGGGTCTTTGCAGTGTAGAATA 
T GCAT CT GAGACCAGAATTT CAGAAATATAAGAA 

SEQ ID NO: 41 (NA, A/New Caledonia/20/1999) 
AATGAATCCAAATCAAAAAATAATAACCATTGGATCAATCAGTATAGCAATCGGAATAATTAGTCTAATGTTGCAAA 

20 TAGGAAATATTATTTCAATATGGGCTAGTCACTCAATCCAAACTGGAAGTCAAAACCACACTGGAGTATGCAACCAA 
AGAAT CAT CACATAT GAAAACAGCACCT GGGTGAAT CACACATAT GTTAATATTAACAACACTAAT GTT GTT GCT GG 
AAAGGACAAAACTT CAGT GACATT GGCCGGCAATT CAT CT CTTT GTT CTAT CAGT GGAT GGGCTATATACACAAAAG 
ACAACAGCATAAGAATTGGCTCCAAAGGAGATGTTTTTGTCATAAGAGAACCTTTCATATCATGTTCTCACTTGGAA 
T GCAGAACCTTTTTT CT GACCCAAGGT GCT CTATTAAAT GACAAACATT CAAAT GGGACCGTTAAGGACAGAAGT CC 

25 TTATAGGGCCTTAAT GAGCT GT CCT CTAGGT GAAGCT CCGT CCCCATACAATT CAAAGTTT GAAT CAGTT GCAT GGT 
CAGCAAGCGCATGCCATGATGGCATGGGCTGGTTAACAATCGGAATTTCTGGTCCAGACAATGGAGCTGTGGCTGTA 
CTAAAATACAACGGCATAATAACT GAAACCATAAAAAGTT GGAAAAAGCGAATATTAAGAACACAAGAGT CT GAAT G 
T GT CT GT GT GAACGGGT CAT GTTT CACCATAAT GACCGAT GGCCCGAGTAAT GGGGCCGCCT CGTACAAAAT CTT CA 
AGATCGAAAAGGGGAAGGTTACTAAATCAATAGAGTTGAATGCACCCAATTTTCATTATGAGGAATGTTCCTGTTAC 

30 CCAGACACT GGCACAGT GAT GT GT GTAT GCAGGGACAACT GGCAT GGTT CAAAT CGACCTT GGGT GT CTTTTAAT CA 
AAACCT GGATTAT CAAATAGGATACAT CT GCAGT GGGGT GTT CGGT GACAAT CCGCGT CCCAAAGAT GGAGAGGGCA 
GCT GTAAT CCAGT GACT GTT GAT GGAGCAGACGGAGTAAAGGGGTTTT CATACAAATAT GGTAAT GGT GTTT GGATA 
GGAAGGACTAAAAGTAACAGACTTAGAAAGGGGTTTGAGATGATTTGGGATCCTAATGGATGGACAGATACCGACAG 
T GATTT CT CAGT GAAACAGGAT GTT GT GGCAATAACT GATT GGT CAGGGTACAGCGGAAGTTT CGTT CAACAT CCT G 

35 AGTTAACAGGATT GGACT GTATAAGACCTT GCTT CT GGGTT GAGTTAGT CAGAGGACT GCCTAGAGAAAATACAACA 
ATCTGGACTAGTGGGAGCAGCATTTCTTTTTGTGGCGTAAATAGTGATACTGCAAACTGGTCTTGGCCAGACGGTGC 
TGAGTTGCCGTTCACCATTGACAAGTAG 

SEQ ID NO: 42 (PA, 105p30) 
AGCGAAAGCAGGTACTGAtTCgaAaTGGAAGATTTTGTGCGACAATGCTTCAATCCGATGATTGTCGAGCTTGCGGA 

40 AAAGGCAATGAAAGAGTATGGAGAGGACCTGAAAATCGAAACAAACAAATTTGCAGCAATATGCACCCACTTGGAAG 
TAT GCTT CAT GTATT CAGATTTT CATTT CAT CAAT GAGCAAGGCGAAT CAATAATAGTAGAGCCT GAGGACCCAAAT 
GCACTTTTAAAACACAGATTTGAGATAATAGAGGGGCGAGATCGTACAATGGCATGGACAGTTGTAAACAGTATTTG 
CAACACCACAGGAGCT GAGAAACCAAAGTTT CT GCCAGAT CT GTAT GATTACAAAGAGAATAGGTT CAT CGAAATTG 
GAGT GACAAGGAGAGAAGTT CACATATACTATCT GGAAAAGGCCAACAAAATTAAAT CT GAGAAGACACATATT CAC 

45 ATTTT CT CATTTACT GGCGAAGAAAT GGCCACAAAGGCCGATTACACT CT CGAT GAAGAAAGCAGGGCTAGAATTAA 
AACCAGACTATTCACCATAAGGCAAGAAATGGCAAGCAGAGGTCTTTGGGACTCCTTTCGTCAGTCCGAAAGAGGCG 
AAGAGACAATT GAAGAAAGGTTT GAAAT CACAGGGACAAT GCGCAGGCT CGCT GAT CAAAGCCTT CCGCCGAACTTC 
TCCTGCATTGAGAATTTTAGAGCCTATGTGGATGGATTTGAACCGAACGGCTACATTGAGGGCAAGCTTTCTCAAAT 
GT CCAAAGAAGTAAAT GCTAAAATT GAGCCTTTTTT GAAAACAACACCT CGACCAATTAGACTT CCGAAT GGGCCTC 

50 CTT GTTTT CAGCGGT CAAAATT CCT GCT GAT GGATT CTTTAAAATTAAGCATT GAGGAT CCAAAT CAT GAAGGGGAG 
GGAATACCACTATATGATGCAATCAAGTGTATGAGAACATTCTTTGGATGGAAAGAACCCACTGTTGTCAAGCCACA 
CGAGAAGGGAATAAAT CCGAATTAT CT GCT GTCGT GGAAGCAGGT GTT GGAAGAGCT GCAGGACATT GAGAGT GAGG 
AGAAGATTCCAAGAACAAAAAACATGAAAAAAACGAGTCAGTTAAAGTGGGCACTTGGTGAGAACATGGCACCAGAG 
AAGGT GGATTTT GAT GACT GTAAAGATATAAGCGATTT GAAGCAATAT GATAGT GACGAACCT GAATTAAGGT CATT 

55 TT CAAGTT GGAT CCAGAAT GAGTT CAACAAGGCAT GCGAGCT GACCGATT CAAT CT GGATAGAGCT CGAT GAGATT G 
GAGAAGAT GT GGCCCCGATT GAACACATT GCAAGCAT GAGAAGAAATTACTT CACAGCT GAGGT GT CCCATT GCAGA 
GCCACT GAATATATAAT GAAAGGGGTATACATTAATACT GCTTT GCTTAAT GCAT CCT GT GCAGCAAT GGAT GATTT 
CCAACTAATTCCTATGATAAGCAAATGTAGAACTAAAGAGGGAAGGAGAAAGACCAATTTGTACGGCTTCATCATAA 
AAGGAAGAT CT CACTTAAGGAAT GATACCGATGT GGTAAACTTT GT GAGCAT GGAGTTTT CCCT CACT GACCCAAGA 
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CCCATAATGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTGACGGGGAAGAATGGTTTGTACCCAAACCTGAGC 
AAGTCCTATGTAAACAACAAAGAGAAAGAAGTCCTTGTACTATGGGGTGTTCATCACCCGCCTAACATAGGGAACCA 
AAG G G C C C T C TAT C AT AC AGAAAAT G C T TAT GTCTCTGTAGTGTCTT CAC AT TAT AG C AGAAGAT T CAC C C C AGAAA 
TAG C CAAAAGAC C CAAAGTAAGAGAT CAG GAAG GAAGAAT CAAC TACTACTG GAC T C T G C T G GAAC C T G G G GATACA 
ATAATATTTGAGGCAAATGGAAATCTAATAGCGCCATGGTATGCTTTTGCACTGAGTAGAGGCTTTGGATCAGGAAT 
CAT CAC C T CAAAT G CAC CAAT G GAT GAAT GT GAT G C GAAGT GT CAAACAC C T CAG G GAG C TATAAACAG CAGT C T T C 
CTTTCCAGAATGTACACCCAGTCACAATAGGAGAGTGTCCAAAGTATGTCAGGAGTGCAAAATTAAGGATGGTTACA 
GGACTAAGGAACATCCCATCCATTCAATCCAGAGGTTTGTTTGGAGCCATTGCCGGTTTCATTGAAGGGGGGTGGAC 
TGGAATGGTAGATGGGTGGTATGGTTATCATCATCAGAATGAGCAAGGATCTGGCTATGCTGCAGATCAAAAAAGTA 
CACAAAAT G C CAT TAAC G G GAT TACAAACAAGGT GAAT T C T GTAAT T GAGAAAAT GAACAC T CAAT T CACAG C T GT G 
GGCAAAGAAT T CAACAAAT T GGAAAGAAGGAT GGAAAACT TAAATAAAAAAGT T GAT GAT GGGT T T CTAGACAT T T G 
GACATATAAT G CAGAAT TGTTGGTTCTACTG GAAAAT GAAAG GAC T T T G GAT T T C CAT GAC T C CAAT GT GAAGAAT C 
T GTAT GAGAAAGTAAAAAG C CAAT TAAAGAATAAT G C CAAAGAAATAG GAAAC GGGTGTTTT GAAT T C TAT CACAAG 
T GTAACAAT GAAT G CAT G GAGAGT GT GAAAAAT G GAAC T TAT GAC TAT C CAAAATAT T C C GAAGAAT CAAAGT TAAA 
CAGGGAGAAAATTGATGGAGTGAAATTGGAATCAATGGGAGTCTATCAGATTCTGGCGATCTACTCAACTGTCGCCA 
GTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATGTGTTCCAATGGGTCTTTGCAGTGTAGAATA 
T G CAT C T GAGAC CAGAAT T T CAGAAATATAAGAA 

SEQ ID NO: 41 (NA, A/New Caledonia/20/1999) 
AAT GAAT C CAAAT CAAAAAATAATAAC CAT T GGATCAAT CAGTATAGCAAT CGGAATAATTAGT CTAAT GTT GCAAA 
TAG GAAATAT TAT T T CAATAT GGGCTAGT CACT CAAT C CAAAC T G GAAGT CAAAAC CACAC T G GAGTAT G CAAC CAA 
AGAAT CAT CACATAT GAAAACAG CAC C T G G GT GAAT CACACATAT GT TAATAT TAACAACAC TAAT GTTGTTGCTGG 
AAAGGACAAAACTTCAGTGACATTGGCCGGCAATTCATCTCTTTGTTCTATCAGTGGATGGGCTATATACACAAAAG 
ACAACAG CATAAGAAT T G G C T C CAAAG GAGAT GTTTTTGT CATAAGAGAAC C T T T CATAT CAT GT T C T CAC T T G GAA 
TGCAGAACCTTTTTTCTGACCCAAGGTGCTCTATTAAATGACAAACATTCAAATGGGACCGTTAAGGACAGAAGTCC 
TTATAGGGCCTTAATGAGCTGTCCTCTAGGTGAAGCTCCGTCCCCATACAATTCAAAGTTTGAATCAGTTGCATGGT 
CAGCAAGCGCATGCCATGATGGCATGGGCTGGTTAACAATCGGAATTTCTGGTCCAGACAATGGAGCTGTGGCTGTA 
C TAAAATACAAC G G CATAATAAC T GAAAC CATAAAAAGT T G GAAAAAG C GAATAT TAAGAACACAAGAGT C T GAAT G 
TGTCTGTGTGAACGGGTCATGTTTCACCATAATGACCGATGGCCCGAGTAATGGGGCCGCCTCGTACAAAATCTTCA 
AGAT C GAAAAG G G GAAG GT TAC TAAAT CAATAGAGT T GAAT G CAC C CAAT T T T CAT TAT GAG GAAT GTTCCTGTTAC 
CCAGACACTGGCACAGTGATGTGTGTATGCAGGGACAACTGGCATGGTTCAAATCGACCTTGGGTGTCTTTTAATCA 
AAACCTGGATTATCAAATAGGATACATCTGCAGTGGGGTGTTCGGTGACAATCCGCGTCCCAAAGATGGAGAGGGCA 
GCTGTAATCCAGTGACTGTTGATGGAGCAGACGGAGTAAAGGGGTTTTCATACAAATATGGTAATGGTGTTTGGATA 
G GAAG GAC TAAAAGTAACAGAC T TAGAAAG G GGT T T GAGAT GAT T T G G GAT C C TAAT G GAT G GACAGATAC C GACAG 
TGATTTCTCAGTGAAACAGGATGTTGTGGCAATAACTGATTGGTCAGGGTACAGCGGAAGTTTCGTTCAACATCCTG 
AGTTAACAGGATTGGACTGTATAAGACCTTGCTTCTGGGTTGAGTTAGTCAGAGGACTGCCTAGAGAAAATACAACA 
ATCTGGACTAGTGGGAGCAGCATTTCTTTTTGTGGCGTAAATAGTGATACTGCAAACTGGTCTTGGCCAGACGGTGC 
T GAGT T GC C GT T CAC CAT T GACAAGTAG 

SEQ ID NO: 42 (PA, 105p30) 
AGCGAAAGCAGGTACTGAtTCgaAaTGGAAGATTTTGTGCGACAATGCTTCAATCCGATGATTGTCGAGCTTGCGGA 
AAAG G CAAT GAAAGAGTAT G GAGAG GAC C T GAAAAT C GAAACAAACAAAT T T G CAG CAATAT G CAC C CAC T T G GAAG 
TAT G C T T CAT GTAT T CAGAT T T T CAT T T CAT CAAT GAG CAAG G C GAAT CAATAATAGTAGAG C C T GAG GAC C CAAAT 
G CAC T T T TAAAACACAGAT T T GAGATAATAGAG G G G C GAGAT C GTACAAT G G CAT G GACAGT T GTAAACAGTAT T T G 
CAACAC CACAG GAG C T GAGAAAC CAAAGT T T CT G C CAGAT C T GTAT GAT TACAAAGAGAATAG GT T CAT C GAAAT T G 
GAGT GACAAG GAGAGAAGT T CACATATAC TAT C T G GAAAAG G C CAACAAAAT TAAAT C T GAGAAGACACATAT T CAC 
ATTTTCTCATTTACTGGCGAAGAAATGGCCACAAAGGCCGATTACACTCTCGATGAAGAAAGCAGGGCTAGAATTAA 
AACCAGACTATTCACCATAAGGCAAGAAATGGCAAGCAGAGGTCTTTGGGACTCCTTTCGTCAGTCCGAAAGAGGCG 
AAGAGACAATTGAAGAAAGGTTTGAAATCACAGGGACAATGCGCAGGCTCGCTGATCAAAGCCTTCCGCCGAACTTC 
TCCTGCATTGAGAATTTTAGAGCCTATGTGGATGGATTTGAACCGAACGGCTACATTGAGGGCAAGCTTTCTCAAAT 
GTCCAAAGAAGTAAATGCTAAAATTGAGCCTTTTTTGAAAACAACACCTCGACCAATTAGACTTCCGAATGGGCCTC 
CTTGTTTTCAGCGGTCAAAATTCCTGCTGATGGATTCTTTAAAATTAAGCATTGAGGATCCAAATCATGAAGGGGAG 
G GAATAC CAC TATAT GAT G CAAT CAAGT GTAT GAGAACAT T C T T T G GAT G GAAAGAAC C CAC T GT T GT CAAG C CACA 
CGAGAAGGGAATAAATCCGAATTATCTGCTGTCGTGGAAGCAGGTGTTGGAAGAGCTGCAGGACATTGAGAGTGAGG 
AGAAGAT T C CAAGAACAAAAAACAT GAAAAAAAC GAGT CAGT TAAAGT GGGCACT T GGT GAGAACAT GGCAC CAGAG 
AAGGTGGATTTTGATGACTGTAAAGATATAAGCGATTTGAAGCAATATGATAGTGACGAACCTGAATTAAGGTCATT 
T T CAAGT T G GAT C CAGAAT GAGT T CAACAAG GCAT G C GAG C T GAC C GAT T CAAT C T G GATAGAG C T C GAT GAGAT T G 
GAGAAGAT GTGGCCCC GAT T GAACACAT T G CAAG CAT GAGAAGAAAT TAC T T CACAG C T GAG GT GT C C CAT T G CAGA 
G C CAC T GAATATATAAT GAAAG G G GTATACAT TAATAC TGCTTTGCT TAAT G CAT C C T GT G CAG CAAT G GAT GAT T T 
C CAAC TAAT T C C TAT GATAAG CAAAT GTAGAAC TAAAGAG G GAAG GAGAAAGAC CAAT TTGTACGGCTT CAT CATAA 
AAGGAAGATCTCACTTAAGGAATGATACCGATGTGGTAAACTTTGTGAGCATGGAGTTTTCCCTCACTGACCCAAGA 
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CTT GAGCCACACAAAT GGGAGAAGTACT GT GTT CTT GAGATAGGAGATAT GCTT CTAAGGAGT GCAATAGGCCAAGT 

GT CAAGGCCCAT GTT CTT GTAT GTAAGAACAAAT GGAACCT CAAAAATTAAAAT GAAAT GGGGAAT GGAGAT GAGGC 

GTTGCCTCCTCCAATCCCTCCAACAAATAGAGAGCATGATTGAAGCTGAGTCCTCTGTCAAGGAGAAAGACATGACA 

AAAGAGTTTTTTGAGAATAGATCAGAAACATGGCCCATTGGAGAGTCACCAAAAGGAGTGGAAGAAGGTTCCATTGG 

5 GAAAGTATGCAGGACACTATTGGCTAAATCAGTATTCAATAGTCTGTATGCATCTCCACAATTAGAAGGATTTTCAG 

CTGAGTCAAGAAAGTTGCTCCTTATTGTTCAGGCTCTTAGGGACAATCTGGAACCTGGGACCTTTGATCTTGGGGGA 

CTATATGAAGCAATTGAGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCT 

AAAACAT GCATT GAGATAGCT GAGGCAAT GCTACTATTT GTTAT CCATACT GT CCAAAAAAGTA 

SEQ ID NO: 43 (PB1, 105p30) 
10 AGCGAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACATTACTTTTCTTAAAAGTGCCAGCACAAAATGCTAT 

AAGCACAACTTTT CCTTATACT GGT GACCCT CCTTACAGCCAT GGAACAGGAACAGGATACACCAT GGATACAGT CA 

ACAGGACACATCAGTACTCAGAAAGAGGAAGATGGACGAAAAATACCGAAACTGGAGCACCGCAACTCAACCCAATT 

GAT GGGCCACTACCAGAAGACAAT GAACCAAGT GGCTAT GCCCAAACAGATT GT GTATTAGAGGCAAT GGCTTT CCT 

TGAAGAATCCCATCCTGGTATTTTTGAAAACTCTTGTATTGAAACAATGGAGGTTGTTCAGCAAACAAGGGTGGACA 

15 AACTGACACAAGGCAGACAAACCTATGACTGGACTCTAAATAGGAACCAGCCTGCTGCCACAGCATTGGCAAACACC 

ATAGAAGTATT CAGAT CAAAT GGCCT CATAGCAAAT GAAT CT GGAAGGCTAATAGACTT CCTTAAAGAT GTAAT GGA 

GT CGAT GGACAGAGACGAAGTAGAGGT CACAACT CATTTT CAAAGAAAGAGGAGAGT GAGAGACAAT GTAACTAAAA 

AAATGGTGACCCAAAGAACAATAGGAAAAAAGAAACATAAATTAGACAAAAGAAGTTACCTAATTAGGGCATTAACC 

CT GAACACAAT GACCAAAGAT GCT GAGAGGGGGAAACTAAAACGCAGAGCAATT GCAACCCCAGGAAT GCAAATAAG 

20 GGGGTTT GTATACTTT GTT GAGACACT GGCAAGAAGCATAT GT GAAAAGCTT GAACAAT CAGGGTT GCCAGTT GGAG 

GAAAT GAGAAGAAAGCAAAGTTAGCAAATGTTGTAAGGAAGAT GAT GACCAACTCCCAGGACACTGAAATTTCTTTT 

ACCAT CACTGGAGATAACACAAAATGGAACGAAAAT CAAAACCCTAGAATGTTCTTGGCCAT GAT CACATATATAAC 

CAAAGATCAGCCTGAATGGTTCAGAAATATTCTAAGTATTGCTCCAATAATGTTTTCAAACAAAATGGCGAGACTAG 

GTAGGGGGTATATGTTTGAAAGCAAGAGTATGAAACTGAGAACCCAAATACCTGCAGAGATGCTAGCCAACATAGAT 

25 TT GAAATATTT CAAT GATT CAACTAAAAAGAAAATT GAAAAAATT CGACCATTATTAATAGAT GGAACT GCAT CATT 

GAGTCCTGGAATGATGATGGGCATGTTCAATATGTTAAGCACCGTCTTGGGCGTTTCCATTCTGAATCTTGGGCAAA 

AAAGATACACCAAGACTACTTACT GGT GGGATGGT CTT CAAT CGT CT GAT GATTTT GCTTT GATT GT GAAT GCACCC 

AATTATGCAGGAATTCAAGCTGGAGTTGACAGGTTTTATCGAACCTGTAAGCTGCTCGGAATTAATATGAGCAAAAA 

GAAGT CTTACATAAACAGAACAGGTACCTTT GAATT CACGAGCTTTTT CTAT CGTTAT GGGTTT GTT GCCAATTT CA 

30 GCAT GGAGCTT CCTAGTTTT GGGGT GT CT GGGGT CAAT GAAT CT GCAGACAT GAGTATT GGAGT CACT GT CAT CAAA 

AACAATATGATAAACAATGACCTTGGCCCAGCAACTGCTCAAATGGCCCTTCAGTTATTTATAAAAGATTACAGGTA 

CACTTATCGATGCCACAGAGGTGACACACAAATACAAACCCGGAGATCATTTGAAATAAAGAAACTATGGGACCAAA 

CCCGCTCCAAAGCTGGGCTGTTGGTCTCTGATGGAGGCCCCAATTTATATAACATTAGGAATCTACATATTCCTGAA 

GTCTGCTTGAAATGGGAGTTGATGGATGAGGATTACCAGGGGCGTTTATGCAACCCATTGAACCCGTTTGTCAGCCA 

35 TAAAGAGATTGAATCAGTGAACAATGCAGTGATAATGCCGGCACATGGTCCAGCCAAAAATATGGAGTATGACGCTG 

TTGCAACAACACACTCTTGGGTCCCCAAAAGAAATCGATCCATTTTAAACACGAGCCAAAGAGGGATACTTGAAGAT 

GAGCAAATGTACCAAAGGTGCTGCAATTTATTTGAAAAATTCTTCCCAAGTAGCTCATACAGAAGACCAGTTGGAAT 

AT CCAGTAT GGTAGAGGCTAT GGTTT CAAGAGCCCGAATT GAT GCACGGATT GATTT CGAAT CT GGAAGGATAAAGA 

AAGAGGAATT CGCT GAGAT CAT GAAGACCT GTT CCACCATT GAAGACCT CAGACGGCAAAAATAGGGAATTT GGCTT 

40 GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 44 (PB2, 105p30) 
AGCGAAAGCAGGT CAATTATATT CAATAT GGAAAGAATAAAAGAGCTAAGGAAT CT GAT GT CACAAT CT CGCACT CG 

CGAGATACTTACCAAAACTACTGTAGACCACATGGCCATAATAAAGAAATACACATCAGGAAGACAGGAGAAAAACC 

CAT CACTTAGGAT GAAAT GGAT GAT GGCAAT GAAATACCCAATTACAGCT GATAAAAGGATAACGGAAAT GATT CCT 

45 GAAAGAAAT GAGCAAGGACAGACACTAT GGAGTAAAGT GAAT GAT GCCGGAT CAGACCGAGT GAT GATAT CACCCCT 

AGCT GT GACAT GGT GGAACAGAAAT GGACCAGT GGCAAACACTAT CCACTAT CCAAAAAT CTACAAAACTTACTTTG 

AAAAGGTTGAAAGGTTAAAACATGGAACCTTTGGCCCTGTACACTTTAGAAACCAAGTCAAAATACGCCGAAGAGTC 

GACATAAAT CCT GGT CAT GCAGACCT CAGCGCCAAGGAGGCACAGGAT GTAATTAT GGAAGTT GTTTT CCCTAAT GA 

AGTGGGAGCCAGAATACTAACATCAGAATCGCAATTAACGATAACTAAGGAGAAAAAAGAGGAACTCCAGAATTGCA 

50 AAATTTCCCCTTTGATGGTTGCATACATGTTAGAGAGGGAACTTGTCCGCAAAACAAGATTTCTCCCGGTTGCAGGT 

GGAACAAGCAGTGTGTACATTGAAGTTTTGCATTTAACACAGGGGACATGCTGGGAGCAGATGTACACTCCAGGTGG 

GGAGGT GAGGAAT GAT GAT GTT GAT CAAAGCCTAATTATT GCT GCTAGGAACATAGT GAGAAGAGCT GCAGTAT CAG 

CAGAT CCACTAGCAT CTTTATTAGAAAT GT GCCATAGCACACAGATT GGT GGAACAAGGAT GGT GGATATT CT CAGG 

CAAAAT CCAACAGAAGAACAAGCT GT GGACATAT GCAAAGCAGCAAT GGGGCT GAGAAT CAGTT CAT CCTT CAGTTT 

55 TGGCGGATTCACATTTAAGAGAACAAGTGGATCGTCAGTCAAAAGGGAGGAAGAAGTGCTAACGGGCAATCTGCAAA 

CATTGAAGCTAACTGTGCATGAGGGATATGAAGAATTCACAATAGTTGGGAAAAAGGCAACAGCTATACTCAGAAAA 

GCAACCAGGAGATT GATT CAACTAATAGT GAGT GGAAGAGACGAACAGT CAATAGT CGAAGCAATAGTT GTAGCAAT 

GGTATT CT CACAAGAAGATT GCAT GGTAAAAGCGGTTAGAGGT GAT CT GAATTT CGTTAATAGAGCGAAT CAGCGGT 

TGAATCCCATGCATCAACTTTTGAGACATTTTCAGAAGGATGCTAAAGTACTTTTCCTAAATTGGGGAATTGAACAT 
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CTTGAGCCACACAAATGGGAGAAGTACTGTGTTCTTGAGATAGGAGATATGCTTCTAAGGAGTGCAATAGGCCAAGT 
GT CAAGGC C CAT GT T CT T GTAT GTAAGAACAAAT GGAAC CT CAAAAAT TAAAAT GAAAT GGGGAAT GGAGAT GAGGC 
GTTGCCTCCTC CAAT C C C T C CAACAAATAGAGAG CAT GAT T GAAG C T GAGT C C T C T GT CAAG GAGAAAGACAT GACA 
AAAGAGTTTTTTGAGAATAGATCAGAAACATGGCCCATTGGAGAGTCACCAAAAGGAGTGGAAGAAGGTTCCATTGG 
GAAAGTAT G CAG GACAC TAT T G G C TAAAT CAGTAT T CAATAGT C T GTAT G CAT C T C CACAAT TAGAAG GAT T T T CAG 
CTGAGTCAAGAAAGTTGCTCCTTATTGTTCAGGCTCTTAGGGACAATCTGGAACCTGGGACCTTTGATCTTGGGGGA 
CTATATGAAGCAATTGAGGAGTGCCTGATTAATGATCCCTGGGTTTTGCTTAATGCTTCTTGGTTCAACTCCTTCCT 
AAAACAT G CAT T GAGATAG C T GAG G CAAT G C TAC TAT T T GT TAT C CATAC T GT C CAAAAAAGTA 

SEQ ID NO: 43 (PBl, 105p30) 
AG C GAAAG CAG G CAAAC CAT T T GAAT G GAT GT CAAT C C GACAT TACTTTTCT TAAAAGT G C CAG CACAAAAT G C TAT 
AAG CACAAC T T T T C C T TATAC T G GT GAC C C T C C T TACAG C CAT G GAACAG GAACAG GATACAC CAT G GATACAGT CA 
ACAG GACACAT CAGTAC T CAGAAAGAG GAAGAT G GAC GAAAAATAC C GAAAC T G GAG CAC C G CAAC T CAAC C CAAT T 
GAT G G G C CAC TAC CAGAAGACAAT GAAC CAAGT G G C TAT G C C CAAACAGAT T GT GTAT TAGAG G CAAT GGCTTTCCT 
TGAAGAATCCCATCCTGGTATTTTTGAAAACTCTTGTATTGAAACAATGGAGGTTGTTCAGCAAACAAGGGTGGACA 
AAC T GACACAAG G CAGACAAAC C TAT GAC T G GAC T C TAAATAG GAAC CAG CCTGCTGC CACAG CAT T G G CAAACAC C 
ATAGAAGTAT T CAGAT CAAAT GGC CT CATAGCAAAT GAAT CT GGAAGGCTAATAGACT T C CT TAAAGAT GTAAT GGA 
GTCGATGGACAGAGACGAAGTAGAGGTCACAACTCATTTTCAAAGAAAGAGGAGAGTGAGAGACAATGTAACTAAAA 
AAAT GGT GAC C CAAAGAACAATAGGAAAAAAGAAACATAAAT TAGACAAAAGAAGT TAC CTAAT TAGGGCAT TAAC C 
C T GAACACAAT GAC CAAAGAT G C T GAGAG G G GGAAAC TAAAAC G CAGAG CAAT T G CAAC C C CAG GAAT G CAAATAAG 
GGGGTTTGTATACTTTGTTGAGACACTGGCAAGAAGCATATGTGAAAAGCTTGAACAATCAGGGTTGCCAGTTGGAG 
GAAAT GAGAAGAAAG CAAAGT TAG CAAAT GT T GTAAG GAAGAT GAT GAC CAAC T C C CAG GACAC T GAAAT T T C T T T T 
AC CAT CAC T G GAGATAACACAAAAT G GAAC GAAAAT CAAAAC C C TAGAAT GTTCTTGGC CAT GAT CACATATATAAC 
CAAAGAT CAG C C T GAAT G GT T CAGAAATAT T CTAAGTAT T G C T C CAATAAT GT T T T CAAACAAAAT G G C GAGAC TAG 
GTAGGGGGTATAT GT T T GAAAGCAAGAGTAT GAAACT GAGAAC C CAAATAC CT GCAGAGAT GCTAGC CAACATAGAT 
T T GAAATAT T T CAAT GAT T CAAC TAAAAAGAAAATT GAAAAAATT CGACCATTATTAATAGAT GGAACT GCAT CATT 
GAGTCCTGGAATGATGATGGGCATGTTCAATATGTTAAGCACCGTCTTGGGCGTTTCCATTCTGAATCTTGGGCAAA 
AAAGATACACCAAGACTACTTACTGGTGGGATGGTCTTCAATCGTCTGATGATTTTGCTTTGATTGTGAATGCACCC 
AATTATGCAGGAATTCAAGCTGGAGTTGACAGGTTTTATCGAACCTGTAAGCTGCTCGGAATTAATATGAGCAAAAA 
GAAGTCTTACATAAACAGAACAGGTACCTTTGAATTCACGAGCTTTTTCTATCGTTATGGGTTTGTTGCCAATTTCA 
GCATGGAGCTTCCTAGTTTTGGGGTGTCTGGGGTCAATGAATCTGCAGACATGAGTATTGGAGTCACTGTCATCAAA 
AACAATAT GATAAACAAT GAC C T T G G C C CAG CAAC T G C T CAAAT G G C C C T T CAGT TAT T TATAAAAGAT TACAG GTA 
CAC T TAT C GAT G C CACAGAG GT GACACACAAATACAAAC C C G GAGAT CAT T T GAAATAAAGAAAC TAT G G GAC CAAA 
CCCGCTCCAAAGCTGGGCTGTTGGTCTCTGATGGAGGCCCCAATTTATATAACATTAGGAATCTACATATTCCTGAA 
GTCTGCTTGAAATGGGAGTTGATGGATGAGGATTACCAGGGGCGTTTATGCAACCCATTGAACCCGTTTGTCAGCCA 
T AAAGAGAT T GAAT CAGT GAAC AAT G CAGT GAT AAT G C C G G CAC AT G GT C CAG C C AAAAAT AT G GAGT AT GAC G C T G 
T T G CAACAACACAC TCTTGGGTCCC CAAAAGAAAT C GAT C CAT T T TAAACAC GAG C CAAAGAG G GATAC T T GAAGAT 
GAG CAAAT GTAC CAAAG GT G C T G CAAT T TAT T T GAAAAAT T C T T C C CAAGTAG C T CATACAGAAGAC CAGT T G GAAT 
AT C CAGTAT G GTAGAG G C TAT G GT T T CAAGAGC C C GAAT T GAT G CAC G GAT T GAT T T C GAAT C T G GAAG GATAAAGA 
AAGAG GAAT T C G C T GAGAT CAT GAAGAC C T GT T C CAC CAT T GAAGAC C T CAGAC G G CAAAAATAG G GAAT T T G G C T T 
GTCCTTCATGAAAAAATGCCTTGTTTCTACT 

SEQ ID NO: 44 (PB2, 105p30) 
AG C GAAAG CAG GT CAAT TATAT T CAATAT G GAAAGAATAAAAGAG C TAAG GAAT C T GAT GT CACAAT C T C G CAC T C G 
C GAGAT AC T T AC C AAAAC TACT GT AGAC CAC AT G G C C AT AAT AAAGAAAT AC AC AT CAG GAAGAC AG GAGAAAAAC C 
CAT CAC T TAG GAT GAAAT G GAT GAT G G CAAT GAAATAC C CAAT TACAG C T GATAAAAG GATAAC G GAAAT GAT T C C T 
GAAAGAAAT GAG CAAG GACAGACAC TAT G GAGTAAAGT GAAT GAT G C C G GAT CAGAC C GAGT GAT GATAT CAC C C C T 
AG C T GT GACAT G GT G GAACAGAAAT G GAC CAGT G G CAAACAC TAT C CAC TAT C CAAAAAT C TACAAAAC TTACTTTG 
AAAAGGTTGAAAGGTTAAAACATGGAACCTTTGGCCCTGTACACTTTAGAAACCAAGTCAAAATACGCCGAAGAGTC 
GACATAAAT C C T G GT CAT G CAGAC C T CAG C G C CAAG GAG G CACAG GAT GTAAT TAT G GAAGT TGTTTTCCC TAAT GA 
AGT G G GAG C CAGAATAC TAACAT CAGAAT C G CAAT TAAC GATAAC TAAG GAGAAAAAAGAG GAAC T C CAGAAT T G CA 
AAATTTCCCCTTTGATGGTTGCATACATGTTAGAGAGGGAACTTGTCCGCAAAACAAGATTTCTCCCGGTTGCAGGT 
GGAACAAGCAGTGTGTACATTGAAGTTTTGCATTTAACACAGGGGACATGCTGGGAGCAGATGTACACTCCAGGTGG 
GGAGGTGAGGAATGAT GAT GTT GAT CAAAGCCTAATTATTGCTGCTAGGAACATAGTGAGAAGAGCT GCAGTATCAG 
CAGAT C CAC TAG CAT CTT TAT TAGAAAT GT G C CATAG CACACAGAT T G GT G GAACAAG GAT G GT G GATAT T C T CAG G 
CAAAAT C CAACAGAAGAACAAG C T GT G GACATAT G CAAAG CAG CAAT G G G G C T GAGAAT CAGT T CAT C C T T CAGT T T 
T G G C G GAT T CACAT T TAAGAGAACAAGT G GAT C GT CAGT CAAAAG G GAG GAAGAAGT G C TAAC G G G CAAT C T G CAAA 
CAT T GAAG C TAAC T GT G CATGAGGGATAT GAAGAATT CACAATAGTT GGGAAAAAGGCAACAGCTATACT CAGAAAA 
GCAACCAGGAGATTGATTCAACTAATAGTGAGTGGAAGAGACGAACAGTCAATAGTCGAAGCAATAGTTGTAGCAAT 
GGTATTCTCACAAGAAGATTGCATGGTAAAAGCGGTTAGAGGTGATCTGAATTTCGTTAATAGAGCGAATCAGCGGT 
TGAATCCCATGCATCAACTTTTGAGACATTTTCAGAAGGATGCTAAAGTACTTTTCCTAAATTGGGGAATTGAACAT 
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ATT GACAAT GT GAT GGGAAT GATT GGGATATTACCT GATAT GACT CCAAGTACCGAGAT GT CAAT GAGAGGAGT GAG 
AGT CAGCAAAAT GGGT GTAGAT GAATACT CCAAT GCT GAAAGGGTAGT GGTAAGCATT GACCGTTTTTT GAGGGT CC 
GGGACCAAAGAGGAAATGTATTACTGTCTCCAGAGGAAGTCAGTGAAACACAAGGAACAGAGAAACTGACAATAACT 
TACT CTT CAT CATT GAT GT GGGAGATTAAT GGCCCT GAGT CAGT GTT GAT CAATACCTACCAAT GGAT CAT CAGAAA 

5 CTGGGAGACTGTTAAAATTCAGTGGTCTCAGAACCCTACAATGCTATACAATAAAATGGAATTTGAGCCATTTCAAT 
CT CTAGT CCCCAAGGCCATTAGAGGCCAATACAGT GGGTTT GTTAGAACT CTATTT CAACAAAT GAGGGAT GT GCT C 
GGGACCTTTGACACAACTCAGATAATAAAACTTCTTCCCTTTGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAATT 
CT CGT CATTAACT GT GAAT GT GAGGGGAT CAGGAAT GAGAATACTT GTAAGGGGTAATT CT CCAGTATT CAACTACA 
ACAAGACCACTAAGAGACTCACAATCCTCGGAAAGGATGCTGGCACTTTAACTGAAGACCCAGATGAAGGCACAGCT 

10 GGAGTGGAATCTGCTGTTTTAAGGGGATTCCTCATTCTAGGCAAAGAAGATAGAAGATATGGGCCAGCATTAAGCAT 
CAGT GAATT GAGCAACCTT GCGAAAGGGGAGAAAGCTAAT GT GCTAATT GGGCAAGGGGAT GTAGT GTT GGTAAT GA 
AACGAAAACGGGACTCTAGCATACTTACTGACAGCCAGACAGCGACCAAAAGAATTCGGATGGCCATCAATTAATTT 
CGAATAATTTAAAAACGACCTTGTTTCTACT 

SEQ ID NO: 45 (NP, 105p30) 
15 AGCAAAAGCAGGGTAGATAAT CACT CACT GAGT GACAT CAAAGT CAT GGCGT CCCAAGGCACCAAACGGT CTTACGA 

ACAGAT GGAGACT GAT GGGGAACGCCAGAAT GCAACT GAAAT CAGAGCAT CCGT CGGAAGAAT GATT GGGGGAATTG 
GGCGATT CTACAT CCAAAT GT GCACCGAGCTTAAGCT CAAT GATTAT GAGGGACGACT GAT CCAGAACAGCTTAACA 
ATAGAGAGAAT GGT GCTTT CT GCTTTT GAT GAGAGGAGAAATAAATAT CT GGAAGAACAT CCCAGCGCAGGGAAAGA 
TCCTAAGAAAACTGGAGGACCCATATACAAGAGAGTAGATGGAAAGTGGGTGAGGGAACTCGTCCTTTATGACAAAG 

20 AAGAAATAAGGCGGATTT GGCGCCAAGCCAACAAT GGT GAT GAT GCAACAGCT GGTTT GACT CACATTAT GAT CT GG 
CATTCTAATTTGAATGATACAACTTACCAGAGGACAAGAGCTCTTGTCCGCACCGGAATGGATCCCAGGATGTGCTC 
TTT GAT GCAAGGTT CAACT CT CCCTAGAAGATCT GGAGCAGCAGGCGCT GCAGT CAAAGGAGTT GGGACAAT GGTAT 
T GGAGTTAAT CAGGAT GAT CAAACGT GGGAT CAACGACCGAAACTT CT GGAGGGGT GAGAAT GGGAGAAAAACAAGG 
ATTGCTTATGAGAGAATGTGCAACATTCTCAAAGGAAAATTTCAAACAGCTGCACAAAAAGCAATGATGGATCAAGT 

25 GAGAGAAAGCCGGAACCCAGGAAAT GCT GAGAT CGAAGAT CT CACTTTT CT GGCACGGT CT GCACT CATATT GAGAG 
GATCAGTTGCTCACAAGTCTTGCCTGCCTGCTTGTGTGTATGGACCAGCCGTAGCCAGTGGGTATGACTTCGAAAAA 
GAGGGATACTCTTTGGTGGGAGTAGACCCTTTCAAACTGCTTCAAACCAGTCAGGTATACAGCCTAATTAGACCAAA 
CGAGAAT CCCGCACACAAGAGCCAGTT GGT GTGGAT GGCAT GCAATT CT GCT GCATTT GAAGAT CTAAGAGT GT CAA 
GCTT CAT CAGAGGGACAAGAGTACTT CCAAGGGGGAAGCT CT CCACTAGAGGAGTACAAATT GCTT CAAAT GAAAAC 

30 AT GGAT GCTATT GT CT CAAGTACT CTT GAACTGAGAAGCAGATACT GGGCCATAAGAACCAGAAGT GGAGGGAACAC 
CAAT CAACAAAGGGCCT CT GCGGGCCAAAT CAGCACACAACCTACGTTTT CT GT GCAGAGAAACCT CCCATTT GACA 
AAACAACCAT CAT GGCAGCATT CACT GGGAATACAGAGGGAAGAACAT CAGACAT GCGGGCAGAAAT CATAAAGAT G 
AT GGAAAGT GCAAGACCAGAAGAAGT GT CCTTCCAGGGACGGGGAGT CTTT GAGCT CT CGGACGAAAGGGCAACGAA 
CCCGATCGTGCCCTCCTTTGACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTACGACAATT 

35 AATGAAAAATACCCTTGTTTCTACT 

SEQ ID NO: 46 (M, 105p30) 
AGCAAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTCTCTATCGTCCCATCAG 
GCCCCCT CAAAGCCGAGAT CGCACAGAGACTTGAAGAT GTATTT GCT GGAAAGAATACCGAT CTT GAGGCT CT CAT G 
GAAT GGCTAAAGACAAGACCAAT CCT GT CACCT CT GACTAAGGGGATTTTAGGATTT GT GTT CACGCT CACCGT GCC 

40 CAGT GAGCGAGGACT GCAGCGTAGACGCTTT GT CCAAAAT GCCCTTAAT GGGAAT GGGGAT CCAAATAATAT GGACA 
AGGCT GT CAAACT GTAT CGAAAGCTTAAGAGGGAGATAACATT CCAT GGGGCCAAAGAAATAGCACT CAGTTATT CT 
GCTGGAGCACTTGCCAGTTGTATGGGACTCATATACAACAGGATGGGGGCTGTGACCACCGAATCAGCATTTGGCCT 
TATAT GT GCAACCT GT GAACAGATT GCCGACTCCCAGCATAAGT CT CATAGGCAAAT GGTAACAACAACCAAT CCAT 
TAATAAGACATGAGAACAGAATGGTTCTGGCCAGCACTACAGCTAAGGCTATGGAGCAAATGGCTGGATCGAGTGAA 

45 CAAGCAGCT GAGGCCAT GGAGGTT GCTAGT CAGGCCAGGCAGAT GGT GCAGGCAAT GAGAGCCATT GGGACT CAT CC 
TAGCT CTAGCACT GGT CT GAAAAAT GAT CT CCTT GAAAATTT GCAGGCCTAT CAGAAACGAAT GGGGGT GCAGAT GC 
AACGATTCAAGTGATCCTCTTGTTGTTGCCGCAAGTATAATTGGGATTGTGCACCTGATATTGTGGATTATTGATCG 
CCTTTTTTCCAAAAGCATTTATCGTATTTTTAAACACGGTTTAAAAAGAGGGCCTTCTACGGAAGGAGTACCGGAGT 
CTAT GAGGGAAGAATAT CGAGAGGAACAGCAGAAT GCT GT GGAT GCT GACGAT GGT CATTTT GT CAGCATAGAGCTA 

50 GAGTAAAAAACTACCTTGTTTCTACT 

SEQ ID NO: 47 (NS, 105p30) 
AGCAAAAGCAGGGT GGCAAAGACATAAT GGATT CCCACACT GT GT CAAGCTTT CAGGTAGATT GTTT CCTTT GGCAT 
GTCCGCAAACAAGTTGCAGACCAAGATCTAGGCGATGCCCCCTTCCTTGATCGGCTTCGCCGAGATCAGAAGTCTCT 
AAAGGGACGAGGCAACACTCTCGGTCTGAACATCGAAACAGCCACTTGTGTTGGAAAGCAAATAGTAGAGAGGATTC 

55 TGAAAGAAGAATCCGATGAGACATTTAGAATGACCATGGCCTCCGCACTTGCTTCGCGGTACCTAACTGACATGACT 
GTT GAAGAAAT GT CAAGGGACT GGTT CAT GCTCAT GCCCAAGCAGAAAGT GGCT GGCCCT CTTT GT GT CAGAAT GGA 
CCAGGCGATAAT GGATAAGAACAT CATACT GAAAGCGAACTT CAGT GT GATTTTT GACCGGTT GGAGAAT CT GACAT 

60 

WO 2014/195920 PCT/IB2014/062030 
AT T GAC AAT GT GAT G G GAAT GAT T G G GAT AT T AC C T GAT AT GAC T C C AAGT AC C GAGAT GT CAAT GAGAG GAGT GAG 
AGTCAGCAAAATGGGTGTAGATGAATACTCCAATGCTGAAAGGGTAGTGGTAAGCATTGACCGTTTTTTGAGGGTCC 
GGGAC CAAAGAGGAAATGTATTACT GT CT CCAGAGGAAGT CAGT GAAACACAAGGAACAGAGAAACT GACAATAACT 
TACTCTTCATCATTGATGTGGGAGATTAATGGCCCTGAGTCAGTGTTGATCAATACCTACCAATGGATCATCAGAAA 
C T G G GAGAC T GT TAAAAT T CAGT G GT C T CAGAAC C C TACAAT G C TATACAATAAAAT G GAAT T T GAG C CAT T T CAAT 
CTCTAGTCCCCAAGGCCATTAGAGGCCAATACAGTGGGTTTGTTAGAACTCTATTTCAACAAATGAGGGATGTGCTC 
GGGACCTTTGACACAACTCAGATAATAAAACTTCTTCCCTTTGCAGCCGCTCCACCAAAGCAAAGTAGAATGCAATT 
CTCGTCATTAACTGTGAATGTGAGGGGATCAGGAATGAGAATACTTGTAAGGGGTAATTCTCCAGTATTCAACTACA 
ACAAGAC CAC TAAGAGAC T CACAAT C C T C G GAAAG GAT G C T G G CAC T T TAAC T GAAGAC C CAGAT GAAG G CACAG C T 
G GAGT G GAAT CTGCTGTTT TAAG G G GAT T C C T CAT T C TAG G CAAAGAAGATAGAAGATAT G G G C CAG CAT TAAG CAT 
CAGTGAATTGAGCAACCTTGCGAAAGGGGAGAAAGCTAATGTGCTAATTGGGCAAGGGGATGTAGTGTTGGTAATGA 
AAC GAAAAC G G GAC T C TAG CATAC T TAC T GACAG C CAGACAG C GAC CAAAAGAAT T C G GAT G G C CAT CAAT TAAT T T 
CGAATAATTTAAAAACGACCTTGTTTCTACT 

SEQ ID NO: 45 (NP, 105p30) 
AG CAAAAG CAG G GTAGATAAT CAC T CAC T GAGT GACAT CAAAGT CAT G G C GT C C CAAG G CAC CAAAC GGTCTTAC GA 
ACAGAT G GAGAC T GAT G G G GAAC G C CAGAAT GCAAC T GAAAT CAGAG CAT C C GT C G GAAGAAT GAT T G G G G GAAT T G 
G G C GAT T C TACAT C CAAAT GT G CAC C GAG C T TAAG C T CAAT GAT TAT GAG G GAC GAC T GAT C CAGAACAG C T TAACA 
ATAGAGAGAAT GGTGCTTTCTGCTTTT GAT GAGAG GAGAAATAAATAT C T G GAAGAACAT C C CAG C G CAG G GAAAGA 
T C C TAAGAAAAC T G GAG GAC C CATATACAAGAGAGTAGAT G GAAAGT G G GT GAG G GAAC TCGTCCTT TAT GACAAAG 
AAGAAATAAGGCGGATTTGGCGCCAAGCCAACAATGGTGATGATGCAACAGCTGGTTTGACTCACATTATGATCTGG 
CAT T C TAAT T T GAAT GATACAAC T TAC CAGAGGACAAGAG CTCTTGTCCG CAC C G GAAT G GAT C C CAG GAT GT G C T C 
TTTGATGCAAGGTTCAACTCTCCCTAGAAGATCTGGAGCAGCAGGCGCTGCAGTCAAAGGAGTTGGGACAATGGTAT 
T G GAGT TAAT CAG GAT GAT CAAAC GT G G GAT CAAC GAC C GAAAC T T C T G GAG G G GT GAGAAT G G GAGAAAAACAAG G 
AT T G C T TAT GAGAGAAT GT G CAACAT T C T CAAAG GAAAAT T T CAAACAG C T G CACAAAAAG CAAT GAT G GAT CAAGT 
GAGAGAAAGCCGGAACCCAGGAAATGCTGAGATCGAAGATCTCACTTTTCTGGCACGGTCTGCACTCATATTGAGAG 
GATCAGTTGCTCACAAGTCTTGCCTGCCTGCTTGTGTGTATGGACCAGCCGTAGCCAGTGGGTATGACTTCGAAAAA 
GAG G GATAC TCTTTGGTGG GAGTAGAC C C T T T CAAAC T G C T T CAAAC CAGT CAG GTATACAG C C TAAT TAGAC CAAA 
CGAGAATCCCGCACACAAGAGCCAGTTGGTGTGGATGGCATGCAATTCTGCTGCATTTGAAGATCTAAGAGTGTCAA 
G C T T CAT CAGAG G GACAAGAGTAC T T C CAAG GG G GAAG C T C T C CAC TAGAG GAGTACAAAT T G C T T CAAAT GAAAAC 
AT G GAT G C TAT T GT C T CAAGTAC T C T T GAAC T GAGAAG CAGATAC T G G G C CATAAGAAC CAGAAGT G GAG G GAACAC 
CAATCAACAAAGGGCCTCTGCGGGCCAAATCAGCACACAACCTACGTTTTCTGTGCAGAGAAACCTCCCATTTGACA 
AAACAAC CATCAT GGCAGCATT CACT GGGAATACAGAGGGAAGAACATCAGACAT GCGGGCAGAAATCATAAAGAT G 
ATGGAAAGTGCAAGACCAGAAGAAGTGTCCTTCCAGGGACGGGGAGTCTTTGAGCTCTCGGACGAAAGGGCAACGAA 
CCCGATCGTGCCCTCCTTTGACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTACGACAATT 
AATGAAAAATACCCTTGTTTCTACT 

SEQ ID NO: 46 (M, 105p30) 
AGCAAAAGCAGGTAGATATTGAAAGATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTCTCTATCGTCCCATCAG 
GCCCCCTCAAAGCCGAGATCGCACAGAGACTTGAAGATGTATTTGCTGGAAAGAATACCGATCTTGAGGCTCTCATG 
GAATGGCTAAAGACAAGACCAATCCTGTCACCTCTGACTAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCC 
CAGTGAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTTAATGGGAATGGGGATCCAAATAATATGGACA 
AG G C T GT CAAAC T GTAT C GAAAG C T TAAGAG GGAGATAACAT T C CAT G G G G C CAAAGAAATAG CAC T CAGT TAT T C T 
GCTGGAGCACTTGCCAGTTGTATGGGACTCATATACAACAGGATGGGGGCTGTGACCACCGAATCAGCATTTGGCCT 
TATAT GT G CAAC C T GT GAACAGAT T G C C GAC T C C CAG CATAAGT C T CATAG G CAAAT G GTAACAACAAC CAAT C CAT 
TAATAAGACAT GAGAACAGAAT GGTTCTGGC CAG CAC TACAG C TAAG G C TAT G GAG CAAAT G G C T G GAT C GAGT GAA 
CAAGCAGCTGAGGCCATGGAGGTTGCTAGTCAGGCCAGGCAGATGGTGCAGGCAATGAGAGCCATTGGGACTCATCC 
TAGCTCTAGCACTGGTCTGAAAAATGATCTCCTTGAAAATTTGCAGGCCTATCAGAAACGAATGGGGGTGCAGATGC 
AACGATTCAAGTGATCCTCTTGTTGTTGCCGCAAGTATAATTGGGATTGTGCACCTGATATTGTGGATTATTGATCG 
CCTTTTTTCCAAAAGCATTTATCGTATTTTTAAACACGGTTTAAAAAGAGGGCCTTCTACGGAAGGAGTACCGGAGT 
C TAT GAG G GAAGAATAT C GAGAG GAACAG CAGAAT G C T GT G GAT G C T GAC GAT GGT CAT T T T GT CAG CATAGAG C TA 
GAGTAAAAAACTACCTTGTTTCTACT 

SEQ ID NO: 47 (NS, 105p30) 
AGCAAAAGCAGGGTGGCAAAGACATAATGGATTCCCACACTGTGTCAAGCTTTCAGGTAGATTGTTTCCTTTGGCAT 
GTCCGCAAACAAGTTGCAGACCAAGATCTAGGCGATGCCCCCTTCCTTGATCGGCTTCGCCGAGATCAGAAGTCTCT 
AAAG G GAC GAG G CAACAC TCTCGGTCT GAACAT C GAAACAG C CAC TTGTGTTG GAAAG CAAATAGTAGAGAG GAT T C 
TGAAAGAAGAATCCGATGAGACATTTAGAATGACCATGGCCTCCGCACTTGCTTCGCGGTACCTAACTGACATGACT 
GTTGAAGAAATGTCAAGGGACTGGTTCATGCTCATGCCCAAGCAGAAAGTGGCTGGCCCTCTTTGTGTCAGAATGGA 
C CAG G C GATAAT G GATAAGAACAT CATAC T GAAAG C GAAC T T CAGT GT GAT T T T T GAC C G GT T G GAGAAT C T GAC AT 
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TACTAAGGGCT T T CACCGAAGAGGGAGCAAT T GT T GGCGAAAT T T CACCAT T GCCT T CT T T T CCAGGACATACTAAT 

GAGGAT GT CAAAAAT GCAAT T GGGGT C CT CAT C GGGGGACT T GAAT GGAAT GATAACACAGT T C GAGT CT CT GAAGC 

T CTACAGAGAT T CGCT T GGAGAAGCAGTAAT GAGACT GGGGGACCT CCAT T CAC TACAACACAGAAACGGAAAAT GG 

CGGGAACAAT TAGGT CAGAAGT T T GAAGAAATAAGAT GGCT GAT T GAAGAAGT GAGGCATAAAT T GAAGAC GACAGA 

5 GAGTAGT T T T GAACAAATAACAT T TAT GCAAGCAT TACAGCTAT T GT T T GAAGT GGAACAAGAGAT TAGAACGT T CT 

CGT T T CAGCT TAT T TAAT GATAAAAACACCCTT GT T T CTACT 

SEQ ID NO: 48 (IL4, 105p30) 
AGCGAAAGCAGGGGAAAATAAAAGCAAC CAAAAT GAAAGTAAAAC TACT GGT T CT GT TAT GTACAT T TACAGCTACA 

TAT GCAGACACAATAT GTATAGGCTAC CAT GCCAACAACT CAACCGACACT GT T GACACAGTACT T GAGAAGAAT GT 

10 AACAGT GACACACT CT GT CAACCTACT T GAGGACAGT CACAAT GGAAAAC TAT GT CTAC TAAAAGGAATAGCCCCAC 

TACAAT T GGGTAAT T GCAGCGT T GCCGGAT GGAT CT TAGGAAACCCAGAAT GCGAAT TACT GAT T T CCAAGGAAT CA 

T GGT CCTACAT T GTAGAAACAC CAAAT CCT GAGAAT GGAACAT GT TACCCAGGGTAT T T CGCCGAC TAT GAGGAAC T 

GAGGGAGCAAT T GAGT T CAGTAT CT T CAT T T GAAAGGT T CGAAATAT T CCCCAAAGAGAGCT CAT GGCCCAAC CACA 

C C GTAAC C GGAGTAT CAGCAT CAT GCT C C CATAAC GGGAAAAGCAGT T T T TACAGAAAT T T GCTAT GGCT GAC GGGG 

15 AAGAAT GGT T T GTACCCAAACCT GAGCAAGT CCTAT GCAAACAACAAAGAGAAAGAAGT CCT T GTAC TAT GGGGT GT 

T CAT CACCCGCCTAACATAGGGGACCAAAGGGCCCT CTAT CATACAGAAAAT GCT TAT GT CT CT GTAGT GT CT T CAC 

AT TATAGCAGAAGAT T CAC C C CAGAAATAGC CAAAAGAC C CAAGGT GAGAGAC CAGGAAGGAAGAAT CAAC TAC TAC 

T GGACT CT GCT GGAAC C C GGGGATACAATAATAT T T GAGGCAAAT GGAAAT CTAATAGC GC CAAGGTAT GCT T T C GC 

ACT GAGTAGAGGCT T GGGAT CAGGAAT CAT CACCT CAAAT GCAC CAAT GGAT GAAT GT GAT GCAAAGT GT CAAACAC 

20 CT CAGGGAGCTATAAACAGCAGT CT T CCT T T CCAGAAT GTACACCCAGT CACAATAGGAGAGT GT CCAAAGTAT GT C 

AGGAGT GCAAAAT TAAGGAT GGT TACAGGAC TAAGGAACAT CCCAT CCAT T CAAT CCAGAGGT T T GT T T GGAGCAAT 

T GCCGGT T T CAT T GAAGGGGGGT GGACT GGAAT GGTAGAT GGT T GGTAT GGT TAT CAT CAT CAGAAT GAGCAAGGAT 

CT GGGTAT GCT GCAGAT CAAAAAAGCACACAAAAT GCCAT TAACGGGAT TACAAACAAGGT GAAT T CT GTAAT T GAG 

AAAAT GAACACT CAAT T CACAGCT GT GGGCAAAGAAT T CAACAAAT T GGAAAGAAGGAT GGAAAACT TAAATAAAAA 

25 AGT T GAT GAT GGGT T T CTAGACAT T T GGACCTATAAT GCAGAAT T GT T GGT T CTACT GGAAAAT GAAAGGACT T T GG 

AT T T C CAT GACT CCAACGT GAAGAAT CT G TAT GAGAAAGTAAAAAGCCAAT TAAAGAATAAT G C CAAAGAAATAG GA 

AACGGGT GT T T T GAAT T CTAT CACAAGT GTAAC GAT GAAT GCAT GGAGAGT GT GAAAAAT GGAACT TAT GAC TAT CC 

AAAATAT T CC GAAGAAT CAAAGT TAAACAGAGAGAAAAT T GAT G GAG T GAAAT T GGAAT CAAT G G GAG T C TAT CAGA 

TTCTGGCGATCTACTCAACAGTCGCCAGTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATGTGT 

30 T CCAAT GGGT CT T T GCAGT GTAGAATAT GCAT CTAAGAC CAGAAT T T CAGAAATATAAGGAAAAACACCCT T GT T T C 

TACT 

SEQ ID NO: 49 (NA, 105p30) 
AGCAAAAGCAGGAGT T TAAAAT GAAT C CAAAT CAAAAAATAATAAC CAT T GGAT CAAT CAGTATAGCAAT C GGAATA 

AT TAGT CTAAT GT T GCAAATAGGAAATAT TATT T CAATAT GGGCTAGT CACT CAAT CCAAACT GGAAGT CAAAAC CA 

35 CACT GGAATAT GCAAC CAAAAAAT CAT CACATAT GAAAACAGCACCT GGGT GAAT CACACATAT GT TAATAT TAACA 

ACACTAAT GT T GT T GCT GGAAAGGACAAAACTT CAGT GACACT GGCCGGCAAT T CAT CT CT T T GT CCTAT CAGT GGA 

T GGGCTATATACACAAAAGACAACAGCATAAGAAT T GGCT CCAAAGGAGAT GT T T T T GT CATAAGAGAACCT T T CAT 

AT CAT GT T CT CACT T GGAAT GCAGAACCT T T TT T CT GACCCAAGGT GCT CTAT TAAAT GACAAACAT T CAAAT GGAA 

CCGT TAAGGACAGAAGT CCT TATAGGGCCT TAAT GAGCT GT CCT CTAGGT GAAGCCCCGT CACCATACAAT T CAAAG 

40 T T T GAAT CAGT T GCAT GGT CAGCAAGCGCAT GCCAT GAT GGCAAGGGCT GGT TAACAAT CGGAAT T T CT GGT CCAGA 

CAAT GGAGCT GT GGCT GTAC TAAAATACAACGGAATAATAACT GAAAC CATAAAAAGT T GGGAAAAGCGAATAT T GA 
GAACACAAGAGT CT GAAT GT GT T T GT GT GAACGGGT CAT GT T T CACCATAAT GACCGAT GGCCCGAGTAAT GGGGCC 

GCCT CGTACAAAAT CT T CAAGAT CGAAAAGGGGAAGGT TAC TAAAT CAACAGAGT T GAAT GCACCCAAT T T T CAT TA 

T GAGGAAT GT T CCT GT TACCCAGACACT GGCACAGT GAT GT GT GTAT GCAGGGACAACT GGCAT GGT T CAAAT CGAC 

45 CT T GGGTAT CT T T TAAT CAAAACT T GGAT TAT CAAATAGGATACAT CT GCAGT GGAGT GT T CGGT GACAAT CCGCGT 

CCCAAAGAT GGGAAGGGCAGCT GTAAT CCAGT GACT GT T GAT GGAGCAGACGGAGT TAAGGGGT T T T CATACAAATA 

T GGTAAT GGT GT T T GGATAGGAAGGAC TAAAAGTAACAGACT TAGAAAGGGGT T T GAGAT GAT T T GGGAT CCTAAT G 

GAT GGACAGATACCGACAGT GAT T T CT CAGT GAAACAGGAT GT T GT GGCAATAACT GAT T GGT CAGGGTACAGCGGA 

AGT T T CGT CCAACAT CCT GAGT TAACAGGAT T GGACT GTATAAGACCT T GCT T CT GGGT T GAGT TAGT CAGAGGACT 

50 GCCTAGAGAAAATACAACAAT CT GGAC TAGT GGGAGCAGCAT T T CT T T T T GT GGCGT T GATAGT GATACT GCAAAT T 

GGT CT T GGCCAGACGGT GCT GAGT T GCCGT T CACCAT T GACAAGTAGCT CGT T GAAAAAAACT CCT T GT T T CTACT 

SEQ ID NO: 50 (IIA, A/Chile/1/1983) 
MKAKL LVL L CAL SAT DADT I CI GYHANNSTDTVDTVLEKNVTVTHSVNLLEDNHNGKLCKLKGIAPLQLGKCS IAGW 

I LGNPECESLFSKKSWSYIAET PNSENGTCYPGYFADYEELREQLS SVS S FERFEI FPKES SWPKHNVTKGVTAACS 

55 HKGKS S FYRNLLWLTEKNGSYPNL S KSYVNNKEKEVLVLWGVHHP SN I EDQKT I YRKENAYVSVVS SHYNRRFT PEI 

AKRPKVRNQEGRINYYWTLLEPGDT I I FEANGNLIAPWYAFAL S RGFGS GI I T SNASMDECDAKCQT P Q GAI NS S LP 

FQNVH PVT I GEC P KYVRS T KL RMVT GL RN I PSIQS RGL FGAIAGF I EGGWTGMI DGWYGYHHQNEQ GS GYAADQKST 
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TACTAAGGGCTTTCACCGAAGAGGGAGCAATTGTTGGCGAAATTTCACCATTGCCTTCTTTTCCAGGACATACTAAT 
GAGGATGTCAAAAATGCAATTGGGGTCCTCATCGGGGGACTTGAATGGAATGATAACACAGTTCGAGTCTCTGAAGC 
T CTACAGAGAT T C GCT T GGAGAAGCAGTAAT GAGACT GGGGGAC CT C CAT T CACTACAACACAGAAAC GGAAAAT GG 
C G G GAACAAT TAG GT CAGAAGT T T GAAGAAATAAGAT G G C T GAT T GAAGAAGT GAG G CATAAAT T GAAGAC GACAGA 
GAGTAGTTTTGAACAAATAACATTTATGCAAGCATTACAGCTATTGTTTGAAGTGGAACAAGAGATTAGAACGTTCT 
CGTTTCAGCTTATTTAATGATAAAAACACCCTTGTTTCTACT 

SEQ ID NO: 48 (HA, 105p30) 
AG C GAAAG CAG G G GAAAATAAAAG CAAC CAAAAT GAAAGTAAAAC TACTGGTTCTGT TAT GTACAT T TACAG C TACA 
TAT G CAGACACAATAT GTATAG G C TAC CAT G C CAACAAC T CAAC C GACAC T GT T GACACAGTAC T T GAGAAGAAT GT 
AACAGT GACACAC T C T GT CAAC C TAC T T GAG GACAGT CACAAT G GAAAAC TAT GT C TAC TAAAAG GAATAG C C C CAC 
TACAATTGGGTAATTGCAGCGTTGCCGGATGGATCTTAGGAAACCCAGAATGCGAATTACTGATTTCCAAGGAATCA 
T G GT C C TACAT T GTAGAAACAC CAAAT C C T GAGAAT G GAACAT GT TAC C CAG G GTAT T T C G C C GAC TAT GAG GAAC T 
GAG G GAG CAAT T GAGT T CAGTAT CTT CAT T T GAAAG GT T C GAAATAT T C C C CAAAGAGAG C T CAT G G C C CAAC CACA 
CCGTAACCGGAGTATCAGCATCATGCTCCCATAACGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTGACGGGG 
AAGAATGGTTTGTACCCAAACCTGAGCAAGTCCTATGCAAACAACAAAGAGAAAGAAGTCCTTGTACTATGGGGTGT 
TCATCACCCGCCTAACATAGGGGACCAAAGGGCCCTCTATCATACAGAAAATGCTTATGTCTCTGTAGTGTCTTCAC 
AT TATAG CAGAAGAT T CAC C C CAGAAATAG C CAAAAGAC C CAAG GT GAGAGAC CAG GAAG GAAGAAT CAAC TAC TAC 
TGGACTCTGCTGGAACCCGGGGATACAATAATATTTGAGGCAAATGGAAATCTAATAGCGCCAAGGTATGCTTTCGC 
ACT GAGTAGAGGCT T GGGATCAGGAATCAT CACCT CAAAT GCACCAAT GGAT GAAT GT GAT GCAAAGT GT CAAACAC 
CTCAGGGAGCTATAAACAGCAGTCTTCCTTTCCAGAATGTACACCCAGTCACAATAGGAGAGTGTCCAAAGTATGTC 
AG GAGT G CAAAAT TAAG GAT GGT TACAG GAC TAAG GAACAT C C CAT C CAT T CAAT C CAGAG GT T T GT T T G GAG CAAT 
TGCCGGTTTCATTGAAGGGGGGTGGACTGGAATGGTAGATGGTTGGTATGGTTATCATCATCAGAATGAGCAAGGAT 
C T G G GTAT G C T G CAGAT CAAAAAAG CACACAAAAT G C CAT TAAC G G GAT TACAAACAAG GT GAAT T C T GTAAT T GAG 
AAAAT GAAC AC T CAAT T CAC AG C T GT G G G C AAAGAAT T CAAC AAAT T G GAAAGAAG GAT G GAAAAC T T AAAT AAAAA 
AGTTGATGATGGGTTTCTAGACATTTGGACCTATAATGCAGAATTGTTGGTTCTACTGGAAAATGAAAGGACTTTGG 
AT T T C CAT GAC T C CAAC GT GAAGAAT C T GTAT GAGAAAGTAAAAAG C CAAT TAAAGAATAAT G C CAAAGAAATAG GA 
AACGGGTGTTTTGAATTCTATCACAAGTGTAACGATGAATGCATGGAGAGTGTGAAAAATGGAACTTATGACTATCC 
AAAATAT T C C GAAGAAT CAAAGT TAAACAGAGAGAAAAT T GAT GGAGT GAAAT T GGAAT CAAT GGGAGT CTAT CAGA 
TTCTGGCGATCTACTCAACAGTCGCCAGTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATGTGT 
T C CAAT GGGTCTTTG CAGT GTAGAATAT G CAT C TAAGAC CAGAAT T T CAGAAATATAAG GAAAAACAC CCTTGTTTC 
TACT 

SEQ ID NO: 49 (NA, 105p30) 
AG C AAAAG CAG GAGT T T AAAAT GAAT C CAAAT C AAAAAAT AAT AAC CAT T G GAT CAAT CAGT AT AG CAAT C G GAAT A 
AT TAGT C TAAT GT T G CAAATAG GAAATAT TAT T T CAATAT GGGCTAGT CAC T CAAT C CAAAC T G GAAGT CAAAAC CA 
CAC T G GAATAT G CAAC CAAAAAATCAT CACATAT GAAAACAGCACCT GGGT GAAT CACACATAT GTTAATATTAACA 
ACACTAATGTTGTTGCTGGAAAGGACAAAACTTCAGTGACACTGGCCGGCAATTCATCTCTTTGTCCTATCAGTGGA 
T G G G C TATATACACAAAAGACAACAG CATAAGAAT T G G C T C CAAAG GAGAT GTTTTTGT CATAAGAGAAC C T T T CAT 
ATCATGTTCTCACTTGGAATGCAGAACCTTTTTTCTGACCCAAGGTGCTCTATTAAATGACAAACATTCAAATGGAA 
CCGTTAAGGACAGAAGTCCTTATAGGGCCTTAATGAGCTGTCCTCTAGGTGAAGCCCCGTCACCATACAATTCAAAG 
TTTGAATCAGTTGCATGGTCAGCAAGCGCATGCCATGATGGCAAGGGCTGGTTAACAATCGGAATTTCTGGTCCAGA 
CAAT G GAG CTGTGGCTGTAC TAAAATACAAC GGAATAATAAC T GAAAC CATAAAAAGT T G G GAAAAG C GAATAT T GA 
GAACACAAGAGTCTGAATGTGTTTGTGTGAACGGGTCATGTTTCACCATAATGACCGATGGCCCGAGTAATGGGGCC 
GC CT C GTACAAAAT CTT CAAGAT C GAAAAGGGGAAGGT TACTAAAT CAACAGAGT T GAAT GCAC C CAAT T T T CAT TA 
TGAGGAATGTTCCTGTTACCCAGACACTGGCACAGTGATGTGTGTATGCAGGGACAACTGGCATGGTTCAAATCGAC 
CTTGGGTATCTTTTAATCAAAACTTGGATTATCAAATAGGATACATCTGCAGTGGAGTGTTCGGTGACAATCCGCGT 
CCCAAAGATGGGAAGGGCAGCTGTAATCCAGTGACTGTTGATGGAGCAGACGGAGTTAAGGGGTTTTCATACAAATA 
TGGTAATGGTGTTTGGATAGGAAGGACTAAAAGTAACAGACTTAGAAAGGGGTTTGAGATGATTTGGGATCCTAATG 
GATGGACAGATACCGACAGTGATTTCTCAGTGAAACAGGATGTTGTGGCAATAACTGATTGGTCAGGGTACAGCGGA 
AGTTTCGTCCAACATCCTGAGTTAACAGGATTGGACTGTATAAGACCTTGCTTCTGGGTTGAGTTAGTCAGAGGACT 
GCCTAGAGAAAATACAACAATCTGGACTAGTGGGAGCAGCATTTCTTTTTGTGGCGTTGATAGTGATACTGCAAATT 
GGTCTTGGCCAGACGGTGCTGAGTTGCCGTTCACCATTGACAAGTAGCTCGTTGAAAAAAACTCCTTGTTTCTACT 

SEQ ID NO: 50 (HA, A/Chile/1/1983) 
MKAKLLVLLCALSATDADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDNHNGKLCKLKGIAPLQLGKCSIAGW 
ILGNPECESLFSKKSWSYIAETPNSENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWPKHNVTKGVTAACS 
HKGKSSFYRNLLWLTEKNGSYPNLSKSYWNKEKEVLVLWGVHHPSNIEDQKTIYRKENAYVSWSSHYNRRFTPEI 
AKRPKVRNQEGRINYYWTLLEPGDTIIFEANGNLIAPWYAFALSRGFGSGIITSNASMDECDAKCQTPQGAINSSLP 
FQNVHPVTIGECPKYVRSTKLRMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKST 
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QNAINGITNKVNS I I EKMNTQFTAVGKEENKLEKRMENLNKKVDDGELDIWTYNAELLVLLENERT LDFHDSNVKNL 

YEKVKSQLKNNAKEI GNGCFEFYHKCNNECMESVKNGTYDYPKYS EES KLNREKI DGVKLESMGVYQI LAI YS TVAS 

SLVLLVSLGAI S FWMCSNGSLQCRI CI 

SEQ ID NO: 51 (NA, A/Chile/1/1983) 
5 MNPNQKI I T I GS I CMT I GI I SLI LQI GNI I S IWVSHS I QT GSQNHT GI CNQRI I TYENS TWVNQTYVNINNTNVVAG 

KDTTSVTLAGNS S LCP I RGWAI YS KDNS I RI GS KGDVFVI REP FI S CSHLECRT FFLTQGALLNDKHSNGTVKDRS P 

YRALMS CP I GEAPS PYNS RFESVAWSASACHDGMGWLT I GI S GP DDGAVAVLKYNGI I T ET I KSWRKRI LRTQES EC 

VCVNGSCETIMIDGPSNGPASYRI FKIEKGKITKS I ELDAPNSHYEECS CYP DT GTVMCVCRDNWHGSNRPWVS FNQ 

NLDYQI GYI CS GVFGDNP RPKDGKGS CDPVTVDGADGVKGES YRYGNGVWI GRTKSNS S RKGFEMIWDPNGWT DT DS 

10 NFLVKQDVVAMT DWS GYS GS FVQHP ELT GLDCMRP CFWVELVRGRP REGTTVWT S GS S I S FCGVNSDTANWSWPDGA 

ELPFTIDK 

SEQ ID NO: 52 (NA, A/California/04/09) 
MNPNQKI I T I GSVCMT I GMANL I LQI GNI I S IWI SHS I QLGNQNQI ET CNQSVI TYENNTWVNQTYVNI SNTNFAAG 

QSVVSVKLAGNS SLCPVSGWAIYSKDNSVRI GS KGDVFVI REP FI S CS P LECRT FFLTQGALLNDKHSNGT I KDRS P 

15 YRT LMS CP I GEVPS PYNS RFESVAWSASACHDGINWLT I GI S GP DNGAVAVLKYNGI I T DT I KSWRNNI LRTQES EC 

ACVNGS CFTVMT DGP SNGQAS YKI FRI EKGKIVKSVEMNAPNYHYEECS CYP DS SEITCVCRDNWHGSNRPWVS FNQ 

NLEYQI GYI CS GI FGDNPRPNDKTGSCGPVS SNGANGVKGFS FKYGNGVWI GRTKS I S S RNGFEMIWDPNGWT GT DN 

NES I KQDIVGINEWS GYS GS FVQHP ELT GLDCI RP CFWVEL I RGRPKENT IWT S GS S I S FCGVNSDTVGWSWPDGAE 

LPFTIDK 

20 SEQ ID NO: 53 (PA, A/New Caledonia/20/1999) 
MEDFVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAI CTHLEVCFMYSDFHFIDERGES I IVES GDPNALLKHRFE 

I I EGRDRIMAWTVVNS I CNTTGVEKPKFLPDLYDYKENRFIEI GVTRREVHI YYLEKANKI KS EKTHI HI FS FT GEE 

MATKADYTLDEES RARI KT RL FT I RQEMAS RSLWDS FRQS ERGEET I EEKFEI T GTMRKLADQS L P PNFP S LENFRA 

YVDGFEPNGCI EGKL SQMS KEVNAKI EP FLRTT P RP LRL P DGP LCHQRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 

25 KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKI PRTKNMKRTSQLKWALGENMAPEKVDFDDCK 

DVGDLKQYDS DEP EP RS LASWVQNEFNKACELT DS SWIELDEI GEDVAP I EHIASMRRNYFTAEVSHCRAT EYIMKG 

VYINTALLNAS CAAMDDFQL I PMI SKCRTKEGRRKTNLYGFI I KGRSHLRNDT DVVNEVSMEFS LT DP RLEPHKWEK 

YCVLEI GDMLLRTAI GQVS RPMFLYVRTNGT SKI KMKWGMEMRRCLLQS LQQI ESMI EAES SVKEKDMTKEFFENKS 

ETWP I GES PRGVEEGS I GKVCRILLAKSVENSLYAS PQLEGFSAES RKLLL IVQALRDNLEP GT FDLGGLYEAI EEC 

30 LINDPWVLLNASWFNS FLTHALK 

SEQ ID NO: 54 (PB1, A/New Caledonia/20/1999) 
MDVNPTLL FLKVPAQNAI S TT FPYT GDP PYSHGT GT GYTMDTVNRTHQYS ERGRWTKNT ET GAPQLNP I DGP L PKDN 

EP S GYAQT DCVLEAMAFLEESHP GI FENS CI ETMEVVQQT RVDKLIQGRQTYDWILNRNQPAATALANT I EVFRSNG 

L IANES GRL I DELKDVMESMDRDEVEVITHFQRKRRVRDNVIKKMVTQRT I GKKKHKLDKRS YL I RALT LNTMTKDA 

35 ERGKLKRRAIAT P GMQI RGFVYFVET LARS I CEKLEQSGLPVGGNEKKAKLANVVRKMMTNSQDTEI S FT I T GDNTK 

WNENQNP RMFLAMI TYI TKNQP EWFRNI L S IAPIMESNKMARLGKGYMFESKSMKLRTQI PAEMLANIDLKYFNDST 

KRKI EKI RP LL I DGTAS L S PGMMMGMFNMLSTVLGVS I LNLGQKRYTKTTYWWDGLQS SDDFALIVNAPNYAGIQAG 

VDREYRICKLLGINMS KKKS YINRT GT FEET S FFYRYGEVANFSMEL P S FGVSGVNESADMS I GVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRS FEI KKLWDQT RS KAGLLVS DGGPNLYNI RNLHI PEVCLKWELM 

40 DEDYQGRLCNP SNP FVSHKEI ESVNNAVMMPAHGPAKNMEYDAVATTHSWVPKRNRS I LNT SQRGI LEDEQMYQRCC 

NLFEKFFPS S SYRRPVGI S SMVEAMVS RARI DARI DEES GRI KKEEFAEIMKT CS T I EDLRRQK 

SEQ ID NO: 55 (PB2, A/New Caledonia/20/1999) 
MERIKELRNLMSQSRTREILTKITVDHMAI I KKYT S GRQEKNP S LRMKWMMAMKYP I TADKRI T EMI PERNEQGQTL 

WS KVNDAGS DRVMI S P LAVTWWNRNGPVAS T IHYPKI YKTYFEKVERLKHGT FGPVHFRNQVKI RRRVDINP GHADL 

45 SAKEAQDVIMEVVFPNEVGARI LT S ESQLT I TKEKKEELQNCKI S PLMVAYMLERELVRKTRFLPVAGGTS SVYI EV 

LHLTQGT CWEQMYT P GGEVRNDDVDQS L I IAARNIVRRAAVSADP LAS LLEMCHS TQI GGT RMVDI LRQNPT EEQAV 

DI CKAAMGLRI S S S FS EGGFT FKRT S GS SVKREEEVLIGNLQT LKLTVHEGYEEFTMVGKRATAI LRKAT RRL I QL I 

VS GRDEQ S IVEAIVVAMVFS QEDCMVKAVRGDLN FVNRANQRLN PMHQLLRH FQKDAKVL FLNWGI E P I DNVMGMI G 

I L P DMT P S T EMSMRGVRVS KMGVDEYSNAERVVVS I DRFLRVRDQRGNVLL S P EEVS ETQGT EKLT I TYS S SMMWEI 

50 NGPESVLINTYQWI I RNWETVKI QWSQNPTMLYNKMEFEP FQS LVPKAI RGQYS GFVRT L FQQMRDVLGT FDTTQI I 

KLL P FAAAP P KQ S RMQ FS S LTVNVRGS GMRI LVRGN S PVFNYNKTT KRLTVLGKDAGT LT ED P DEGTAGVE SAVLRG 

FL I LGKEDRRYGPAL S INELSNLAKGEKANVLI GQGDVVLVMKRKRDS S I LT DSQTATKRI RMAIN 
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QNAINGITNKWSIIEKMNTQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNL 
YEKVKSQLKNNAKEIGNGCFEFYHKCNNECMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVAS 
SLVLLVSLGAISFWMCSNGSLQCRICI 

SEQ ID NO: 51 (NA, A/Chile/1/1983) 
MNPNQKIITIGSICMTIGIISLILQIGNIISIWVSHSIQTGSQNHTGICNQRIITYENSTWWQTYWINNTNWAG 
KDTTSVTLAGNSSLCPIRGWAIYSKDNSIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSP 
YRALMSCPIGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDDGAVAVLKYNGIITETIKSWRKRILRTQESEC 
VCVNGSCFTIMTDGPSNGPASYRIFKIEKGKITKSIELDAPNSHYEECSCYPDTGTVMCVCRDNWHGSNRPWVSFNQ 
NLDYQIGYICSGVFGDNPRPKDGKGSCDPVTVDGADGVKGFSYRYGNGVWIGRTKSNSSRKGFEMIWDPNGWTDTDS 
NFLVKQDWAMTDWSGYSGSFVQHPELTGLDCMRPCFWVELVRGRPREGTTVWTSGSSISFCGWSDTANWSWPDGA 
ELPFTIDK 

SEQ ID NO: 52 (NA, A/California/04/09) 
MNPNQKIITIGSVCMTIGMANLILQIGNIISIWISHSIQLGNQNQIETCNQSVTTYENNTWVNQTYVNISNTNFAAG 
QSWSVKLAGNSSLCPVSGWAIYSKDNSVRIGSKGDVFVIREPFISCSPLECRTFFLTQGALLNDKHSNGTIKDRSP 
YRTLMSCPIGEVPSPYNSRFESVAWSASACHDGINWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESEC 
ACVNGSCFTVMTDGPSNGQASYKIFRIEKGKIVKSVEMNAPNYHYEECSCYPDSSEITCVCRDNWHGSNRPWVSFNQ 
NLEYQIGYICSGIFGDNPRPNDKTGSCGPVSSNGANGVKGFSFKYGNGVWIGRTKSISSRNGFEMIWDPNGWTGTDN 
NFSIKQDIVGINEWSGYSGSFVQHPELTGLDCIRPCFWVELIRGRPKENTIWTSGSSISFCGVNSDTVGWSWPDGAE 
LPFTIDK 

SEQ ID NO: 53 (PA, A/New Caledonia/20/1999) 
MEDFVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAICTHLEVCFMYSDFHFIDERGESIIVESGDPNALLKHRFE 
IIEGRDRIMAWTWNSICNTTGVEKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEE 
MATKADYTLDEESRARIKTRLFTIRQEMASRSLWDSFRQSERGEETIEEKFEITGTMRKLADQSLPPNFPSLENFRA 
YVDGFEPNGCIEGKLSQMSKEVNAKIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKIPRTKNMKRTSQLKWALGENMAPEKVDFDDCK 
DVGDLKQYDSDEPEPRSLASWVQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEYIMKG 
VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 
YCVLEIGDMLLRTAIGQVSRPMFLYVRTNGTSKIKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 
ETWPIGESPRGVEEGSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLIVQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALK 

SEQ ID NO: 54 (PBl, A/New Caledonia/20/1999) 
MDVNPTLLFLKVPAQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSERGRWTKNTETGAPQLNPIDGPLPKDN 
EPSGYAQTDCVLEAMAFLEESHPGIFENSCIETMEWQQTRVDKLTQGRQTYDWTLNRNQPAATALANTIEVFRSNG 
LIANESGRLIDFLKDVMESMDRDEVEVTTHFQRKRRVRDNVTKKMVTQRTIGKKKHKLDKRSYLIRALTLNTMTKDA 
ERGKLKRRAIATPGMQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANWRKMMTNSQDTEISFTITGDNTK 
WNENQNPRMFLAMITYITKNQPEWFRNILSIAPIMFSNKMARLGKGYMFESKSMKLRTQIPAEMLANIDLKYFNDST 
KRKIEKIRPLLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKRYTKTTYWWDGLQSSDDFALIVNAPNYAGIQAG 
VDRFYRTCKLLGINMSKKKSYINRTGTFEFTSFFYRYGFVANFSMELPSFGVSGVNESADMSIGVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWDQTRSKAGLLVSDGGPNLYNIRNLHIPEVCLKWELM 
DEDYQGRLCNPSNPFVSHKEIESWNAVMMPAHGPAKNMEYDAVATTHSWVPKRNRSILNTSQRGILEDEQMYQRCC 
NLFEKFFPSSSYRRPVGISSMVEAMVSRARIDARIDFESGRIKKEEFAEIMKTCSTIEDLRRQK 

SEQ ID NO: 55 (PB2, A/New Caledonia/20/1999) 
MERIKELRNLMSQSRTREILTKTTVDHMAIIKKYTSGRQEKNPSLRMKWMMAMKYPITADKRITEMIPERNEQGQTL 
WSKWDAGSDRVMISPLAVTWWNRNGPVASTIHYPKIYKTYFEKVERLKHGTFGPVHFRNQVKIRRRVDINPGHADL 
SAKEAQDVIMEWFPNEVGARILTSESQLTITKEKKEELQNCKISPLMVAYMLERELVRKTRFLPVAGGTSSVYIEV 
LHLTQGTCWEQMYTPGGEVRNDDVDQSLIIAARNIVRRAAVSADPLASLLEMCHSTQIGGTRMVDILRQNPTEEQAV 
DICKAAMGLRISSSFSFGGFTFKRTSGSSVKREEEVLTGNLQTLKLTVHEGYEEFTMVGKRATAILRKATRRLIQLI 
VSGRDEQSIVEAIWAMVFSQEDCMVKAVRGDLNFWRANQRLNPMHQLLRHFQKDAKVLFLNWGIEPIDNVMGMIG 
ILPDMTPSTEMSMRGVRVSKMGVDEYSNAERVWSIDRFLRVRDQRGNVLLSPEEVSETQGTEKLTITYSSSMMWEI 
NGPESVLINTYQWIIRNWETVKIQWSQNPTMLYNKMEFEPFQSLVPKAIRGQYSGFVRTLFQQMRDVLGTFDTTQII 
KLLPFAAAPPKQSRMQFSSLTWVRGSGMRILVRGNSPVFNYNKTTKRLTVLGKDAGTLTEDPDEGTAGVESAVLRG 
FLILGKEDRRYGPALSINELSNLAKGEKANVLIGQGDWLVMKRKRDSSILTDSQTATKRIRMAIN 
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SEQ ID NO: 56 (NP, A/New Caledonia/20/1999) 
MASQGTKRSYEQMETDGERQNATEIRASVGRMI GGI GRFYI QMCT ELKLNDYEGRL I QNS LT I ERMVL SAFDERRNK 

YLEEHP SAGKDPKKT GGP I YKRVDGKWVRELVLYDKEEI RRIWRQANNGDDATAGLTHIMIWHSNLNDTTYQRT RAL 

VRT GMDP RMCS LMQGS T L P RRS GAAGAAVKGVGTMVLEL I RMI KRGINDRNFWRGENGRKT RIAYERMCNI LKGKFQ 

5 TAAQKAMMDQVRES RNP GNAEI EDLT FLARSAL I LRGSVAHKS CL PACVYGPAVAS GYDFEKEGYS LVGVDP FKLLQ 

T SQVYS L I RPNENPAHKSQLVWMACNSAAFEDLRVS S FIRGTRVLPRGKLSTRGVQIASNENMDAIVS STLELRSRY 

WAI RT RS GGNTNQQRASAGQI STQPIFSVQRNLPFDKITIMAAFTGNTEGRTSDMRAEI I KMMESARP EEVS FQGRG 

VFELSDERATNPIVPS FDMSNEGSYFFGDNAEEYDN 

SEQ ID NO: 57 (Ml, A/New Caledonia/20/1999) 
10 MS LLT EVETYVL S IVP S GP LKAEIAQRLENVFAGKNIDLEALMEWLKT RP ILS P LTKGI LGFVFT LTVP S ERGLQRR 

RFVQNALNGNGDPNNMDRAVKLYRKLKREI T FHGAKEIAL S YSAGALAS CMGL I YNRMGAVTT ESAFGL I CAT CEQI 

ADSQHKS HRQMVITTNP L I RHENRMVLAS TTAKAMEQMAGS SEQAAEAMEVASQARQMVQAMRAI GTHP S S ST GLKN 

DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 58 (NA, A/New Caledonia/20/1999) 
15 MNPNQKI I T I GS I S IAI GI I SLMLQI GNI I S IWASHS I QT GSQNHT GVCNQRI I TYENS TWVNHTYVNINNTNVVAG 

KDKTSVTLAGNS SLCS I SGWAIYTKDNS I RI GS KGDVFVI REP FI S CSHLECRT FFLTQGALLNDKHSNGTVKDRS P 

YRALMS CP LGEAP S PYNS KFESVAWSASACHDGMGWLT I GI S GP DNGAVAVLKYNGI I T ET I KSWKKRI LRTQES EC 

VCVNGSCETIMIDGPSNGAASYKI FKIEKGKVTKS I ELNAPNFHYEECS CYP DT GTVMCVCRDNWHGSNRPWVS FNQ 

NLDYQI GYI CS GVFGDNP RPKDGEGS CNPVTVDGADGVKGES YKYGNGVWI GRIKSNRLRKGFEMIWDPNGWIDT DS 

20 DFSVKQDVVAI T DWS GYS GS FVQHP ELT GLDCI RP CFWVELVRGL P RENTT IWT S GS S I S FCGVNSDTANWSWPDGA 

ELPFTIDK 

SEQ ID NO: 59 (PA, A/Wisconsin/67/2005) 
MEDFVRQCFNPMIVELAEKAMKEYGEDLKIETNKFAAI CTHLEVCFMYSDFHFINEQGES IVVELDDPNALLKHRFE 

I I EGRDRTMAWTVVNS I CNTTGAGKPKFLPDLYDYKENRFIEI GVTRREVHI YYLEKANKI KS ENTHI HI FS FT GEE 

25 MATKADYTLDEES RARI KT RL FT I RQEMANRGLWDS FRQ S ERGEET I EEKFEI T GTMRRLADQ S L P PNFS CLENFRA 

YVDGFEPNGCI EGKL SQMS KEVNAQI EP FLKTT P RP I KL PNGP P CYQRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 

KCMKTFFGWKEPYIVKPHEKGINSNYLLSWKQVLSELQDIENEEKI PRTKNMKKTSQLKWALGENMAPEKVDFENCR 

DI S DLKQYDS DEP ELRS L S SWIQNEFNKACELTDSVWIELDEI GEDVAP I EHIASMRRNYFTAEVSHCRAT EYIMKG 

VYINTALLNAS CAAMDDFQL I PMI SKCRTKEGRRKTNLYGFI I KGRSHLRNDT DVVNEVSMEFS LT DP RLEPHKWEK 

30 YCVLEI GDMLLRSAI GQI SRPMFLYVRTNGTSKVKMKWGMEMRRCLLQSLQQIESMIEAES SVKEKDMTKEFFENKS 

EAWP I GES PKGVEEGS I GKVCRILLAKSVENSLYAS PQLEGFSAES RKLLLVVQALRDNLEP GT FDLGGLYEAI EEC 

LINDPWVLLNASWFNS FLTHALK 

SEQ ID NO: 60 (PB1, A/Wisconsin/67/2005) 
MDVNPTLL FLKVPAQNAI S TT FPYT GDP PYSHGT GT GYTMDTVNRTHQYS EKGKWTTNT ET GAPQLNP I DGP L P EDN 

35 EP S GYAQT DCVLEAMAFLEESHP GI FENS CLETMEAVQQT RVDRLTQGRQTYDWILNRNQPAATALANT I EVFRSNG 

LTANES GRL I DFLKDVMESMDKEEMEI TTHFQRKRRVRDNMTKKMVTQRT I GKKKQRVNKRGYL I RALT LNTMTKDA 

ERGKLKRRAIAT P GMQI RGFVYFVET LARS I CEKLEQ S GL PVGGNEKKAKLANVVRKMMTNSQDT EL S FT I T GDNTK 

WNENQNP RMFLAMI TYI TKNQP EWFRNI L S IAPIMESNKMARLGKGYMFESKRMKLRTQI PAEMLAS I DLKYFNES T 
RKKI EKI RP LL I DGTAS L S PGMMMGMFNMLSTVLGVS I LNLGQKKYTKTTYWWDGLQ S SDDFALIVNAPNHEGIQAG 

40 VNREYRICKLVGINMS KKKS YINKT GT FEET S FFYRYGEVANFSMEL P S FGVSGINESADMS I GVTVIKNNMINNDL 

GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRS FELKKLWDQTQSRAGLLVSDGGPNLYNIRNLHI PEVCLKWELM 

DENYRGRLCNP LNP FVSHKEI ESVNNAVVMPAHGPAKSMEYDAVATTHSWI PKRNRS I LNT SQRGI LEDEQMYQKCC 

NLFEKFFPS S S YRRP I GI S SMVEAMVS RARI DARI DEES GRI KKEEFS EIMKI CS T I EELRRQR 

SEQ ID NO: 61 (PB2, A/Wisconsin/67/2005) 
45 MERIKELRNLMSQSRTREILTKITVDHMAI I KKYT S GRQEKNP S LRMKWMMAMKYP I TADKRI T EMVP ERNEQGQT L 

WS KMS DAGS DRVMVS P LAVTWWNRNGPVT S TVHYP KVYKTYFDKVERLKHGT FGPVH FRNQVKI RRRVD I N P GHADL 

SAKEAQDVIMEVVFPNEVGARI LT S ESQLT I TKEKKEELRDCKI S PLMVAYMLERELVRKTRFLPVAGGTS S I YI EV 

LHLTQGT CWEQMYT P GGEVRNDDVDQ S L I IAARNIVRRAAVSADP LAS LLEMCHS TQI GGT RMVDI LRQNPT EEQAV 

DI CKAAMGLRI S S S FS EGGFT FKRT S GS SVKKEEEVLIGNLQT LKI RVHEGYEEFTMVGKRATAI LRKAT RRLVQL I 

50 VS GRDEQ S IAEAI IVAMVESQEDCMIKAVRGDLNEVNRANQRLNPMHQLLRHFQKDAKVLFQNWGIEHIDSVMGMVG 

VLPDMTPSTEMSMRGIRVSKMGVDEYS STERVVVS I DRFLRVRDQRGNVLL S P EEVS ETQGT ERLT I TYS S SMMWEI 

NGPESVLVNTYQWI I RNWEAVKI QWSQNPAMLYNKMEFEP FQ S LVPKAI RSQYS GFVRT L FQQMRDVLGT FDTTQI I 

KLLPFAAAPPKQSRMQFS S LTVNVRGS GMRI LVRGNS PVFNYNKTTKRLT I LGKDAGT L I EDP DES T S GVESAVLRG 

FL I I GKEDRRYGPALS INELSNLAKGEKANVLI GQGDVVLVMKRKRDS S I LT DSQTATKRI RMAIN 
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SEQ ID NO: 56 (NP, A/New Caledonia/20/1999) 
MASQGTKRSYEQMETDGERQNATEIRASVGRMIGGIGRFYIQMCTELKLNDYEGRLIQNSLTIERMVLSAFDERRNK 
YLEEHPSAGKDPKKTGGPIYKRVDGKWVRELVLYDKEEIRRIWRQANNGDDATAGLTHIMIWHSNLNDTTYQRTRAL 
VRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGVGTMVLELIRMIKRGINDRNFWRGENGRKTRIAYERMCNILKGKFQ 

5 TAAQKAMMDQVRESRNPGNAEIEDLTFLARSALILRGSVAHKSCLPACVYGPAVASGYDFEKEGYSLVGVDPFKLLQ 
TSQVYSLIRPNENPAHKSQLVWMACNSAAFEDLRVSSFIRGTRVLPRGKLSTRGVQIASNENMDAIVSSTLELRSRY 
WAIRTRSGGNTNQQRASAGQISTQPTFSVQRNLPFDKTTIMAAFTGNTEGRTSDMRAEIIKMMESARPEEVSFQGRG 
VFELSDERATNPIVPSFDMSNEGSYFFGDNAEEYDN 

SEQ ID NO: 57 (Ml, A/New Caledonia/20/1999) 
10 MSLLTEVETYVLSIVPSGPLKAEIAQRLENVFAGKNTDLEALMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 

RFVQNALNGNGDPNNMDRAVKLYRKLKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTESAFGLICATCEQI 
ADSQHKSHRQMVTTTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEVASQARQMVQAMRAIGTHPSSSTGLKN 
DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 58 (NA, A/New Caledonia/20/1999) 
15 MNPNQKIITIGSISIAIGIISLMLQIGNIISIWASHSIQTGSQNHTGVCNQRIITYENSTWWHTYWINNTNWAG 

KDKTSVTLAGNSSLCSISGWAIYTKDNSIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSP 
YRALMSCPLGEAPSPYNSKFESVAWSASACHDGMGWLTIGISGPDNGAVAVLKYNGIITETIKSWKKRILRTQESEC 
VCWGSCFTIMTDGPSNGAASYKIFKIEKGKVTKSIELNAPNFHYEECSCYPDTGTVMCVCRDNWHGSNRPWVSFNQ 
NLDYQIGYICSGVFGDNPRPKDGEGSCNPVTVDGADGVKGFSYKYGNGVWIGRTKSNRLRKGFEMIWDPNGWTDTDS 

20 DFSVKQDWAITDWSGYSGSFVQHPELTGLDCIRPCFWVELVRGLPRENTTIWTSGSSISFCGWSDTANWSWPDGA 
ELPFTIDK 

SEQ ID NO: 59 (PA, A/Wisconsin/67/2005) 
MEDFVRQCFNPMIVELAEKAMKEYGEDLKIETNKFAAICTHLEVCFMYSDFHFINEQGESIWELDDPNALLKHRFE 
IIEGRDRTMAWTWNSICNTTGAGKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSENTHIHIFSFTGEE 

25 MATKADYTLDEESRARIKTRLFTIRQEMANRGLWDSFRQSERGEETIEEKFEITGTMRRLADQSLPPNFSCLENFRA 
YVDGFEPNGCIEGKLSQMSKEVNAQIEPFLKTTPRPIKLPNGPPCYQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMKTFFGWKEPYIVKPHEKGINSNYLLSWKQVLSELQDIENEEKIPRTKNMKKTSQLKWALGENMAPEKVDFENCR 
DISDLKQYDSDEPELRSLSSWIQNEFNKACELTDSVWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEYIMKG 
VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 

30 YCVLEIGDMLLRSAIGQISRPMFLYVRTNGTSKVKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 
EAWPIGESPKGVEEGSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLWQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALK 

SEQ ID NO: 60 (PBl, A/Wisconsin/67/2005) 
MDVNPTLLFLKVPAQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSEKGKWTTNTETGAPQLNPIDGPLPEDN 

35 EPSGYAQTDCVLEAMAFLEESHPGIFENSCLETMEAVQQTRVDRLTQGRQTYDWTLNRNQPAATALANTIEVFRSNG 
LTANESGRLIDFLKDVMESMDKEEMEITTHFQRKRRVRDNMTKKMVTQRTIGKKKQRVNKRGYLIRALTLNTMTKDA 
ERGKLKRRAIATPGMQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANWRKMMTNSQDTELSFTITGDNTK 
WNENQNPRMFLAMITYITKNQPEWFRNILSIAPIMFSNKMARLGKGYMFESKRMKLRTQIPAEMLASIDLKYFNEST 
RKKIEKIRPLLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTYWWDGLQSSDDFALIVNAPNHEGIQAG 

40 WRFYRTCKLVGINMSKKKSYINKTGTFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDL 
GPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKKLWDQTQSRAGLLVSDGGPNLYNIRNLHIPEVCLKWELM 
DENYRGRLCNPLNPFVSHKEIESWNAWMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGILEDEQMYQKCC 
NLFEKFFPSSSYRRPIGISSMVEAMVSRARIDARIDFESGRIKKEEFSEIMKICSTIEELRRQR 

SEQ ID NO: 61 (PB2, A/Wisconsin/67/2005) 
45 MERIKELRNLMSQSRTREILTKTTVDHMAIIKKYTSGRQEKNPSLRMKWMMAMKYPITADKRITEMVPERNEQGQTL 

WSKMSDAGSDRVMVSPLAVTWWNRNGPVTSTVHYPKVYKTYFDKVERLKHGTFGPVHFRNQVKIRRRVDINPGHADL 
SAKEAQDVIMEWFPNEVGARILTSESQLTITKEKKEELRDCKISPLMVAYMLERELVRKTRFLPVAGGTSSIYIEV 
LHLTQGTCWEQMYTPGGEVRNDDVDQSLIIAARNIVRRAAVSADPLASLLEMCHSTQIGGTRMVDILRQNPTEEQAV 
DICKAAMGLRISSSFSFGGFTFKRTSGSSVKKEEEVLTGNLQTLKIRVHEGYEEFTMVGKRATAILRKATRRLVQLI 

50 VSGRDEQSIAEAIIVAMVFSQEDCMIKAVRGDLNFWRANQRLNPMHQLLRHFQKDAKVLFQNWGIEHIDSVMGMVG 
VLPDMTPSTEMSMRGIRVSKMGVDEYSSTERVWSIDRFLRVRDQRGNVLLSPEEVSETQGTERLTITYSSSMMWEI 
NGPESVLWTYQWIIRNWEAVKIQWSQNPAMLYNKMEFEPFQSLVPKAIRSQYSGFVRTLFQQMRDVLGTFDTTQII 
KLLPFAAAPPKQSRMQFSSLTWVRGSGMRILVRGNSPVFNYNKTTKRLTILGKDAGTLIEDPDESTSGVESAVLRG 
FLIIGKEDRRYGPALSINELSNLAKGEKANVLIGQGDWLVMKRKRDSSILTDSQTATKRIRMAIN 
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SEQ ID NO: 62 (NP, A/Wisconsin/67/2005) 
MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGI GRFYI QMCT ELKL S DYEGRL I QNS LT I EKMVL SAFDERRNK 

YLEEHP SAGKDP KKT GGP I YRRVDGKWMRELVLYDKEEI RRIWRQANNGEDATAGLTHIMIWHSNLNDATYQRT RAL 

VRT GMD P RMC S LMQGS T L P RRS GAAGAAVKGI GTMVMEL I RMVKRGI NDRN FWRGENGRKT RSAYERMCN I LKGKFQ 

5 TAAQRAMVDQVRES RNP GNAEI EDL I FLARSAL I LRGSVAHKS CL PACVYGPAVS S GYNFEKEGYS LVGI DP FKLLQ 

NS QVYS L I RPNENPAHKS QLVWMACHSAAFEDLRLL S FIRGTKVS P RGKL S T RGVQ IASNENMDNMGS GT LELRS GY 

WAI RT RS GGNTNQQRASAGQT SVQ PT FSVQRNL P FEKS T IMAAFT GNT EGRT S DMRAEI I RMMEGAKP EEVS FRGRG 

VFELSDEKATNPIVPS FDMSNEGSYFFGDNAEEYDN 

SEQ ID NO: 63 (Ml, A/Wisconsin/67/2005) 
10 MS LLT EVETYVL S IVP S GP LKAEIAQRLEDVFAGKNT DLEALMEWLKT RP ILS P LT KGI LGFVFT LTVP S ERGLQRR 

RFVQNALNGNGD PNNMDKAVKLYRKLKRE I T FHGAKE IAL S YSAGALAS CMGL I YNRMGAVTT EVAFGLVCAT CEQ I 

ADS QHRS HRQMVATTNP L I RHENRMVLAS TTAKAMEQMAGS SEQAAEAMEIASQARQMVQAMRAI GTHP S S ST GLRD 

DLLENLQTYQKRMGVQMQRFK 

SEQ ID NO: 64 (M2, A/Wisconsin/67/2005) 
15 MS LLT EVET P I RNEWGCRCNDS S DP LVVAAN I I GI LHL I LWI LDRL FFKCVYRL FKHGLKRGP S T EGVP ESMREEYR 

KEQQNAVDADDSHFVS TELE 

SEQ ID NO: 65 (NS, A/Wisconsin/67/2005) 
AAT GGATT CCAACACT GT GT CAAGTTT CCAGGTAGATT GCTTT CTTT GGCATAT CCGGAAACAAGTT GTAGACCAAG 

AACT GAGT GAT GCCCCATT CCTT GAT CGGCTTCGCCGAGAT CAGAGGT CCCTAAGGGGAAGAGGCAATACT CT CGGT 

20 CTAGACAT CAAAG CAG C CAC C CAT GT T GGAAAGCAAAT T GTAGAAAAGAT T CT GAAAGAAGAAT CT GAT GAG G CAC T 

TAAAAT GAC CAT GGT CT CCACACCT GCTT CGCGATACATAACT GACAT GACTATT GAGGAATT GT CAAGAAACT GGT 

T CAT GCTAAT GC C CAAG CAGAAAGT GGAAG GAC CT CT T T GCAT CAGAAT GGACCAGGCAAT CAT GGAGAAAAACAT C 

AT GTT GAAAGCGAATTT CAGT GT GATTT CT GACCGACTAGAGAC CATAGTAT TACTAAGGGCTTT CACCGAAGAGGG 

AGCAATT GTT GGCGAAAT CT CACCATT GCCTTCTTTT CCAGGACATACTATT GAGGAT GT CAAAAAT GCAATT GGGG 

25 T CCT CAT CGGAGGACTT GAAT GGAAT GATAACACAGTT CGAGT CT CTAAAAAT CTACAGAGATT CGCTT GGAGAAGC 

AGTAATGAGAATGGGGGACCTCCACTTACTCCAAAACAGAAACGGAAAATGGCGAGAACAGCTAGGTCAAAAGTTTG 

AAGAGATAAGAT GGCT GATT GAAGAAGT GAGACACAGACTAAAAACAACT GAAAATAGCTTT GAACAAATAACATT C 

AT GCAAGCAT TACAACT GCT GTTT GAAGT GGAACAGGAGATAAGAACTTT CT CATTT CAGCTTATTTAAT GATAAA 

SEQ ID NO: 66 (HA, A/Wisconsin/67/2005) 
30 MKT I IAL S YI LCLVFAQKL P GNDNS TAT LCLGHHAVPNGT IVKT I TNDQ I EVTNAT ELVQ S S ST GGI CDS PHQ I LDG 

ENCT L I DALLGDPQCDGFQNKKWDL EVERS KAYSNCYPYDVP DYAS LRS LVAS S GT LEFNDES FNWTGVTQNGTS S S 

CKRRSNNS FES RLNWLTHLKEKYPALNVTMPNNEKEDKLYIWGVHHPVT DNDQ I FLYAQAS GRI TVS T KRS QQTVI P 

NI GSRPRIRNI PSRI S I YWTIVKPGDILLINSTGNLIAPRGYFKIRSGKS S IMRSDAPI GKCNSECITPNGS I PNDK 

PFQNVNRITYGACPRYVKQNTLKLATGMRNVPEKQTRGI FGAIAGFIENGWEGMVDGWYGFRHQNSEGI GQAADLKS 

35 TQAAINQ INGKLNRL I GKTNEKFHQ I EKEFS EVEGRI QDLEKYVEDT KI DLWS YNAELLVALENQHT I DLT DS EMNK 

L FERT KKQLRENAEDMGNGCFKI YHKCDNACI GS I RNGTYDHDVYRDEALNNRFQ I KGVELKS GYKDWI LWI S FAT S 

CFLLCVALLGFIMWACQKGNIRCNI CI 

SEQ ID NO: 67 (NA, A/Wisconsin/67/2005) 
MNPNQKI ITT GSVS LT I ST I CFFMQ IA' L I TTVT LHFKQYEENS P PNNQVMLCEPT I I ERNI T EIVYLTNTT I EKEI 

40 CP KLAEYRNWS KPQCNI T GFAP FS KDNS I RL SAGGDIWVT REPYVS CDP DKCYQ FALGQGTT LNNVHSNDTVHDRT P 

YRTLLMNELGVPFHLGTKQVCIAWS S S SCHDGKAWLHVCVTGDDKNATAS FIYNGRLVDS IVSWSKEILRTQESECV 

CINGTCTVVMTDGSASGKADTKILFIEEGKIVHTSTLSGSAQHVEECSCYPRYLGVRCVCRDNWKGSNRPIVDINIK 

DYS IVS SYVCSGLVGDTPRKNDS S S S SHCLDPNNEEGGHGVKGWAFDDGNDVWMGRT I S EKLRS GYET FKVI EGWSN 

PNS KLQ INRQVIVDRGNRS GYS GI FSVEGKS CINRCFYVEL I RGRKEET EVLWT SNS IVVFCGTSGTYGTGSWPDGA 

45 DINLMP I 

SEQ ID NO: 68 (PA, 105p30) 
MEDEVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAI CTHLEVCFMYSDFHFIDERGES I IVES GDPNALLKHRFE 

I I EGRDRIMAWTVINS I CNTTGVEKPKFLPDLYDYKENRFIEI GVT RREVHI YYLEKANKI KS EKTHI HI FS FT GEE 

MAT KADYT LDEES RARI KT RL FT I RQEMAS KSLWDS FRQ S ERGEET I EEKFEI T GTMRKLADQ S L P PNFP S LENFRA 

50 YVDGFEPNGCI EGKL S QMS KEVNAKI EP FLRTT P RP LRL P DGP LCHQRS KFLLMDALKL S I EDP SHEGEGI PLYDAI 

KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKI PRTKNMKRTSQLKWALGENMAPEKVDFDDCK 

DVGDLKQYDS DEP EP RS LASWVQNEFNKACELT DS SWIELDEI GEDVAP I EHIASMRRNYFTAEVSHCRAT EYIMKG 
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SEQ ID NO: 62 (NP, A/Wisconsin/67/2005) 
MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGIGRFYIQMCTELKLSDYEGRLIQNSLTIEKMVLSAFDERRNK 
YLEEHPSAGKDPKKTGGPIYRRVDGKWMRELVLYDKEEIRRIWRQANNGEDATAGLTHIMIWHSNLNDATYQRTRAL 
VRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGIGTMVMELIRMVKRGINDRNFWRGENGRKTRSAYERMCNILKGKFQ 

5 TAAQRAMVDQVRESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACVYGPAVSSGYNFEKEGYSLVGIDPFKLLQ 
NSQVYSLIRPNENPAHKSQLVWMACHSAAFEDLRLLSFIRGTKVSPRGKLSTRGVQIASNENMDNMGSGTLELRSGY 
WAIRTRSGGNTNQQRASAGQTSVQPTFSVQRNLPFEKSTIMAAFTGNTEGRTSDMRAEIIRMMEGAKPEEVSFRGRG 
VFELSDEKATNPIVPSFDMSNEGSYFFGDNAEEYDN 

SEQ ID NO: 63 (Ml, A/Wisconsin/67/2005) 
10 MSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 

RFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTEVAFGLVCATCEQI 
ADSQHRSHRQMVATTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEIASQARQMVQAMRAIGTHPSSSTGLRD 
DLLENLQTYQKRMGVQMQRFK 

SEQ ID NO: 64 (M2, A/Wisconsin/67/2005) 
15 MSLLTEVETPIRNEWGCRCNDSSDPLWAANIIGILHLILWILDRLFFKCVYRLFKHGLKRGPSTEGVPESMREEYR 

KEQQNAVDADDSHFVSIELE 

SEQ ID NO: 65 (NS, A/Wisconsin/67/2005) 
AATGGATTCCAACACTGTGTCAAGTTTCCAGGTAGATTGCTTTCTTTGGCATATCCGGAAACAAGTTGTAGACCAAG 
AACTGAGTGATGCCCCATTCCTTGATCGGCTTCGCCGAGATCAGAGGTCCCTAAGGGGAAGAGGCAATACTCTCGGT 

20 C TAGACAT CAAAG CAG C CAC C CAT GT T G GAAAG CAAAT T GTAGAAAAGAT T C T GAAAGAAGAAT C T GAT GAG G CAC T 
TAAAAT GAC CAT G GT C T C CACAC CTGCTTCGC GATACATAAC T GACAT GAC TAT T GAG GAAT T GT CAAGAAAC T G GT 
T CAT G C TAAT G C C CAAG CAGAAAGT G GAAG GAC C T C T T T G CAT CAGAAT G GAC CAG G CAAT CAT G GAGAAAAACAT C 
AT GT T GAAAGC GAAT T T CAGT GT GAT T T CT GAC C GACTAGAGAC CATAGTAT TACTAAGGGCT T T CAC C GAAGAGGG 
AGCAATTGTTGGCGAAATCTCACCATTGCCTTCTTTTCCAGGACATACTATTGAGGATGTCAAAAATGCAATTGGGG 

25 T C C T CAT C G GAG GAC T T GAAT G GAAT GAT AACAC AGT T C GAGT C T C T AAAAAT C T AC AGAGAT T C G C T T G GAGAAG C 
AGTAAT GAGAAT G G G G GAC C T C CAC T TAC T C CAAAACAGAAAC G GAAAAT G G C GAGAACAG C TAG GT CAAAAGT T T G 
AAGAGAT AAGAT GGCT GATT GAAGAAGT GAGACACAGAC T AAAAAC AAC T GAAAAT AGCTTT GAAC AAAT AAC ATT C 
AT G CAAG CAT TACAAC TGCTGTTT GAAGT G GAACAG GAGATAAGAAC T T T C T CAT T T CAG C T TAT T TAAT GATAAA 

SEQ ID NO: 66 (HA, A/Wisconsin/67/2005) 
30 MKTIIALSYILCLVFAQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTNATELVQSSSTGGICDSPHQILDG 

ENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSS 
CKRRSNNSFFSRLNWLTHLKFKYPALNVTMPNNEKFDKLYIWGVHHPVTDNDQIFLYAQASGRITVSTKRSQQTVIP 
NIGSRPRIRNIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITPNGSIPNDK 
PFQNVNRITYGACPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIENGWEGMVDGWYGFRHQNSEGIGQAADLKS 

35 TQAAINQINGKLNRLIGKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNK 
LFERTKKQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDVYRDEALNNRFQIKGVELKSGYKDWILWISFAIS 
CFLLCVALLGFIMWACQKGNIRCNICI 

SEQ ID NO: 67 (NA, A/Wisconsin/67/2005) 
MNPNQKIITIGSVSLTISTICFFMQIAILITTVTLHFKQYEFNSPPNNQVMLCEPTIIERNITEIVYLTNTTIEKEI 

40 CPKLAEYRNWSKPQCNITGFAPFSKDNSIRLSAGGDIWVTREPYVSCDPDKCYQFALGQGTTLNNVHSNDTVHDRTP 
YRTLLMNELGVPFHLGTKQVCIAWSSSSCHDGKAWLHVCVTGDDKNATASFIYNGRLVDSIVSWSKEILRTQESECV 
CINGTCTWMTDGSASGKADTKILFIEEGKIVHTSTLSGSAQHVEECSCYPRYLGVRCVCRDNWKGSNRPIVDINIK 
DYSIVSSYVCSGLVGDTPRKNDSSSSSHCLDPNNEEGGHGVKGWAFDDGNDVWMGRTISEKLRSGYETFKVIEGWSN 
PNSKLQINRQVIVDRGNRSGYSGIFSVEGKSCINRCFYVELIRGRKEETEVLWTSNSIWFCGTSGTYGTGSWPDGA 

45 DINLMPI 

SEQ ID NO: 68 (PA, 105p30) 
MEDFVRQCFNPMIVELAEKAMKEYGEDPKIETNKFAAICTHLEVCFMYSDFHFIDERGESIIVESGDPNALLKHRFE 
IIEGRDRIMAWTVTNSICNTTGVEKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEE 
MATKADYTLDEESRARIKTRLFTIRQEMASKSLWDSFRQSERGEETIEEKFEITGTMRKLADQSLPPNFPSLENFRA 

50 YVDGFEPNGCIEGKLSQMSKEVNAKIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALKLSIEDPSHEGEGIPLYDAI 
KCMKTFFGWKEPNIVKPHEKGINPNYLMAWKQVLAELQDIENEEKIPRTKNMKRTSQLKWALGENMAPEKVDFDDCK 
DVGDLKQYDSDEPEPRSLASWVQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEYIMKG 
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VY I NTAL LNAS CAAMDDFQL I PMI S KC RT KE GRRKTN L YG F I I KGRS H L RN DT DVVN FVSME FS LT D P RLEPHKWEK 

YCVL E I GDMLLRTAI GQVS RPMFL YVRTN GT SKI KMKWGMEMRRCLLQ S LQQ I ESMI EAES SVKEKDMT KEFFENKS 

ETWP I GES PRGVEEGS I GKVCRTLLAKSVFNSLYAS PQLEGFSAES RKLLL IVQALRDNLEP GT FDLGGLYEAI EEC 

L IND PWVL LNASW FN S FL T HAL K 

5 SEQ ID NO: 69 (Ml, 105p30) 
MS LLT EVETYVL S I VP S GP L KAE IAQ RL ENVFAGKNT D L EALMEWL KT RP I L S PLT KG I LGFVFT LTVP S E RGLQ RR 

RFVQNALN GN GD PNNMD KAVKL YRKL KRE I T FHGAKEIAL S YSAGALAS CMGL I YNRMGAVTT ESAFGL I CAT CEQ I 

ADS QHK S H RQMVT T TN P L I RH EN RMVLAS TTAKAMEQMAGS S EQAAEAMEVAS QARQMVQAMRAI GT HP S S ST GLKN 

DLL EN LQAYQ KRMGVQMQ RFK 

10 SEQ ID NO: 70 (IL4, A/California/04/09) 
MKAI LVVLLYT FATANADT L C I GYHANNS T DTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAP LH L GKCN IAGW 

I LGNPECESLSTAS SWSYIVET P S SDNGTCYPGDFI DYEELREQLS SVS S FERFEI FPKTSSWPNHDSNKGVTAACP 

HAGAKS FYKNL I WLVKKGN S YP KL S KS YIND KGKEVLVLWG I HHP S T SADQQ S LYQNADTYVFVGS S RYS KKFKP E I 

AI RP KVRDQEGRMNYYWT LVEP GD K I T FEAT GNLVVP RYAFAME RNAG SGI I I S DT PVHDCNTT CQT P KGAI NT S L P 

15 FQNIHPITI GKC P KYVKS T KLRLAT GL RN I PSIQS RGL FGAIAG F I EGGWT GMVDGWYGYHHQNEQGS GYAADLKST 

QNAI D E I TNKVNSVI EKMNTQ FTAVGKE FNH LE KRI EN LNKKVD D G FL D I WT YNAE L LVL L EN E RT LDYHDSNVKNL 

YEKVRSQLKNNAKEI GNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNREEI DGVKLES T RI YQ I LAI YS TVAS 

SLVLVVSLGAI S FWMCSNGSLQCRI CI 

SEQ ID NO: 71 (PA, B/Brisbane/60/08) 
20 AG CAGAAGC GGT GC GT T T GAT T T GT CATAAT GGATACT T T TAT TACAAGAAACT T CCAGACTACAATAATACAAAAG 

GC CAAAAACACAAT GGCAGAATTTAGT GAAGAT C CT GAATT GCAACCAGCAAT GCTATT CAATAT CT GC GT C CAT CT 

AGAGGTTT GCTAT GTAATAAGT GACAT GAATTTT CT T GAC GAAGAAG GAAAAG CATATACAG CAT TAGAAG GACAAG 

GGAAAGAACAAAACTT GAGACCACAATAT GAAGTAATT GAGGGAAT GC CAAGAAC CATAG CAT GGAT GGT CCAGAGA 

T C CT TAGCT CAAGAG CAT GGAATAGAGACT C CCAAG TAT CT GGCT GAT T T GT T T GAT TATAAAAC CAAAAGAT T TAT 

25 AGAAGTT GGAATAACAAAGGGATT GGCT GAT GAT TACT T T T GGAAAAAGAAAGAAAAGTT GGGAAATAG CAT GGAAC 

T GAT GATAT T CAGCTACAAT CAAGACTACT C GT TAAGTAAT GAAT C CT CAT T G GAT GAG GAAG G GAAAG G GAGAG T G 

CTAAGCAGACT CACAGAACTT CAGGCT GAATTAAGT CT GAAAAAT T TAT GGCAAGTT CT CATAGGAGAAGAAGAT GT 

T GAAAAGGGAATT GAT T T TAAACT T GGACAAACAATAT CTAGACTAAGGGATATAT CT GT T CCAGCT GGTTT CT C CA 

AT T T T GAAGGAAT GAG GAGCTACATAGACAATATAGAC C CAAAAG GAG CAATAGAGAGAAAT CTAG CAAG GAT GT CT 

30 CC CT TAG TAT CAGT CACACCTAAAAAGTTAACAT GGGAG GAC CTAAGAC CAATAGGGC CT CACAT T TAC GAC CAT GA 

GCTACCAGAAGTT CCATATAAT GC CT T T CT T CTAAT GT CT GAT GAACT GGGATT GGCCAATAT GACT GAGGGAAAGT 

C CAAAAAAC C GAAGACAT TAG C CAAAGAAT GT CTAGAAAAGTACT CAACACTAC G G GAT CAAACT GAC C CAATAT TA 

ATAAT GAAAAGCGAAAAAGCTAACGAAAATTTCCTAT GGAAGCTTT GGAGAGACT GT GTAAATACAATAAGTAAT GA 

G GAAAC GAG TAAC GAGT TACAGAAAAC CAAT TAT GC CAAAT GGGCCACAGGGGAT GGATTAACATACCAGAAAATAA 

35 T GAAAGAAG TAG CAATAGAT GACGAAACAAT GT GC CAAGAAGAGC CTAAAAT CCCTAACAAAT GTAGAGT GGCT GCT 

T GGGTT CAAACAGAGAT GAAT CTATT GAG CACT CT GACAAGTAAAAGAGCT CT GGACCTACCAGAAATAGGGCCAGA 

CATAG CAC C C GT GGAG CAT GTAGGAAGT GAAAGAAGGAAATACTTT GT TAAT GAAAT CAAC TACT GTAAGGC CT C TA 

CAGT TAT GAT GAAG TAT GT GCTTTTT CACACTT CAT T GT T GAAT GAAAGCAAT GC CAG CAT GGGAAAATACAAAG TA 

ATAC CAATAAC CAATAGAG TAG TAAAT GAAAAAGGAGAAAGTTT CGACAT GCTTTACGGT CT GGCGGTTAAAGGACA 

40 AT CT CAT CT GAGGGGAGATACT GAT GT T GTAACAGTT GTAACTTT C GAAT T TAG TAG TACAGAT CCAAGAGT GGACT 
CAGGAAAGT GGCCAAAATATACT GT GT T TAGGAT T GGCT CCCTATTT GT GAGT GGGAGGGAAAAAT CT GT GTACTT G 

TAT T GC C GAGT GAAT GGCACAAATAAGAT CCAAAT GAAAT GGGGAAT GGAAGCTAGAAGAT GT T T GCTT CAAT CAAT 

GCAACAAAT GGAGGCAATT GT T GAACAG GAAT CAT CAATACAAGGATAT GACAT GAC CAAAGC CT GT T T CAAGGGAG 

ACAGAGTAAATAGCCCCAAAACTTT CAG TAT T GGAACT CAAGAAG GAAAAC TAG TAAAAG GAT C CT T T GGAAAAG CA 

45 CTAAGAGTAATATTTACTAAAT GCTT GAT GCACTAT GTATTT GGAAAT GC C CAAT T GGAGGGGTTTAGT GC C GAGT C 

TAG GAGACT T CTACT GT T GATT CAAG CAT TAAAG GACAGAAAGGGC C CT T GGGT GT T CGACTTAGAGGGAAT GTATT 

CT GGAATAGAAGAAT GTAT TAG CAACAAC C CT T GGGTAATACAGAGT GTATACT GGTT CAAT GAAT GGTT GGGCTTT 

GAAAAGGAGGGGAATAAAGT GT T GGAAT CAGTGGAT GAAATAAT GGAT GAATAAAAGGAAAT GGTACT CAATTT GGT 

AC TAT T T T GT T CAT TAT GTAT CTAAACAT CCAATAAAAAGAACCAAGAAT CAAAAAT GCAC GT GT T T CTACT 

50 SEQ ID NO: 72 (PB1, B/Brisbane/60/08) 
AG CAGAAGC GGAGC CT T TAAGAT GAATATAAAT C CT TAT T T T CT CT T CATAGAT GT GC C C GTACAGGCAG CAAT T T C 

AACAACATT CCCATACACT GGT GT T CCCC CT TAT T C C CAT GGAACAG GAACAGGCTACACAATAGACAC C GT GAT CA 

GAACGCAT GAG TACT CAAACAAGGGGAAACAGTACATTT CT GAT GT TACAG GAT GCACAAT GGTAGAT CCAACAAAT 

G GAC CAT TAC C C GAAGATAAT GAGCCGAGT GCCTAT GC GCAAT TAGAT T GC GT T T TAGAGGCT T T GGATAGAAT G GA 

55 T GAAGAACACCCAGGT CT T T T T CAAG CAGC CT CACAGAAT GCTAT GGAGGCCCTAAT GGT CACAACT GTAGACAAAT 

TAACCCAGGGGAGACAGACTTTT GATT GGACAG TAT GCAGAAAC CAAC CT GCT GCAACGGCACT GAACACAACAATA 
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VYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIIKGRSHLRNDTDWNFVSMEFSLTDPRLEPHKWEK 
YCVLEIGDMLLRTAIGQVSRPMFLYVRTNGTSKIKMKWGMEMRRCLLQSLQQIESMIEAESSVKEKDMTKEFFENKS 
ETWPIGESPRGVEEGSIGKVCRTLLAKSVFNSLYASPQLEGFSAESRKLLLIVQALRDNLEPGTFDLGGLYEAIEEC 
LINDPWVLLNASWFNSFLTHALK 

SEQ ID NO: 69 (Ml, 105p30) 
MSLLTEVETYVLSIVPSGPLKAEIAQRLENVFAGKNTDLEALMEWLKTRPILSPLTKGILGFVFTLTVPSERGLQRR 
RFVQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTESAFGLICATCEQI 
ADSQHKSHRQMVTTTNPLIRHENRMVLASTTAKAMEQMAGSSEQAAEAMEVASQARQMVQAMRAIGTHPSSSTGLKN 
DLLENLQAYQKRMGVQMQRFK 

SEQ ID NO: 70 (HA, A/California/04/09) 
MKAILWLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSWLLEDKHNGKLCKLRGVAPLHLGKCNIAGW 
ILGNPECESLSTASSWSYIVETPSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACP 
HAGAKSFYKNLIWLVKKGNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADTYVFVGSSRYSKKFKPEI 
AIRPKVRDQEGRMNYYWTLVEPGDKITFEATGNLWPRYAFAMERNAGSGIIISDTPVHDCNTTCQTPKGAINTSLP 
FQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQSRGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKST 
QNAIDEITNKWSVIEKMNTQFTAVGKEFNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNL 
YEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNREEIDGVKLESTRIYQILAIYSTVAS 
SLVLWSLGAISFWMCSNGSLQCRICI 

SEQ ID NO: 71 (PA, B/Brisbane/60/08) 
AG CAGAAG CGGTGCGTTT GAT T T GT CATAAT GGATAC T T T TAT TACAAGAAAC T T C CAGAC TACAATAATACAAAAG 
G C CAAAAACACAAT G G CAGAAT T TAGT GAAGAT C C T GAAT T G CAAC CAG CAAT G C TAT T CAATAT C T G C GT C CAT C T 
AGAG GT T T G C TAT GTAATAAGT GACAT GAAT T T T C T T GAC GAAGAAG GAAAAG CATATACAG CAT TAGAAG GACAAG 
G GAAAGAACAAAAC T T GAGAC CACAATAT GAAGTAAT T GAG G GAAT G C CAAGAAC CATAG CAT G GAT G GT C CAGAGA 
TCCTTAGCT CAAGAG CAT G GAATAGAGAC T C C CAAGTAT C T G G C T GAT T T GT T T GAT TATAAAAC CAAAAGAT T TAT 
AGAAGT T G GAATAACAAAG G GAT T G G C T GAT GAT TACTTTTG GAAAAAGAAAGAAAAGT T G G GAAATAG CAT G GAAC 
T GAT GATAT T CAG C TACAAT CAAGAC TAC T C GT TAAGTAAT GAAT C C T CAT T G GAT GAG GAAG G GAAAG G GAGAGT G 
C TAAG CAGAC T CACAGAAC T T CAG G C T GAAT TAAGT C T GAAAAAT T TAT G G CAAGT T C T CATAG GAGAAGAAGAT GT 
TGAAAAGGGAATTGATTTTAAACTTGGACAAACAATATCTAGACTAAGGGATATATCTGTTCCAGCTGGTTTCTCCA 
AT T T T GAAG GAAT GAG GAG C TACATAGACAATATAGAC C CAAAAG GAG CAATAGAGAGAAAT C TAG CAAG GAT GT C T 
C C C T TAGTAT CAGT CACAC C TAAAAAGT TAACAT G G GAG GAC C TAAGAC CAATAG G G C C T CACAT T TAC GAC CAT GA 
GCTACCAGAAGTTCCATATAATGCCTTTCTTCTAATGTCTGATGAACTGGGATTGGCCAATATGACTGAGGGAAAGT 
C CAAAAAAC C GAAGACAT TAGC CAAAGAAT GT CTAGAAAAGTACT CAACACTAC GGGAT CAAACT GAC C CAATAT TA 
ATAAT GAAAAG C GAAAAAG C TAAC GAAAAT T T C C TAT G GAAG C T T T G GAGAGAC T GT GTAAATACAATAAGTAAT GA 
G GAAAC GAGTAAC GAGT TACAGAAAAC CAAT TAT G C CAAAT G G G C CACAG G G GAT G GAT TAACATAC CAGAAAATAA 
T GAAAGAAGTAG CAATAGAT GAC GAAACAAT GT G C CAAGAAGAG C C TAAAAT C C C TAACAAAT GTAGAGT G G C T G C T 
T GGGT T CAAACAGAGAT GAAT CTAT T GAGCACT CT GACAAGTAAAAGAGCT CT GGAC CTAC CAGAAATAGGGC CAGA 
CATAGCACCCGTGGAGCATGTAGGAAGTGAAAGAAGGAAATACTTTGTTAATGAAATCAACTACTGTAAGGCCTCTA 
CAGTTATGATGAAGTATGTGCTTTTTCACACTTCATTGTTGAATGAAAGCAATGCCAGCATGGGAAAATACAAAGTA 
ATACCAATAACCAATAGAGTAGTAAATGAAAAAGGAGAAAGTTTCGACATGCTTTACGGTCTGGCGGTTAAAGGACA 
ATCTCATCTGAGGGGAGATACTGATGTTGTAACAGTTGTAACTTTCGAATTTAGTAGTACAGATCCAAGAGTGGACT 
CAGGAAAGTGGCCAAAATATACTGTGTTTAGGATTGGCTCCCTATTTGTGAGTGGGAGGGAAAAATCTGTGTACTTG 
TAT T G C C GAGT GAAT G G CACAAATAAGAT C CAAAT GAAAT G G G GAAT G GAAG C TAGAAGAT GTTTGCTT CAAT CAAT 
G CAACAAAT G GAG G CAAT T GT T GAACAG GAAT CAT CAATACAAG GATAT GACAT GAC CAAAG C C T GT T T CAAG G GAG 
ACAGAGTAAATAG C C C CAAAAC T T T CAGTAT T G GAAC T CAAGAAG GAAAAC TAGTAAAAG GAT C C T T T G GAAAAG CA 
CTAAGAGTAATATTTACTAAATGCTTGATGCACTATGTATTTGGAAATGCCCAATTGGAGGGGTTTAGTGCCGAGTC 
TAGGAGACTTCTACTGTTGATTCAAGCATTAAAGGACAGAAAGGGCCCTTGGGTGTTCGACTTAGAGGGAATGTATT 
CTGGAATAGAAGAATGTATTAGCAACAACCCTTGGGTAATACAGAGTGTATACTGGTTCAATGAATGGTTGGGCTTT 
GAAAAGGAGGGGAATAAAGT GTTGGAATCAGTGGAT GAAATAAT GGAT GAATAAAAGGAAAT GGTACT CAATTT GGT 
AC TAT T T T GT T CAT TAT GTAT C TAAACAT C CAATAAAAAGAAC CAAGAAT CAAAAAT G CAC GTGTTTCTACT 

SEQ ID NO: 72 (PBl, B/Brisbane/60/08) 
AGCAGAAGCGGAGCCTTTAAGATGAATATAAATCCTTATTTTCTCTTCATAGATGTGCCCGTACAGGCAGCAATTTC 
AACAACAT T C C CATACAC TGGTGTTCCCCCT TAT T C C CAT G GAACAG GAACAG G C TACACAATAGACAC C GT GAT CA 
GAAC G CAT GAGTAC T CAAACAAG G G GAAACAGTACAT T T C T GAT GT TACAG GAT G CACAAT G GTAGAT C CAACAAAT 
G GAC CAT TAC C C GAAGATAAT GAG C C GAGT G C C TAT G C G CAAT TAGAT T G C GT T T TAGAG G C T T T G GATAGAAT G GA 
T GAAGAACAC C CAG GT C T T T T T CAAG CAG C C T CACAGAAT G C TAT G GAG G C C C TAAT GGT CACAAC T GTAGACAAAT 
TAAC C CAG G G GAGACAGAC T T T T GAT T G GACAGTAT G CAGAAAC CAAC C T G C T G CAAC G G CAC T GAACACAACAATA 
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AC CT CT T T TAGGT T GAAT GAT T TAAAT GGAGCCGACAAAGGT GGAT TAATAC CT TTTT GC CAGGATAT CAT T GATT C 
AT TAGAC C GAC CT GAAAT GACTTT CT T CT CAGTAAAGAATATAAAGAAAAAATT GC CT GC CAAAAACAGAAAGGGT T 
T C CT CATAAAGAGGATACCAAT GAAGGTAAAAGACAAAATAACCAAAGT GGAATACAT CAAAAGAG CAT TAT CAT TA 
AACACAAT GACAAAAGACGCT GAAAGAGGCAAACT GAAAAGAAGAGC GAT T GC CACT GCT GGAATACAAAT CAGAGG 

5 GT T T GTAT TAG TAGT T GAAAACTT GGCTAAAAATATAT GT GAAAAT CTAGAACAAAGT GGTTTACCAGTAGGT GGAA 
AC GAGAAGAAAGC CAAACT GT CAAACGCAGT GGCCAAAAT GCT CAGTAACT GC C CAC CAG GAGGGAT TAG CAT GACA 
GTAACAGGAGACAATACAAAAT GGAAT GAAT GT T TAAAC C CAAGAAT CT TTTT GGCTAT GACT GAAAGAATAACCAG 
AGACAGCCCAGTTT GGTT CAGGGATTTTT GTAGTATAGCACCGGT C CT GT T CT CCAATAAGATAGCAAGATT GGGGA 
AAGGGT T TAT GATAACAAGCAAAACAAAAAGACT GAAGGCT CAAATAC CT T GT C CT GAT CT GT T TAG TATAC C GT TA 

10 GAAAGATATAAT GAAGAAACAAGGGCAAAAT T GAAAAAGCTAAAAC CAT T CT T CAAT GAAGAAGGAACT GCAT CT T T 
GT C GC CT GGGAT GAT GAT GGGAAT GT T TAATAT GCTAT CTAC C GT GT T GGGAGTAGCT GCACTAGGTAT CAAGAACA 
TT GGAAACAAAGAATACT TAT GGGAT GGACT GCAAT CT T CT GAT GAT T T T GCT CT GT T T GT TAAT GCAAAG GAT GAA 
GAAACAT G TAT GGAAGGAATAAACGACTTTTACCGAACAT G TAAAT TAT T G G GAG TAAACAT GAG CAAAAAGAAAAG 
T TACT GTAAT GAGACT GGAAT GT T T GAAT T TACAAG CAT GT T CTACAGAGAT GGATTT GTAT CTAATTTT GCAAT GG 

15 AACT C C CT T C GT T T GGGGTT GCT GGAGTAAATGAAT CAGCAGATAT GGCAATAGGAAT GACAATAATAAAGAACAAC 
AT GAT CAACAAT GGAAT GGGT C C GGCAACAG CACAAACAGC CATACAGT TAT T CATAGCT GAT TATAGATACAC C TA 
CAAAT GCCACAGGGGAGATT CCAAAGTAGAAGGAAAGAGAAT GAAAAT CATAAAG GAG T TAT GGGAAAACACTAAAG 
GAAGAGAT GGT CTAT TAG TAG CAGAT GGT GGGCCCAACATTTACAATTT GAGAAAC CT GCATAT C C CAGAAATAG TA 
TTAAAGTATAAT CTAAT GGAC C CT GAATACAAAGGGC GGT TACT T CAT C CT CAAAAT C C CT T T GT GGGACATTT GT C 

20 TAT T GAGGGCAT CAAAGAGGCAGACATAACCCCAGCACAT GGT CCAGTAAAGAAAAT GGAC TAC GAT GC GGT GT CT G 
GAACT CATAGTT GGAGAACCAAAAGAAACAGAT CTATACTAAACACT GAT CAGAGGAACAT GATT CT T GAG GAACAA 
T GCTACGCTAAAT GT T GCAACCTATTT GAGGCCT GT T T TAACAGT GCAT CATACAGGAAGCCAGT GGGT CAACATAG 
CAT GCTT GAGGCTAT GGCCCACAGATTAAGAAT GGAT GCAC GAT TAGAT TAT GAAT CAGGGAGAAT GT CAAAG GAT G 
AT T T T GAGAAAGCAAT GGCT CAC CT T GGT GAGATT GGGTACATATAAGCTT CGAAGAT GT T TAT GGGGT TAT T GGT C 

25 AT CAT T GAATACAT GC GATACACAAAT GAT TAAAAT GAAAAAAGGCT C GT GT T T CTACT 

SEQ ID NO: 73 (PB2, B/Brisbane/60/08) 
AG CAGAAGC GGAGC GT T T T CAAGAT GACATT GGCCAAAATT GAATT GT TAAAACAACT GCTAAGGGACAAT GAAGCC 
AAAACAGTTTT GAAGCAAACAACGGTAGACCAATATAACATAATAAGAAAATT CAATACAT CAAG GAT T GAAAAGAA 
T C CT T CACTAAGGAT GAAGT GGGC CAT GT GT T CTAAT TTT CC CT T GGCT CTAACCAAGGGCGATAT GGCAAACAGAA 

30 T CCC CT T GGAATACAAAGGGATACAACTTAAAACAAAT GCT GAAGACATAGGAACCAAAGGCCAAAT GT GCT CAATA 
G CAG CAGT TACT T GGT GGAATACATAT GGACCAATAGGAGATACT GAAGGTTT CGAAAGGGT CTACGAAAGCTTTTT 
T CT CAGAAAAAT GAGACTT GACAAC GC CACT T GGGGC C GAATAACT T T T GGCCCAGTT GAAAGAGT GAGAAAAAGGG 
TACT GCTAAAC C CT CT CAC CAAG GAAAT GC CT C C GGAT GAGGC GAG CAAT GT GATAAT GGAAATATT GT T CCCTAAA 
GAAGCAGGAATACCAAGAGAAT C CAC T T GGATACATAGGGAACT GATAAAAGAAAAAAGAGAAAAATT GAAAGGAAC 

35 AAT GATAACT CCAAT CGTACT GGCATACAT GCTT GAAAGAGAACT GGTT GCT CGAAGAAGATT CT T GC CAGT GGCAG 
GAG CAACAT CAGCT GAGTT CATAGAAAT GCTACACT GCTTACAAGGT GAAAATT GGAGACAAATATAT CAC C CAG GA 
GGGAATAAATTAACT GAGT CCAGGT CT CAAT CAAT GATAGTAGCTT GTAGAAAAATAAT CAGAAGAT CAATAGT C GC 
TT CAAACCCACT GGAGCTAGCT GTAGAAATT GCAAACAAGACT GT GATAGATACT GAAC CT T TAAAGT CAT GT CT GG 
CAGCCATAGACGGAGGT GAT GTAGCTT GT GACATAATAAGAGCT GCAT TAG GAC TAAAGAT CAGACAAAGACAAAGA 

40 TTT GGACGGCTT GAGCTAAAAAGAATAT CAG GAAGAG GAT T CAAAAAT GAT GAAGAAATATTAATAGGGAACGGAAC 
AATACAGAAGATT GGAATAT GGGACGGGGAAGAGGAGTT C CAT GTAAGAT GT GGT GAAT GCAGGGGAATATTAAAAA 
AGAGTAAAAT GAAACT GGAAAAACTACT GATAAATT CAG C CAAAAAG GAG GATAT GAGAGATTTAATAAT C T TAT GC 
AT GGTATTTT CT CAAGACAC TAG GAT GT T CCAAGGAGT GAGAGGAGAAATAAATTTT CT TAAT C GAG CAGGC CAAC T 
TT TAT CT CCAAT GTACCAACT C CAAC GATAT TT T T T GAATAGAAG CAAC GAC CT TTTT GAT CAAT GGGGGTAT GAG G 

45 AAT CAC C CAAAG CAAG T GAACTACAT GGGATAAAT GAAT CAAT GAAT G CAT CT GACTATACATT GAAAG G GAT T G TA 
GT GACAAGAAAT GTAATT GAC GAC T T TAG C T C TAT T GAAACAGAAAAAG TAT CCATAACAAAAAAT C T TAG T T TAAT 
AAAAAGGACT GGGGAAGT CATAAT GGGAGCTAAT GAC GT GAGT GAATTAGAAT CACAAGCACAGCT GAT GATAACAT 
AT GATACACCTAAAAT GT GGGAAAT GGGAACAACCAAAGAACT GGT GCAAAACACT TAT CAAT GGGT GCTAAAAAAC 
TT GGT GACACT GAAGGCT CAGTTT CT T CTAGGAAAAGAGGACAT GT T CCAAT GGGAT GCATTT GAAG CAT T T GAGAG 

50 CATAATT C CT CAGAAGAT GGCT GGT CAGTACAGT GGATTT GCAAGAGCAGT GCT CAAACAAAT GAGAGAC CAG GAG G 
T TAT GAAAACT GACCAGTT CATAAAGTT GT T GC CT TTTT GT T T CT CAC CAC CAAAAT TAAGGAGCAAT GGGGAGC CT 
TAT CAATT CT TAAAACT T GT GT T GAAAG GAG GAGGGGAAAAT T T CAT CGAAGTAAGGAAAGGGT C C C CT CTATTTTC 
CTATAAT CCACAAACAGAAGT C CTAAC TATAT GC GGCAGAAT GAT GT CAT TAAAAGGGAAAAT T GAAGAT GAAGAAA 
GGAATAGAT CAAT GGGTAAT GCAGTATTAGCAGGCTTT CT C GT TAGT GGCAAGTAT GACCCAGAT CT T GGAGATTT C 

55 AAAAC TAT T GAAGAACTT GAAAAGCT GAAACCGGGGGAAAAGGCAAACAT CT TACT T TAT CAAGGAAAACCAGTTAA 
AG TAGT TAAAAG GAAAAGGTATAGT GCTTT GT C CAAT GACATTT CACAAGGAATTAAGAGACAAAGAAT GACAGTT G 
AGT CTAT GGGGT GGGC CT T GAGCTAATATAAAT T TAT C CAT TAAT T CAAT GAACGCAATT GAGT GAAAAAT GCT C GT 
GTTTCTACT 
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ACCTCTTTTAGGTTGAATGATTTAAATGGAGCCGACAAAGGTGGATTAATACCTTTTTGCCAGGATATCATTGATTC 
AT TAGAC C GAC C T GAAAT GAC TTTCTTCT CAGTAAAGAATATAAAGAAAAAAT T G C C T G C CAAAAACAGAAAG G GT T 
T C C T CATAAAGAG GATAC CAAT GAAG GTAAAAGACAAAATAAC CAAAGT G GAATACAT CAAAAGAG CAT TAT CAT TA 
AACACAATGACAAAAGACGCT GAAAGAGGCAAACT GAAAAGAAGAGCGATT GCCACT GCT GGAATACAAATCAGAGG 
GTTTGTATTAGTAGTTGAAAACTTGGCTAAAAATATATGTGAAAATCTAGAACAAAGTGGTTTACCAGTAGGTGGAA 
AC GAGAAGAAAG C CAAAC T GT CAAAC G CAGT GG C CAAAAT G C T CAGTAAC T G C C CAC CAG GAG G GAT TAG CAT GACA 
GTAACAG GAGACAATACAAAAT G GAAT GAAT GT T TAAAC C CAAGAAT CTTTTTGGC TAT GAC T GAAAGAATAAC CAG 
AGACAGCCCAGTTTGGTTCAGGGATTTTTGTAGTATAGCACCGGTCCTGTTCTCCAATAAGATAGCAAGATTGGGGA 
AAGGGTTTATGATAACAAGCAAAACAAAAAGACTGAAGGCTCAAATACCTTGTCCTGATCTGTTTAGTATACCGTTA 
GAAAGATATAAT GAAGAAACAAG G G CAAAAT T GAAAAAG C TAAAAC CAT T C T T CAAT GAAGAAG GAAC T G CAT C T T T 
GTCGCCTGGGATGATGATGGGAATGTTTAATATGCTATCTACCGTGTTGGGAGTAGCTGCACTAGGTATCAAGAACA 
TTGGAAACAAAGAATACTTATGGGATGGACTGCAATCTTCTGATGATTTTGCTCTGTTTGTTAATGCAAAGGATGAA 
GAAACAT GTAT G GAAG GAATAAAC GAC T T T TAC C GAACAT GTAAAT TAT T G G GAGTAAACAT GAG CAAAAAGAAAAG 
T TAC T GTAAT GAGAC T G GAAT GT T T GAAT T TACAAG CAT GT T C TACAGAGAT G GAT T T GTAT C TAAT T T T G CAAT G G 
AAC TCCCTTCGTTTGGGGTTGCTG GAGTAAAT GAAT CAG CAGATAT G G CAATAG GAAT GACAATAATAAAGAACAAC 
AT GAT CAAC AAT G GAAT GGGTCCGG CAAC AG CAC AAAC AG C CAT AC AGT TAT T CAT AG C T GAT TAT AGAT AC AC C T A 
CAAAT G C CACAG G G GAGAT T C CAAAGTAGAAGGAAAGAGAAT GAAAAT CATAAAG GAGT TAT G G GAAAACAC TAAAG 
GAAGAGATGGTCTATTAGTAGCAGATGGTGGGCCCAACATTTACAATTTGAGAAACCTGCATATCCCAGAAATAGTA 
TTAAAGTATAATCTAATGGACCCTGAATACAAAGGGCGGTTACTTCATCCTCAAAATCCCTTTGTGGGACATTTGTC 
TAT T GAG G G CAT CAAAGAG G CAGACATAAC C C CAG CACAT G GT C CAGTAAAGAAAAT G GAC TAC GAT GCGGTGTCTG 
GAAC T CATAGT T G GAGAAC CAAAAGAAACAGAT C TATAC TAAACAC T GATCAGAGGAACAT GATT CTT GAGGAACAA 
TGCTACGCTAAATGTTGCAACCTATTTGAGGCCTGTTTTAACAGTGCATCATACAGGAAGCCAGTGGGTCAACATAG 
CAT G C T T GAG G C TAT G G C C CACAGAT TAAGAAT G GAT G CAC GAT TAGAT TAT GAAT CAG G GAGAAT GT CAAAG GAT G 
ATTTTGAGAAAGCAATGGCTCACCTTGGTGAGATTGGGTACATATAAGCTTCGAAGATGTTTATGGGGTTATTGGTC 
AT CAT T GAATACAT G C GATACACAAAT GAT TAAAAT GAAAAAAG GCTCGTGTTTCTACT 

SEQ ID NO: 73 (PB2, B/Brisbane/60/08) 
AG C AGAAG C G GAG C GT T T T C AAGAT GAC AT T GG C C AAAAT T GAAT T GT T AAAAC AAC T G C T AAG G GAC AAT GAAG C C 
AAAACAGT T T T GAAG CAAACAAC G GTAGAC CAATATAACATAATAAGAAAAT T CAATACAT CAAG GAT T GAAAAGAA 
TCCTTCACTAAGGATGAAGTGGGCCATGTGTTCTAATTTTCCCTTGGCTCTAACCAAGGGCGATATGGCAAACAGAA 
TCCCCTTG GAATACAAAG G GATACAAC T TAAAACAAAT G C T GAAGACATAG GAAC CAAAG G C CAAAT GT G C T CAATA 
G CAG CAGT TACTTGGTG GAATACATAT G GAC CAATAG GAGATAC T GAAG GT T T C GAAAG G GT C TAC GAAAG C T T T T T 
TCTCAGAAAAATGAGACTTGACAACGCCACTTGGGGCCGAATAACTTTTGGCCCAGTTGAAAGAGTGAGAAAAAGGG 
TACTGCTAAACCCTCTCACCAAGGAAATGCCTCCGGATGAGGCGAGCAATGTGATAATGGAAATATTGTTCCCTAAA 
GAAG CAG GAATAC CAAGAGAAT C CAC T T G GATACATAG G GAAC T GATAAAAGAAAAAAGAGAAAAAT T GAAAG GAAC 
AATGATAACTCCAATCGTACTGGCATACATGCTTGAAAGAGAACTGGTTGCTCGAAGAAGATTCTTGCCAGTGGCAG 
GAG CAAC AT CAG C T GAGT T CAT AGAAAT G C T AC AC T G C T T AC AAG GT GAAAAT T G GAGAC AAAT AT AT CAC C CAG GA 
GGGAATAAATTAACT GAGT CCAGGT CT CAAT CAAT GATAGTAGCTT GTAGAAAAATAATCAGAAGAT CAATAGT CGC 
TTCAAACCCACTGGAGCTAGCTGTAGAAATTGCAAACAAGACTGTGATAGATACTGAACCTTTAAAGTCATGTCTGG 
CAG C CATAGAC G GAG GTGAT GTAGCTT GT GACATAATAAGAGCT GCATTAGGACTAAAGATCAGACAAAGACAAAGA 
T T T G GAC G G C T T GAG C TAAAAAGAATAT CAG GAAGAG GAT T CAAAAAT GAT GAAGAAATAT TAATAG G GAAC G GAAC 
AATACAGAAGAT T GGAATAT GGGAC GGGGAAGAGGAGT T C CAT GTAAGAT GT GGT GAAT GCAGGGGAATAT TAAAAA 
AGAGTAAAAT GAAAC T G GAAAAAC TACT GATAAAT T CAG C CAAAAAG GAG GATAT GAGAGAT T TAATAAT C T TAT G C 
AT G GTAT T T T C T CAAGACAC TAG GAT GT T C CAAG GAGT GAGAG GAGAAATAAAT T T T C T TAAT C GAG CAG G C CAAC T 
TTTATCTCCAATGTACCAACTCCAACGATATTTTTTGAATAGAAGCAACGACCTTTTTGATCAATGGGGGTATGAGG 
AAT CACCCAAAGCAAGT GAAC T AC AT G GGAT AAAT GAAT CAAT GAAT G CAT C T GAC TAT AC AT T GAAAG G GAT T GT A 
GT GACAAGAAAT GT AAT T GAC GACTT T AGCT CT AT T GAAACAGAAAAAGT AT C CAT AACAAAAAAT CT T AGT T T AAT 
AAAAAGGACT GGGGAAGT CAT AAT G G GAG C T AAT GACGT GAGT GAAT T AGAAT CACAAG CAC AGCT GAT GATAACAT 
AT GATACAC CTAAAAT GT GGGAAAT GGGAACAAC CAAAGAACT GGT GCAAAACACT TAT CAAT GGGT GCTAAAAAAC 
TTGGTGACACTGAAGGCTCAGTTTCTTCTAGGAAAAGAGGACATGTTCCAATGGGATGCATTTGAAGCATTTGAGAG 
CATAAT T C C T CAGAAGAT G G C T G GT CAGTACAGT G GAT T T G CAAGAG CAGT G C T CAAACAAAT GAGAGAC CAG GAG G 
TTATGAAAACTGACCAGTTCATAAAGTTGTTGCCTTTTTGTTTCTCACCACCAAAATTAAGGAGCAATGGGGAGCCT 
TATCAATTCTTAAAACTTGTGTTGAAAGGAGGAGGGGAAAATTTCATCGAAGTAAGGAAAGGGTCCCCTCTATTTTC 
C TATAAT C CACAAACAGAAGT C C TAAC TATAT G C G G CAGAAT GAT GT CAT TAAAAG G GAAAAT T GAAGAT GAAGAAA 
GGAATAGATCAATGGGTAATGCAGTATTAGCAGGCTTTCTCGTTAGTGGCAAGTATGACCCAGATCTTGGAGATTTC 
AAAAC TAT T GAAGAAC T T GAAAAG C T GAAAC C G G G G GAAAAG G CAAACAT C T TAC T T TAT CAAG GAAAAC CAGT TAA 
AGTAGTTAAAAGGAAAAGGTATAGTGCTTTGTCCAATGACATTTCACAAGGAATTAAGAGACAAAGAATGACAGTTG 
AGTCTATGGGGTGGGCCTTGAGCTAATATAAATTTATCCATTAATTCAATGAACGCAATTGAGTGAAAAATGCTCGT 
GTTTCTACT 
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SEQ ID NO: 74 (NP, B/Brisbane/60/08) 

AG CAGAAG CACAG CAT T T T CT T GT GAACTT CAAG CAC CAG TAAAAGAACT GAAAAT CAAAAT GT CCAACAT GGATAT 
T GACGGTATAAACACT GGGACAATT GACAAAACACCGGAAGAAATAACTT CT GGAACCAGT GGGACAAC CAGAC CAA 
T CAT TAGAC CAG CAAC C CT T GC C C CAC CAAG CAACAAAC GAAC C C GTAAC C CAT CCCCGGAAAGAGCAACCACAAGC 

5 AGT GAAGAT GAT GT C GGAAG GAAAAC C CAAAAGAAACAGAC C C C GACAGAGATAAAGAAGAGC GT CTACAACAT GGT 
GGT GAAACT GGGCGAATT CTATAACCAGAT GAT GGT CAAAGCT GGACT CAAT GAT GACAT GGAGAGAAAT CTAAT CC 
AAAAT GC GCAT GC C GT GGAAAGAATT CTATT GGCT GC CACT GAT GACAAGAAAACCGAGTT CCAGAAGAAAAAGAAT 
GC CAGAGAT GT CAAAGAAGGGAAAGAAGAAATAGAT CACAACAAAACAG GAGGCAC CT T T TACAAGAT GGTAAGAGA 
T GATAAAAC CAT CTACTT CAGC C CTATAAGAAT TAC CT T T T TAAAAGAAGAGGT GAAAACAAT GTACAAAAC CAC CA 

10 T GGGGAGT GAT GGCTT CAGT GGACTAAAT CACATAAT GATT GGGCATT CACAGAT GAAT GAT GT CT GT T T CCAAAGA 
T CAAAGGCACTAAAAAGAGTT GGACTT GAT C CT T CAT TAAT CAG TAC CT T T GC GGGAAG CACAGT CCCCAGAAGAT C 
AGGT GC GACT GGT GT T GCAAT CAAAGGAGGT GGAAC CT TAGT GGCT GAAGC CAT T C GAT T TATAGGAAGAGCAAT GG 
CAGACAGAGGGCTATT GAGAGACAT CAAAGCCAAGACT GC CTAT GAAAAGATT CT T CT GAAT CTAAAAAACAAAT GC 
T CT GC GC C C CAACAAAAGGCT CTAGTT GAT CAAGT GAT CGGAAGCAGAAAT CCGGGGATT GCAGACATT GAAGAT CT 

15 AACCCT GCTT GCT CGTAGTAT GGT CGTT GTTAGGCCCT CT GT GGCAAGCAAAGT GGT GCTT CCCATAAGCATTTACG 
C CAAAATAC CT CAACTAGGGTT CAAT GT T GAAGAG TACT CTAT GGTT GGGTAC GAAGC CAT GGCT CT T TACAATAT G 
G CAACAC CT GT GT CCATATTAAGAAT GGGAGAT GAT GCAAAAGATAAAT C GCAAT TAT T CT T CAT GT CT T GCTT CGG 
AGCT GC CTAT GAAGAC CT GAGAGTTTT GT CT GCATTAACAGGCACAGAATT CAAGCCTAGAT CAG CAT TAAAAT G CA 
AGGGTTT C CAT GT T CCAGCAAAGGAACAGGTAGAAGGAAT GGGAGCAGCT CT GAT GT C CAT CAAGCT CCAGTTTT GG 

20 GCT C C GAT GACCAGAT CT GGGGGGAACGAAGTAGGT GGAGACGGAGGGT CT GGCCAAATAAGCT GCAGCCCAGT GT T 
T GCAGT GGAAAGACCTATT GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCT GT CAAT GAATATT GAGGGAC GT GAT G 
CAGAT GT CAAAGGAAAT CTACT CAAGAT GAT GAAT GACT CAAT GGCTAAGAAAACCAGT GGAAAT GCTTT CAT T GGG 
AAGAAAAT GT T T CAAATAT CAGACAAAAACAAAACCAAT C C CAT T GAAATT C CAAT TAAG CAGAC CAT CCCCAATTT 
CT T CT T T GGGAGGGACACAG CAGAG GAT TAT GAT GAC CT C GAT TAT TAAGGCAACAAAATAGACAC TAT GACT GT GA 

25 TT GT T T CAATAC GT T T GGAAT GT GGGT GT T TAT T CT TAT TAAAATAAATATAAAAAAT GCT GT T GT T T CTACT 

SEQ ID NO: 75 (M, B/Brisbane/60/08) 

AGCAGAAGCACGCACTTT CT TAAAAT GT C GCT GT T T GGAGACACAATT GC CTAC CT GCTTT CAT T GACAGAAGAT GG 
AGAAGGCAAAG CAGAAC TAG CAGAAAAAT TACACT GT T GGTTT GGT GGGAAAGAATTT GACCTAGACT CT GC CT T GG 
AAT GGATAAAAAACAAAAGAT GCTTAACT GATATACAAAAAG CAC TAAT T GGT GC CT CTATAT GCTTTTTAAAACCC 

30 AAAGACCAGGAAAGAAAAAGAAGATT CAT CACAGAGC C CT TAT CAGGAAT GGGAACAACAGCAACAAAAAAGAAAGG 
C CT GATT CT GGCT GAGAGAAAAAT GAGAAGAT GT GT GAGCTTT CAT GAAG CAT T T GAAATAG CAGAAGGC CAT GAAA 
GCT CAGCGCTACTATACT GT CT CAT GGT CAT GTAC CT GAAT C CT GGAAAT TAT T CAAT GCAAG TAAAAC TAG GAAC G 
CT CT GT GCT T TAT GC GAGAAACAAG CAT CACATT CACACAGGGCT CATAGCAGAGCAGCGAGAT CT T CAGT GC CT GG 
AGT GAGACGAGAAAT GCAGAT GGT CT CAGCTAT GAACACAGCAAAAACAAT GAAT GGAAT GGGAAAAGGAGAAGACG 

35 T CCAAAAGCT GGCAGAAGAGTT GCAAAGCAACATT GGAGT GCT GAGAT CT CT T GGGGCAAGCCAAAAGAAT GGGGAA 
GGGATT GCAAAG GAT GTAAT GGAAGT GCTAAAGCAGAGCT C CAT GGGAAATT CAGCT CT T GT GAAGAAATAT CTATA 
AT GCT C GAAC CAT T T CAGATT CT TACAAT T T GT T CT T T TAT CT TAT CAGCT CT C CAT T T CAT GGCTT GGACAATAGG 
G CAT T T GAAT CAAATAAAAAGAGGAATAAACAT GAAAATACGAATAAAAGGT CCAAACAAAGAGACAATAAACAGAG 
AGGTAT CAATTTT GAGACACAGTTACCAAAAAGAAAT CCAGGCCAAAGAAACAAT GAAG GAAG TACT CT CT GACAAC 

40 AT GGAGGTATT GAAT GACCACATAATAATT GAGGGGCTTT CT GC C GAAGAGATAATAAAAAT GGGT GAAACAGTTTT 
GGAGATAGAAGAATT GCATTAAATT CAAT T T TACT GTATTT CT TAC TAT GCATTTAAGCAAATT GTAAT CAAT GT CA 
GCAAATAAACT GGAAAAAGT GC GT T GT T T CTACT 

SEQ ID NO: 76 (NS, B/Brisbane/60/08) 

AG CAGAAG CAGAG GAT T T GT T TAGT CACT GGCAAACAGGGAAAAAT GGCGAACAACAACAT GACCACAACACAAATT 
45 GAGGT GGGT CCGGGAGCAACCAAT GC CAC CATAAACT T T GAAGCAGGAATT CTAGAGT GCTAT GAAAGGCTTT CAT G 

G CAAAGAGC C CT T GAC TAC C CT GGT CAAGACCGCCTAAACAGACTAAAGAGAAAATTAGAGT CAAGAATAAAGACT C 
ACAACAAAAGT GAGC CT GAAAG TAAAAG GAT GT C C CT T GAAGAGAGAAAAGCAATT GGAGTAAAAAT GAT GAAAG TA 
CT C CTAT T TAT GAAT C C GT CT GCT GGAATT GAAGGGTTT GAGCCATACT GTAT GAAAAGTT C CT CAAATAGCAACT G 
TACGAAATACAATT GGACT GAT TAC C CT T CAACACCAGAGAGGT GC CT T GAT GACATAGAG GAAGAAC CAGAG GAT G 

50 TT GAT GGCCCAACT GAAATAG TAT TAAGGGACAT GAACAACAAAGAT GCAAGGCAAAAGATAAAG GAG GAAG TAAAC 
ACT CAGAAAGAAGGGAAGTT C C GT T T GACAATAAAAAGGGATAT GC GTAAT GTATT GT C CT T GAGAGT GT T GGTAAA 
CGGAACATT C CT CAAACACCCCAAT GGACACAAGT C CT TAT CAACT CT GCATAGATT GAAT GCATAT GACCAGAGT G 
GAAGGCTT GT T GCTAAACTT GT T GC CACT GAT GAT CT TACAGT GGAGGAT GAAGAAGAT GGC CAT CGGAT C CT CAAC 
T CACT CT T C GAGC GT CT TAAT GAAGGACATT CAAAGCCAATT CGAGCAGCT GAAACT GC GGT GGGAGT CT TAT C C CA 

55 AT T T GGT CAAGAG CAC C GAT TAT CAC CAGAAGAGGGAGACAAT TAGACT GGT CAC GGAAGAACT T TAT CT T T TAAG T 
AAAAGAATT GAT GATAACATAC TAT T CCACAAAACAGTAATAGCTAACAGCT CCATAATAGCT GACAT GGTT GTAT C 
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SEQ ID NO: 74 (NP, B/Brisbane/60/08) 

AG C AGAAG CAC AG CAT TTTCTTGT GAAC T T CAAG CAC C AGT AAAAGAAC T GAAAAT C AAAAT GT C CAAC AT G GAT AT 
T GAC G GTATAAACAC T G G GACAAT T GACAAAACAC C G GAAGAAATAAC T T C T G GAAC CAGT G G GACAAC CAGAC CAA 
T CAT TAGAC CAG CAAC CCTTGCCC CAC CAAG CAACAAAC GAAC C C GTAAC C CAT C C C C G GAAAGAG CAAC CACAAG C 
AGT GAAGAT GAT GT C G GAAG GAAAAC C CAAAAGAAACAGAC C C C GACAGAGATAAAGAAGAG C GT C TACAACAT GGT 
GGT GAAACT GGGC GAAT T CTATAAC CAGATGAT GGT CAAAGCT GGACT CAAT GAT GACAT GGAGAGAAAT CTAAT CC 
AAAAT GC GCAT GC C GT GGAAAGAAT T CTAT T GGCT GC CACT GAT GACAAGAAAAC C GAGT T C CAGAAGAAAAAGAAT 
G C CAGAGAT GT CAAAGAAG G GAAAGAAGAAATAGAT CACAACAAAACAG GAG G CAC C T T T TACAAGAT G GTAAGAGA 
T GATAAAAC CAT C TAC T T CAG C C C TATAAGAAT TACCTTTT TAAAAGAAGAG GT GAAAACAAT GTACAAAAC CAC CA 
T G G G GAGT GAT G G C T T CAGT G GAC TAAAT CACATAAT GAT T G G G CAT T CACAGAT GAAT GAT GTCTGTTTC CAAAGA 
T CAAAG G CAC TAAAAAGAGT T G GAC T T GAT C CT T CAT TAAT CAGTAC CTTTGCGG GAAG CACAGT C C C CAGAAGAT C 
AGGTGCGACTGGTGTTGCAATCAAAGGAGGTGGAACCTTAGTGGCTGAAGCCATTCGATTTATAGGAAGAGCAATGG 
CAGACAGAG G G C TAT T GAGAGACAT CAAAG C CAAGAC T G C C TAT GAAAAGAT T C T T C T GAAT C TAAAAAACAAAT G C 
TCTGCGCCCCAACAAAAGGCTCTAGTTGATCAAGTGATCGGAAGCAGAAATCCGGGGATTGCAGACATTGAAGATCT 
AACCCTGCTTGCTCGTAGTATGGTCGTTGTTAGGCCCTCTGTGGCAAGCAAAGTGGTGCTTCCCATAAGCATTTACG 
CCAAAATACCTCAACTAGGGTTCAATGTTGAAGAGTACTCTATGGTTGGGTACGAAGCCATGGCTCTTTACAATATG 
GCAACACCTGTGTCCATATTAAGAATGGGAGATGATGCAAAAGATAAATCGCAATTATTCTTCATGTCTTGCTTCGG 
AG C T G C C TAT GAAGAC C T GAGAGT T T T GT C T GCAT TAACAG G CACAGAAT T CAAG C C TAGAT CAG CAT TAAAAT G CA 
AGGGTTTCCATGTTCCAGCAAAGGAACAGGTAGAAGGAATGGGAGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGG 
GCTCCGATGACCAGATCTGGGGGGAACGAAGTAGGTGGAGACGGAGGGTCTGGCCAAATAAGCTGCAGCCCAGTGTT 
T G CAGT G GAAAGAC C TAT T G C T C TAAG CAAG CAAG C T GTAAGAAGAAT G C T GT CAAT GAATAT T GAG G GAC GT GAT G 
CAGAT GT CAAAG GAAAT C TAC T CAAGATGAT GAAT GACT CAAT GGCTAAGAAAACCAGT GGAAAT GCTTT CATT GGG 
AAGAAAATGTTT CAAATAT CAGACAAAAACAAAACCAAT CCCATT GAAATT CCAATTAAGCAGACCAT CCCCAATTT 
CTTCTTTGG GAG G GACACAG CAGAG GAT TAT GAT GAC C T C GAT TAT TAAG G CAACAAAATAGACAC TAT GAC T GT GA 
TTGTTTCAATACGTTTGGAATGTGGGTGTTTATTCTTATTAAAATAAATATAAAAAATGCTGTTGTTTCTACT 

SEQ ID NO: 75 (M, B/Brisbane/60/08) 

AGCAGAAGCACGCACTTTCTTAAAATGTCGCTGTTTGGAGACACAATTGCCTACCTGCTTTCATTGACAGAAGATGG 
AGAAGGCAAAGCAGAACTAGCAGAAAAATTACACTGTTGGTTTGGTGGGAAAGAATTTGACCTAGACTCTGCCTTGG 
AAT G GATAAAAAACAAAAGAT G C T TAAC T GATATACAAAAAG CAC TAAT TGGTGCCTC TATAT G C T T T T TAAAAC C C 
AAAGAC CAG GAAAGAAAAAGAAGAT T CAT CACAGAG C C C T TAT CAG GAAT G G GAACAACAG CAACAAAAAAGAAAG G 
C C T GAT T C T G G C T GAGAGAAAAAT GAGAAGAT GT GT GAG C T T T CAT GAAG CAT T T GAAATAG CAGAAG G C CAT GAAA 
GCTCAGCGCTACTATACTGTCTCATGGTCATGTACCTGAATCCTGGAAATTATTCAATGCAAGTAAAACTAGGAACG 
CTCTGTGCTT TAT G C GAGAAACAAG CAT CACAT T CACACAG G G C T CATAG CAGAG CAG C GAGAT CTT CAGT G C C T G G 
AGT GAGACGAGAAAT GCAGAT GGT CT CAGCTAT GAACACAGCAAAAACAAT GAAT GGAAT GGGAAAAGGAGAAGACG 
TCCAAAAGCTGGCAGAAGAGTTGCAAAGCAACATTGGAGTGCTGAGATCTCTTGGGGCAAGCCAAAAGAATGGGGAA 
G G GAT T G CAAAG GAT GTAAT G GAAGT G C TAAAG CAGAG C T C CAT G G GAAAT T CAG C T C T T GT GAAGAAATAT C TATA 
ATGCTCGAACCATTTCAGATTCTTACAATTTGTTCTTTTATCTTATCAGCTCTCCATTTCATGGCTTGGACAATAGG 
G CAT T T GAAT CAAATAAAAAGAG GAATAAACAT GAAAATAC GAATAAAAG GT C CAAACAAAGAGACAATAAACAGAG 
AG GTAT CAAT T T T GAGACACAGT TAC CAAAAAGAAAT C CAG G C CAAAGAAACAAT GAAG GAAGTAC T C T C T GACAAC 
AT G GAG GTAT T GAAT GAC CACATAATAAT T GAG GGGCTTTCTGCC GAAGAGATAATAAAAAT G G GT GAAACAGT T T T 
G GAGATAGAAGAAT T G CAT TAAAT T CAAT T T TAC T GTAT T T C T TAC TAT G CAT T TAAG CAAAT T GTAAT CAAT GT CA 
GCAAATAAACTGGAAAAAGTGCGTTGTTTCTACT 

SEQ ID NO: 76 (NS, B/Brisbane/60/08) 

AG CAGAAG CAGAG GAT TTGTTTAGT CAC T G G CAAACAG G GAAAAAT G G C GAACAACAACAT GAC CACAACACAAAT T 
GAGGTGGGTCCGGGAGCAACCAATGCCACCATAAACTTTGAAGCAGGAATTCTAGAGTGCTATGAAAGGCTTTCATG 
G CAAAGAG C C C T T GAC TACCCTGGT CAAGAC C G C C TAAACAGAC TAAAGAGAAAAT TAGAGT CAAGAATAAAGAC T C 
ACAACAAAAGT GAG C C T GAAAGTAAAAG GAT GT C C C T T GAAGAGAGAAAAG CAAT T G GAGTAAAAAT GAT GAAAGTA 
CTCCTATTTATGAATCCGTCTGCTGGAATTGAAGGGTTTGAGCCATACTGTATGAAAAGTTCCTCAAATAGCAACTG 
T AC GAAAT AC AAT T G GAC T GAT T AC C C T T CAAC AC C AGAGAG GT G C C T T GAT GAC AT AGAG GAAGAAC C AGAG GAT G 
T T GAT G G C C CAAC T GAAAT AGT AT T AAG G GACAT GAAC AAC AAAGAT G CAAG G C AAAAGAT AAAG GAG GAAGT AAAC 
ACTCAGAAAGAAGGGAAGTTCCGTTTGACAATAAAAAGGGATATGCGTAATGTATTGTCCTTGAGAGTGTTGGTAAA 
C GGAACAT T C CT CAAACAC C C CAAT GGACACAAGT C CT TAT CAACT CT GCATAGAT T GAAT GCATAT GAC CAGAGT G 
GAAGGCTTGTTGCTAAACTTGTTGCCACTGATGATCTTACAGTGGAGGATGAAGAAGATGGCCATCGGATCCTCAAC 
TCACTCTTCGAGCGTCTTAATGAAGGACATTCAAAGCCAATTCGAGCAGCTGAAACTGCGGTGGGAGTCTTATCCCA 
AT T T G GT CAAGAG CAC C GAT TAT CAC CAGAAGAG G GAGACAAT TAGAC T G GT CAC G GAAGAAC T T TAT C T T T TAAGT 
AAAAGAAT T GAT GATAACATAC TAT T C CACAAAACAGTAATAG C TAACAG C T C CATAATAG C T GACAT G GT T GTAT C 
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ATTATCATTATTAGAAACATTGTATGAAATGAAGGATGTGGTTGAAGTGTACAGCAGGCAGTGCTTGTGAATTTAAA 
ATAAAAATCCTCTTGTTACTACT 

SEQ ID NO: 77 (PA, B/Panama/45/90) 
AGCAGAAGCGGTGCGTTTGATTTGCCATAATGGATACTTTTATTACAAGAAACTTCCAGACTACAATAATACAAAAG 

5 GCCAAAAACACAATGGCAGAATTTAGTGAAGATCCTGAATTACAACCAGCAATGCTATTCAACATCTGCGTCCATCT 
AGAGGTTTGCTATGTAATAAGTGACATGAATTTTCTTGACGAAGAAGGAAAATCATATACAGCATTAGAAGGACAAG 
GAAAAGAACAAAACTTGAGACCACAATATGAAGTAATTGAGGGAATGCCAAGAACCATAGCATGGATGGTCCAAAGA 
T CCTTAGCT CAAGAGCAT GGAATAGAGACT CCAAAGTAT CT GGCT GATTT GTTT GATTATAAAACCAAGAGATTTAT 
AGAAGTTGGAATAACAAAAGGATTGGCTGATGATTACTTTTGGAAAAAGAAAGAAAAGCTGGGAAATAGCATGGAAC 

10 T GAT GATATT CAGCTACAAT CAAGACTATT CGTTAAGTAAT GAAT CCT CATT GGAT GAGGAAGGGAAAGGGAGAGT G 
CTAAGCAGACT CACAGAACTT CAGGCT GAATTAAGT CT GAAAAACCTAT GGCAAGTT CT CATAGGAGAAGAAGAT GT 
TGAAAAGGGAATTGACTTTAAACTTGGACAAACAATATCTAGACTAAGGGATATATCTGTTCCAGCTGGTTTCTCCA 
ATTTT GAAGGAAT GAGGAGCTACATAGACAATATAGAT CCTAAAGGAGCAATAGAAAGAAAT CTAGCAAGGAT GT CT 
CCCTTAGTAT CAGCCACACCTAAAAAGTT GAAAT GGGAGGACCTAAGACCAATAGGGCCT CACATTTACAACCAT GA 

15 GTTACCAGAAGTT CCATATAAT GCCTTT CTT CTAAT GT CT GAT GAATT GGGGCT GGCCAATAT GACT GAGGGAAAGT 
CCAAAAAACCGAAGACATTAGCCAAAGAATGTCTAGAAAAGTACTCAACACTACGGGATCAAACTGACCCAATATTA 
ATAAT GAAAAGCGAAAAAGCTAACGAAAATTTCCTATGGAAGCTGTGGAGGGACTGTGTAAATACAATAAGTAAT GA 
GGAAATGAGTAACGAGTTACAGAAAACCAATTATGCCAAGTGGGCCACAGGAGATGGATTAACATACCAGAAAATAA 
T GAAAGAAGTAGCAATAGAT GACGAAACAAT GT GCCAAGAAGAGCCTAAAAT CCCTAACAAAT GTAGAGT GGCT GCT 

20 TGGGTTCAAACAGAGATGAATTTATTGAGCACTCTGACAAGTAAAAGAGCTCTGGACCTACCAGAAATAGGGCCAGA 
CGTAGCACCCGTGGAGCATGTAGGGAGTGAAAGAAGGAAATACTTTGTTAATGAAATCAACTGCTGTAAGGCCTCTA 
CAGTTAT GAT GAAGTAT GT GCTTTTT CACACTT CATTATT GAAT GAAAGCAAT GCCAGCAT GGGAAAATATAAAGTA 
ATACCAATAACCAATAGAGTAGTAAAT GAAAAAGGAGAAAGTTT CGACAT GCTTTAT GGT CT GGCGGTTAAAGGACA 
AT CT CAT CT GAGGGGAGATACT GAT GTT GTAACAGTT GT GACTTT CGAATTTAGT GGTACAGAT CCCAGAGT GGACT 

25 CAGGAAAGT GGCCAAAATATACT GT GTTTAGGATT GGCT CCCTATTT GT GAGT GGGAGGGAAAAAT CT GT GTACCTA 
TATT GCCGAGT GAAT GGCACAAATAAGAT CCAAAT GAAAT GGGGAAT GGAAGCTAGAAGAT GT CT GCTT CAAT CAAT 
GCAACAAATGGAAGCAATTGTTGAACAAGAATCATCGATACAAGGATATGACATGACCAAAGCTTGTTTCAAGGGAG 
ACAGAGTAAATAGCCCCAAAACTTTTAGTATTGGGACTCAAGAAGGAAAACTAGTAAAAGGATCCTTTGGGAAAGCA 
CTAAGAGTAATATTTACCAAAT GTTT GAT GCACTAT GTATTT GGAAAT GCCCAATT GGAGGGGTTTAGT GCCGAGT C 

30 TAGGAGACTTCTACTGTTAATTCAAGCACTAAAGGACAGAAAGGGCCCTTGGGTGTTCGACTTAGAGGGAATGTATT 
CT GGAATAGAAGAAT GTATTAGTAACAACCCTT GGGTAATACAGAGT GCATACT GGTT CAAT GAAT GGTT GGGCTTT 
GAAAAGGAGGGGAGTAAAGTATTAGAATCAGTAGATGAAATAATGAATGAATGAAAAAACATAGTACTCAATTTGGT 
ACTATTTTGTTCATTATGTATCTAAACATCCAATAAAAAGAATCGAGAATCAAAAATGCACGTGTTTCTACT 

SEQ ID NO: 78 (PB1, B/Panama/45/90) 

35 AGCAGAAGCGGAGCCTTTAAGATGAATATAAATCCTTATTTTCTCTTCATAGATGTACCCATACAGGCAGCAATTTC 
AACAACATT CCCATACACCGGT GTT CCCCCTTACT CCCAT GGAACGGGAACAGGCCACACAATAGACACCGT GAT CA 
GAACACAT GAGTACT CGAACAAGGGAAAACAGTAT GTTT CT GACAT CACAGGAT GTACAAT GGTAGAT CCAACAAAT 
GGGCCATTACCCGAAGACAAT GAGCCGAGT GCCTAT GCACAATTAGATT GCGTT CT GGAGGCTTT GGATAGAAT GGA 
TGAAGAACATCCAGGTTTGTTTCAAGCAGCCTCACAGAATGCCATGGAGGCACTAATGGTCACAACTGTAGACAAAT 

40 TAACCCAGGGGAGACAGACTTTTGATTGGACAGTATGCAGAAACCAGCCTGCTGCAACGGCACTAAACACAACAATA 
ACCTCCTTTAGGTTGAATGATTTGAATGGAGCTGACAAGGGTGGATTGGTACCCTTTTGCCAAGATATCATTGATTC 
ATT GGACAAACCT GAAAT GACTTT CTT CT CAGTAAAGAATATAAAGAAAAAATT GCCT GCTAAAAACAGAAAGGGTT 
TCCTCATAAAGAGAATACCAATGAAAGTAAAAGACAGGATAACCAGAGTGGAATACATCAAAAGAGCATTATCATTA 
AACACAATGACAAAAGATGCTGAAAGGGGCAAACTAAAAAGAAGAGCGATTGCAACCGCTGGAATACAAATCAGAGG 

45 GTTTGTATTAGTAGTTGAAAACTTGGCTAAAAATATCTGTGAAAATCTAGAACAAAGTGGTTTGCCCGTAGGTGGAA 
AT GAAAAGAAGGCCAAACT GT CAAAT GCAGT GGCCAAAAT GCT CAGTAACT GCCCACCAGGAGGGAT CAGCAT GACA 
GTAACAGGAGACAATACTAAATGGAATGAATGCTTAAATCCAAGAATCTTTTTGGCTATGACTGAAAGGATAACAAG 
AGACAGCCCAATTT GGTT CCGGGATTTTT GTAGTATAGCACCGGT CTT GTT CT CCAATAAAATAGCCAGATT GGGAA 
AAGGATTTAT GATAACAAGCAAAACAAAAAGACT GAAGGCT CAAATACCTT GT CCAGAT CT GTTTAGCATACCATTA 

50 GAAAGATATAATGAAGAAACAAGGGCAAAATTAAAAAAGCTGAAACCATTCTTCAATGAAGAAGGAACGGCATCTTT 
GT CGCCT GGGAT GAT GAT GGGAAT GTTTAATAT GCTAT CTACCGT GTT GGGAGTAGCCGCACTAGGTAT CAAAAACA 
TTGGAAACAAAGAATATTTATGGGATGGACTGCAATCTTCTGATGATTTTGCTCTGTTTGTTAATGCAAAAGATGAA 
GAGACATGTATGGAAGGAATAAACGACTTTTACCGAACATGTAAATTATTGGGAATAAACATGAGCAAAAAGAAAAG 
TTACTGTAATGAAACTGGAATGTTTGAATTTACAAGCATGTTCTATAGAGATGGATTTGTATCTAATTTTGCAATGG 

55 AAATTCCTTCATTTGGAGTTGCTGGAGTAAATGAATCAGCAGATATGGCAATAGGAATGACAATAATAAAGAACAAT 
AT GAT CAACAAT GGGAT GGGT CCAGCAACAGCACAAACAGCCATACAATTATT CATAGCT GATTATAGGTACACCTA 
CAAATGCCACAGGGGAGATTCCAAAGTGGAAGGAAAAAGAATGAAAATTATAAAGGAGCTATGGGAAAACACTAAAG 
GAAGAGAT GGT CT GTTAGT GGCAGAT GGT GGGCCCAACATTTACAATTT GAGAAACTTACATAT CCCAGAAATAGTA 
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ATTATCATTATTAGAAACATTGTATGAAATGAAGGATGTGGTTGAAGTGTACAGCAGGCAGTGCTTGTGAATTTAAA 
ATAAAAATCCTCTTGTTACTACT 

SEQ ID NO: 77 (PA, B/Panama/45/90) 
AG CAGAAG CGGTGCGTTT GAT T T G C CATAAT GGATAC T T T TAT TACAAGAAAC T T C CAGAC TACAATAATACAAAAG 
G C CAAAAACACAAT G G CAGAAT T TAGT GAAGAT C C T GAAT TACAAC CAG CAAT G C TAT T CAACAT C T G C GT C CAT C T 
AGAG GT T T G C TAT GTAATAAGT GACAT GAAT T T T C T T GAC GAAGAAG GAAAAT CATATACAG CAT TAGAAG GACAAG 
GAAAAGAACAAAAC T T GAGAC CACAATAT GAAGTAAT T GAG G GAAT G C CAAGAAC CATAG CAT G GAT G GT C CAAAGA 
TCCTTAGCT CAAGAG CAT G GAATAGAGAC T C CAAAGTAT C T G G C T GAT T T GT T T GAT TATAAAAC CAAGAGAT T TAT 
AGAAGT T G GAATAACAAAAG GAT T G G C T GAT GAT TACTTTTG GAAAAAGAAAGAAAAG C T G G GAAATAG CAT G GAAC 
T GAT GATAT T CAG C TACAAT CAAGAC TAT T C GT TAAGTAAT GAAT C C T CAT T G GAT GAG GAAG G GAAAG G GAGAGT G 
C TAAG CAGAC T CACAGAAC T T CAG G C T GAAT TAAGT C T GAAAAAC C TAT G G CAAGT T C T CATAG GAGAAGAAGAT GT 
TGAAAAGGGAATTGACTTTAAACTTGGACAAACAATATCTAGACTAAGGGATATATCTGTTCCAGCTGGTTTCTCCA 
AT T T T GAAG GAATGAGGAGCTACATAGACAATATAGAT CCTAAAGGAGCAATAGAAAGAAAT CTAGCAAGGATGT CT 
C C C T TAGTAT CAG C CACAC C TAAAAAGT T GAAAT G G GAG GAC C TAAGAC CAATAG G G C C T CACAT T TACAAC CAT GA 
GTTACCAGAAGTTCCATATAATGCCTTTCTTCTAATGTCTGATGAATTGGGGCTGGCCAATATGACTGAGGGAAAGT 
C CAAAAAAC C GAAGACAT TAGC CAAAGAAT GT CTAGAAAAGTACT CAACACTAC GGGAT CAAACT GAC C CAATAT TA 
ATAAT GAAAAG C GAAAAAG C TAAC GAAAAT T T C C TAT G GAAG C T GT G GAG G GAC T GT GTAAATACAATAAGTAAT GA 
G GAAAT GAGTAAC GAGT TACAGAAAAC CAAT TAT G C CAAGT G G G C CACAG GAGAT G GAT TAACATAC CAGAAAATAA 
T GAAAGAAGTAG CAATAGAT GAC GAAACAAT GT G C CAAGAAGAG C C TAAAAT C C C TAACAAAT GTAGAGT G G C T G C T 
T GGGT T CAAACAGAGAT GAAT T TAT T GAGCACT CT GACAAGTAAAAGAGCT CT GGAC CTAC CAGAAATAGGGC CAGA 
CGTAGCACCCGTGGAGCATGTAGGGAGTGAAAGAAGGAAATACTTTGTTAATGAAATCAACTGCTGTAAGGCCTCTA 
CAGT TAT GAT GAAGTAT GTGCTTTTT CACAC T T CAT TAT T GAAT GAAAG CAAT G C CAG CAT G G GAAAATATAAAGTA 
ATACCAATAACCAATAGAGTAGTAAATGAAAAAGGAGAAAGTTTCGACATGCTTTATGGTCTGGCGGTTAAAGGACA 
ATCTCATCTGAGGGGAGATACTGATGTTGTAACAGTTGTGACTTTCGAATTTAGTGGTACAGATCCCAGAGTGGACT 
CAGGAAAGTGGCCAAAATATACTGTGTTTAGGATTGGCTCCCTATTTGTGAGTGGGAGGGAAAAATCTGTGTACCTA 
TAT T G C C GAGT GAAT G G CACAAATAAGAT C CAAAT GAAAT G G G GAAT G GAAG C TAGAAGAT GTCTGCTT CAAT CAAT 
G CAAC AAAT G GAAG CAAT T GT T GAAC AAGAAT CAT C GAT AC AAG GAT AT GACAT GAC C AAAG C T T GT T T CAAG G GAG 
ACAGAGTAAATAG C C C CAAAAC T T T TAGTAT T G G GAC T CAAGAAG GAAAAC TAGTAAAAG GAT C C T T T G G GAAAG CA 
CTAAGAGTAATATTTACCAAATGTTTGATGCACTATGTATTTGGAAATGCCCAATTGGAGGGGTTTAGTGCCGAGTC 
TAGGAGACTTCTACTGTTAATTCAAGCACTAAAGGACAGAAAGGGCCCTTGGGTGTTCGACTTAGAGGGAATGTATT 
CTGGAATAGAAGAATGTATTAGTAACAACCCTTGGGTAATACAGAGTGCATACTGGTTCAATGAATGGTTGGGCTTT 
GAAAAG GAG G G GAGTAAAGTAT TAGAATCAGTAGAT GAAATAAT GAAT GAAT GAAAAAACATAGTACT CAATTT GGT 
AC TAT T T T GT T CAT TAT GTAT C TAAACAT C CAATAAAAAGAAT C GAGAAT CAAAAAT G CAC GTGTTTCTACT 

SEQ ID NO: 78 (PBl, B/Panama/45/90) 

AG CAGAAG C G GAG C C T T TAAGAT GAATATAAAT C C T TAT TTTCTCTT CATAGAT GTAC C CATACAG G CAG CAAT T T C 
AACAACAT T C C CATACAC CGGTGTTCCCCCT TAC T C C CAT G GAAC G G GAACAG G C CACACAATAGACAC C GT GAT CA 
GAACACAT GAGT AC T C GAAC AAG G GAAAAC AGT AT GTTT CT GACAT CACAGGAT GTACAAT GGT AGAT C CAACAAAT 
GGGCCATTACCCGAAGACAATGAGCCGAGTGCCTATGCACAATTAGATTGCGTTCTGGAGGCTTTGGATAGAATGGA 
T GAAGAACAT C CAG GT T T GT T T CAAG CAG C C T CACAGAAT G C CAT G GAG G CAC TAAT GGT CACAAC T GTAGACAAAT 
TAAC C CAG G G GAGACAGAC T T T T GAT T G GACAGTAT G CAGAAAC CAG C C T G C T G CAAC G G CAC TAAACACAACAATA 
ACCTCCTTTAGGTTGAATGATTTGAATGGAGCTGACAAGGGTGGATTGGTACCCTTTTGCCAAGATATCATTGATTC 
AT T G GACAAAC C T GAAAT GAC TTTCTTCT CAGTAAAGAATATAAAGAAAAAAT T G C C T G C TAAAAACAGAAAG G GT T 
T C C T CATAAAGAGAATAC CAAT GAAAGTAAAAGACAG GATAAC CAGAGT G GAATACAT CAAAAGAG CAT TAT CAT TA 
AACACAAT GACAAAAGAT G C T GAAAG G G G CAAAC TAAAAAGAAGAG C GAT T G CAAC C G C T G GAATACAAAT CAGAG G 
GTTTGTATTAGTAGTTGAAAACTTGGCTAAAAATATCTGTGAAAATCTAGAACAAAGTGGTTTGCCCGTAGGTGGAA 
AT GAAAAGAAG G C CAAAC T GT CAAAT G CAGT GG C CAAAAT G C T CAGTAAC T G C C CAC CAG GAG G GAT CAG CAT GACA 
GTAACAG GAGACAATAC TAAAT G GAAT GAAT GC T TAAAT C CAAGAAT CTTTTTGGC TAT GAC T GAAAG GATAACAAG 
AGACAGCCCAATTTGGTTCCGGGATTTTTGTAGTATAGCACCGGTCTTGTTCTCCAATAAAATAGCCAGATTGGGAA 
AAG GAT T TAT GATAACAAG CAAAACAAAAAGAC T GAAG G C T CAAATAC C T T GT C CAGAT CTGTTTAG CATAC CAT TA 
GAAAGATATAAT GAAGAAACAAG G G CAAAAT TAAAAAAG C T GAAAC CAT T C T T CAAT GAAGAAG GAAC G G CAT C T T T 
GTCGCCTGGGATGATGATGGGAATGTTTAATATGCTATCTACCGTGTTGGGAGTAGCCGCACTAGGTATCAAAAACA 
TTGGAAACAAAGAATATTTATGGGATGGACTGCAATCTTCTGATGATTTTGCTCTGTTTGTTAATGCAAAAGATGAA 
GAGACAT GTAT G GAAG GAATAAAC GAC T T T TAC C GAACAT GTAAAT TAT T G G GAATAAACAT GAG CAAAAAGAAAAG 
T TAC T GTAAT GAAAC T G GAAT GTTT GAAT T TACAAG CAT GT T C TATAGAGAT G GAT T T GTAT C TAAT T T T G CAAT G G 
AAAT T C C T T CAT T T G GAGT T G C T G GAGTAAAT GAAT CAG CAGATAT G G CAATAG GAAT GACAATAATAAAGAACAAT 
AT GAT CAACAAT G G GAT G G GT C CAG CAACAG CACAAACAG C CATACAAT TAT T CATAG C T GAT TATAG GTACAC C TA 
CAAAT GC CACAGGGGAGAT T C CAAAGT GGAAGGAAAAAGAATGAAAATTATAAAGGAGCTAT GGGAAAACACTAAAG 
GAAGAGATGGTCTGTTAGTGGCAGATGGTGGGCCCAACATTTACAATTTGAGAAACTTACATATCCCAGAAATAGTA 
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TT GAAGTACAACCTAAT GGACCCT GAATACAAAGGGCGGTTACTT CAT CCT CAAAAT CCATTT GTAGGACATTTAT C 

TATT GAGGGCAT CAAAGAAGCAGATATAACCCCAGCACAT GGT CCCGTAAAGAAAAT GGATTAT GAT GCAGTAT CTG 

GAACTCATAGTTGGAGAACCAAAAGGAACAGATCTATACTAAATACTGACCAGAGGAACATGATTCTTGAGGAACAA 

TGCTACGCTAAGTGTTGCAACCTTTTTGAGGCCTGTTTTAATAGTGCATCATACAGGAAACCAGTAGGTCAGCACAG 

5 CAT GCTT GAGGCTAT GGCCCACAGATTAAGAGT GGAT GCACGACTAGATTAT GAAT CAGGAAGAAT GT CAAAGGAT G 

ATTTT GAGAAAGCAAT GGCT CACCTT GGT GAGATT GGGTACATATAAGCT CCGAAGAT GT CTAT GGGGTTATT GGT C 

AT CATT GAATACAT GT GATAAACAAAT GATTAAAAT GAAAAAAGGCT CGT GTTT CTACT 

SEQ ID NO: 79 (PB2, B/Panama/4 5/90) 

AGCAGAAGCGGAGCGTTTTCAAGATGACATTGGCTAAAATTGAATTGTTAAAACAACTGTTAAGGGACAATGAAGCC 

10 AAAACAGTATTGAAACAAACAACGGTAGACCAATATAACATAATAAGAAAATTCAATACATCAAGAATTGAAAAGAA 

CCCTTCATTGAGGATGAAGTGGGCAATGTGTTCTAATTTTCCCTTGGCTCTGACCAAGGGTGATATGGCAAACAGAA 

T CCCCTT GGAATACAAGGGAATACAACTTAAAACAAAT GCT GAAGACATAGGAACTAAAGGCCAAAT GT GCT CAATA 

GCAGCAGTTACCTGGTGGAATACATATGGACCAATAGGAGATACTGAAGGTTTCGAAAAGGTCTACGAAAGCTTTTT 

T CT CAGAAAGAT GAGACTT GACAAT GCCACTTGGGGCCGAATAACTTTT GGCCCAGTT GAAAGAGTAAGAAAAAGGG 

15 TACT GCTAAACCCT CT CACCAAGGAAAT GCCTCCAGAT GAAGCAAGTAAT GT GATAAT GGAAATATT GTT CCCTAAG 

GAAGCAGGAATACCAAGAGAATCTACTTGGATACATAGGGAACTGATAAAAGAAAAAAGAGAAAAATTGAAAGGAAC 

AATGATAACTCCCATTGTACTGGCATACATGCTTGAGAGAGAATTGGTTGCCAGAAGAAGGTTCCTGCCGGTGGCAG 

GAGCAACATCAGCTGAGTTCATAGAAATGCTACACTGCTTACAAGGTGAAAATTGGAGACAAATATATCACCCAGGA 

GGAAATAAACTAACTGAATCTAGGTCTCAATCGATGATTGTAGCTTGTAGAAAGATAATCAGAAGATCAATAGTCGC 

20 AT CAAACCCATTAGAGCTAGCT GTAGAAATT GCAAACAAGACT GT GATAGATACT GAACCTTTAAAAT CAT GT CT GA 

CAGCCATAGACGGAGGT GAT GTAGCCT GT GACATAATAAGAGCT GCATTAGGACTAAAGAT CAGACAAAGACAAAGA 

TTTGGACGACTTGAACTAAAGAGAATAT CAGGAAGAGGATTCAAAAAT GAT GAAGAAATATTAATCGGGAACGGAAC 

AATACAGAAGATT GGAATAT GGGACGGAGAAGAGGAGTT CCAT GTAAGAT GT GGT GAAT GCAGGGGAATATTAAAAA 

AGAGCAAAAT GAGAAT GGAAAAACTACTAATAAATT CAGCTAAAAAGGAAGACAT GAAAGATTTAATAAT CTT GT GC 

25 AT GGTATTTT CT CAAGACACTAGGAT GTT CCAAGGAGT GAGAGGAGAAATAAATTTT CTTAATAGAGCAGGCCAACT 

TTTAT CT CCAAT GTACCAACT CCAAAGATATTTTTT GAATAGAAGCAACGAT CT CTTT GAT CAAT GGGGGTAT GAGG 

AAT CACCCAAAGCAAGT GAGCTACAT GGAATAAAT GAATTAAT GAAT GCAT CT GACTACACTTT GAAAGGGGTT GTA 

GTAACAAAAAAT GTAATT GAT GATTTTAGTT CTACT GAAACAGAAAAAGTAT CTATAACAAAAAAT CTTAGTTTAAT 

AAAAAGGACTGGGGAAGTCATAATGGGGGCTAATGACGTAAGTGAATTAGAATCACAAGCTCAGCTAATGATAACAT 

30 AT GATACACCTAAGAT GT GGGAGAT GGGAACAACCAAAGAACT GGT GCAAAACACCTACCAAT GGGT GCT GAAAAAT 

TTGGTAACACTGAAGGCTCAGTTTCTTCTAGGAAAAGAAGACATGTTCCAATGGGATGCATTTGAAGCATTTGAAAG 

CATAATCCCCCAGAAGATGGCTGGCCAGTACAGTGGATTTGCAAGAGCAGTGCTCAAACAAATGAGAGACCAAGAGG 

TTAT GAAAACT GACCAGTT CATAAAGTT GTT GCCCTTTT GTTT CT CACCACCAAAATTAAGGAGAAAT GGGGAGCCT 

TAT CAGTT CTT GAGGCTT GTATT GAAGGGAGGAGGAGAAAATTT CAT CGAAGTAAGGAAAGGGT CCCCT CTATT CT C 

35 TTACAATCCACAAACAGAAGTCCTAACTATATGCGGCAGAATGATGTCATTAAAAGGGAAAATTGAAGATGAAGAAA 

GGAATAGAT CAAT GGGGAAT GCAGTATTAGCGGGCTTT CT CGTTAGT GGCAAGTAT GACCCAGAT CTT GGAGATTT C 

AAAACTATTGAAGAACTTGAAAAGCTGAAACCGGGGGAGAAAGCAAACATCTTACTTTATCAAGGAAAGCCCGTTAA 

AGTAGTTAAAAGGAAAAGATATAGTGCTTTATCCAATGACATTTCACAAGGAATTAAGAGACAAAGAATGACAGTTG 

AGTCCATGGGGTGGGCCTTGAGCTAATATAAATTTATCCATTAATTCAATAAACACAATTGAGTGAAAAATGCTCGT 

40 GTTTCTACT 

SEQ ID NO: 80 (NP, B/Panama/4 5/90) 

AGCAGAAGCACAGCATTTTCTTATTAACTTCAAGTACCAACAAAAGAACTGAAAATCAAAATGTCCAACATGGATAT 

TGACGGTATCAACACTGGGACAATTGACAAAACACCGGAAGAAATAACTTCTGGAACCAGTGGGACAACCAGACCAA 

T CAT CAGACCAGCAACCCTTGCCCCACCAAGCAACAAACGAACCCGGAACCCATCCCCGGAAAGAGCAACCACAAGC 

45 AGT GAAGCT GAT GT CGGAAGGAAAACCCAAAAGAAACAGACCCCGACAGAGATAAAGAAGAGCGT CTACAATAT GGT 

AGT GAAACT GGGT GAATT CTATAACCAGAT GAT GGT CAAAGCT GGACT CAACGAT GACAT GGAGAGAAACCTAAT CC 

AAAAT GCGCAT GCT GT GGAAAGAATT CTATT GGCT GCCACT GAT GACAAGAAAACT GAATT CCAGAGGAAAAAGAAT 

GCCAGAGAT GT CAAAGAAGGAAAAGAAGAAATAGACCACAACAAAACAGGAGGCACCTTTTACAAGAT GGTAAGAGA 

TGATAAAACCATCTACTTCAGCCCTATAAGAATTACCTTTTTAAAAGAAGAGGTGAAAACAATGTACAAAACCACCA 

50 TGGGGAGTGATGGCTTCAGTGGACTAAATCACATAATGATTGGGCATTCACAGATGAATGATGTCTGTTTCCAAAGA 

TCAAAGGCCCTAAAAAGAGTTGGACTTGACCCTTCATTAATCAGTACCTTTGCAGGAAGCACACTCCCCAGAAGATC 

AGGTGCAACTGGTGTTGCAATCAAAGGAGGTGGAACTTTAGTGGCTGAAGCCATTCGATTTATAGGAAGAGCAATGG 

CAGACAGAGGGCTATT GAGAGACAT CAAAGCCAAGACT GCCTAT GAAAAGATT CTT CT GAAT CTAAAAAACAAAT GC 

TCTGCGCCCCAACAAAAGGCTCTAGTTGATCAAGTGATCGGAAGTAGAAATCCAGGGATTGCAGACATTGAAGACCT 

55 AACCCTGCTTGCTCGTAGTATGGTCGTTGTTAGGCCCTCTGTGGCGAGCAAAGTAGTGCTTCCCATAAGCATTTATG 

CTAAAATACCT CAACTAGGGTT CAAT GTT GAAGAATACT CTAT GGTT GGGTAT GAAGCCAT GGCT CT CTACAATAT G 

GCAACACCT GTTT CCATATTAAGAAT GGGAGAT GAT GCAAAAGATAAAT CGCAATTATT CTT CAT GT CTT GCTT CGG 

AGCTGCCTATGAAGACCTGAGAGTTTTGTCTGCATTAACAGGCATAGAATTCAAGCCTAGATCAGCATTAAAATGCA 
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T T GAAGTACAAC C TAAT G GAC C C T GAATACAAAG GGCGGTTACTT CAT C C T CAAAAT C CAT T T GTAG GACAT T TAT C 
TAT T GAG G G CAT C AAAGAAG C AGAT AT AAC C C CAG CAC AT G GT C C C GT AAAGAAAAT G GAT TAT GAT G CAGT AT C T G 
GAAC T CATAGT T G GAGAAC CAAAAG GAACAGAT C TATAC TAAATAC T GAC CAGAG GAACAT GAT T C T T GAG GAACAA 
TGCTACGCTAAGTGTTGCAACCTTTTTGAGGCCTGTTTTAATAGTGCATCATACAGGAAACCAGTAGGTCAGCACAG 
CAT G C T T GAG G C TAT G G C C CACAGAT TAAGAGT G GAT G CAC GAC TAGAT TAT GAAT CAG GAAGAAT GT CAAAG GAT G 
ATTTTGAGAAAGCAATGGCTCACCTTGGTGAGATTGGGTACATATAAGCTCCGAAGATGTCTATGGGGTTATTGGTC 
AT CAT T GAATACAT GT GATAAACAAAT GAT TAAAAT GAAAAAAG GCTCGTGTTTCTACT 

SEQ ID NO: 79 (PB2, B/Panama/45/90) 

AGCAGAAGC GGAGC GT T T T CAAGAT GACAT T GGCTAAAAT T GAAT T GT TAAAACAACT GT TAAGGGACAAT GAAGC C 
AAAACAGTAT T GAAACAAACAAC GGTAGAC CAATATAACATAATAAGAAAAT T CAATACAT CAAGAATT GAAAAGAA 
CCCTTCATTGAGGATGAAGTGGGCAATGTGTTCTAATTTTCCCTTGGCTCTGACCAAGGGTGATATGGCAAACAGAA 
TCCCCTTG GAATACAAG G GAATACAAC T TAAAACAAAT G C T GAAGACATAG GAAC TAAAG G C CAAAT GT G C T CAATA 
G CAG CAGT TACCTGGTG GAATACATAT G GAC CAATAG GAGATAC T GAAG GT T T C GAAAAG GT C TAC GAAAG C T T T T T 
TCTCAGAAAGATGAGACTTGACAATGCCACTTGGGGCCGAATAACTTTTGGCCCAGTTGAAAGAGTAAGAAAAAGGG 
TACTGCTAAACCCTCTCACCAAGGAAATGCCTCCAGATGAAGCAAGTAATGTGATAATGGAAATATTGTTCCCTAAG 
GAAG CAG GAATAC CAAGAGAAT C TAC T T G GATACATAG G GAAC T GATAAAAGAAAAAAGAGAAAAAT T GAAAG GAAC 
AATGATAACTCCCATTGTACTGGCATACATGCTTGAGAGAGAATTGGTTGCCAGAAGAAGGTTCCTGCCGGTGGCAG 
GAG CAACAT CAG C T GAGT T CATAGAAAT G C TACAC T G C T TACAAG GT GAAAAT T G GAGACAAATATAT CAC C CAG GA 
GGAAATAAACTAACT GAAT CTAGGT CT CAAT CGAT GAT TGTAGCTT GTAGAAAGATAATCAGAAGAT CAATAGT CGC 
AT CAAAC C CAT TAGAG C TAG C T GTAGAAAT T GCAAACAAGAC T GT GATAGATAC T GAAC CTT TAAAAT CAT GT C T GA 
CAG C CATAGAC G GAG GTGAT GTAGCCT GT GACATAATAAGAGCT GCATTAGGACTAAAGATCAGACAAAGACAAAGA 
T T T G GAC GAC T T GAAC TAAAGAGAATAT CAG GAAGAG GAT T CAAAAAT GAT GAAGAAATAT TAAT C G G GAAC G GAAC 
AAT AC AGAAGAT T G GAAT AT G G GAC G GAGAAGAG GAGT T C CAT GT AAGAT GT G GT GAAT G CAG G G GAAT AT T AAAAA 
AGAGCAAAATGAGAAT GGAAAAACTACTAATAAATT CAGCTAAAAAGGAAGACAT GAAAGATTTAATAAT CTT GT GC 
AT G GTAT T T T C T CAAGACAC TAG GAT GT T C CAAG GAGT GAGAG GAGAAATAAAT T T T C T TAATAGAG CAG G C CAAC T 
TTTATCTCCAATGTACCAACTCCAAAGATATTTTTTGAATAGAAGCAACGATCTCTTTGATCAATGGGGGTATGAGG 
AAT CAC C CAAAG CAAGT GAG C TACAT G GAATAAAT GAAT TAAT GAAT G CAT C T GAC TACAC T T T GAAAG GGGTTGTA 
GTAACAAAAAAT GTAAT T GAT GAT T T TAGT T CTACT GAAACAGAAAAAGTAT CTATAACAAAAAAT CT TAGT T TAAT 
AAAAAG GAC T G G G GAAGT CATAAT G G G G G C TAAT GAC GTAAGT GAAT TAGAAT CACAAG C T CAG C TAAT GATAACAT 
ATGATACACCTAAGATGTGGGAGATGGGAACAACCAAAGAACTGGTGCAAAACACCTACCAATGGGTGCTGAAAAAT 
TTGGTAACACTGAAGGCTCAGTTTCTTCTAGGAAAAGAAGACATGTTCCAATGGGATGCATTTGAAGCATTTGAAAG 
CATAAT C C C C CAGAAGAT G G C T G G C CAGTACAGT G GAT T T G CAAGAG CAGT GCT CAAACAAAT GAGAGAC CAAGAG G 
TTATGAAAACTGACCAGTTCATAAAGTTGTTGCCCTTTTGTTTCTCACCACCAAAATTAAGGAGAAATGGGGAGCCT 
TATCAGTTCTTGAGGCTTGTATTGAAGGGAGGAGGAGAAAATTTCATCGAAGTAAGGAAAGGGTCCCCTCTATTCTC 
T T AC AAT C CAC AAAC AGAAGT C C T AAC TAT AT G C G G CAGAAT GAT GT CAT T AAAAG G GAAAAT T GAAGAT GAAGAAA 
GGAATAGATCAATGGGGAATGCAGTATTAGCGGGCTTTCTCGTTAGTGGCAAGTATGACCCAGATCTTGGAGATTTC 
AAAACTATTGAAGAACTTGAAAAGCTGAAACCGGGGGAGAAAGCAAACATCTTACTTTATCAAGGAAAGCCCGTTAA 
AGTAGT TAAAAG GAAAAGATATAGT G C T T TAT C CAAT GACAT T T CACAAG GAAT TAAGAGACAAAGAAT GACAGT T G 
AGTCCATGGGGTGGGCCTTGAGCTAATATAAATTTATCCATTAATTCAATAAACACAATTGAGTGAAAAATGCTCGT 
GTTTCTACT 

SEQ ID NO: 80 (NP, B/Panama/45/90) 
AG CAGAAG CACAG CAT T T T C T TAT TAAC T T CAAGTAC CAACAAAAGAAC T GAAAAT CAAAAT GT C CAACAT G GATAT 
T GAC G GTAT CAACAC T G G GACAAT T GACAAAACAC C G GAAGAAATAAC T T C T G GAAC CAGT G G GACAAC CAGAC CAA 
T CAT CAGAC CAG CAAC CCTTGCCC CAC CAAG CAACAAAC GAAC C C G GAAC C CAT C C C C G GAAAGAG CAAC CACAAG C 
AGT GAAG C T GAT GT C G GAAG GAAAAC C CAAAAGAAACAGAC C C C GACAGAGATAAAGAAGAG C GT C TACAATAT GGT 
AGT GAAAC T G G GT GAAT T C TATAAC CAGAT GAT GGT CAAAG C T G GAC T CAAC GAT GACAT G GAGAGAAAC C TAAT C C 
AAAAT GC GCAT GCT GT GGAAAGAAT T CTAT T GGCT GC CACT GAT GACAAGAAAACT GAAT T C CAGAGGAAAAAGAAT 
G C C AGAGAT GT C AAAGAAG GAAAAGAAGAAAT AGAC CAC AAC AAAAC AG GAG G CAC C T T T T AC AAGAT G GT AAGAGA 
T GATAAAAC CAT C TAC T T CAG C C C TATAAGAAT TACCTTTT TAAAAGAAGAG GT GAAAACAAT GTACAAAAC CAC CA 
T G G G GAGT GAT G G C T T CAGT G GAC TAAAT CACATAAT GAT T G G G CAT T CACAGAT GAAT GAT GTCTGTTTC CAAAGA 
T CAAAG G C C C TAAAAAGAGT T G GAC T T GAC C CT T CAT TAAT CAGTAC C T T T G CAG GAAG CACAC T C C C CAGAAGAT C 
AGGTGCAACTGGTGTTGCAATCAAAGGAGGTGGAACTTTAGTGGCTGAAGCCATTCGATTTATAGGAAGAGCAATGG 
CAGACAGAG G G C TAT T GAGAGACAT CAAAG C CAAGAC T G C C TAT GAAAAGAT T C T T C T GAAT C TAAAAAACAAAT G C 
TCTGCGCCC CAACAAAAG GCTCTAGTT GAT CAAGT GAT C G GAAGTAGAAAT C CAG G GAT T G CAGACAT T GAAGAC C T 
AACCCTGCTTGCTCGTAGTATGGTCGTTGTTAGGCCCTCTGTGGCGAGCAAAGTAGTGCTTCCCATAAGCATTTATG 
CTAAAATACCTCAACTAGGGTTCAATGTTGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTCTACAATATG 
GCAACACCTGTTTCCATATTAAGAATGGGAGATGATGCAAAAGATAAATCGCAATTATTCTTCATGTCTTGCTTCGG 
AG C T G C C TAT GAAGAC C T GAGAGT T T T GT C T GCAT TAACAG G CATAGAAT T CAAG C C TAGAT CAG CAT TAAAAT G CA 
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AGGGTTT C CAT GT T CCAGCAAAGGAACAGGT GGAAGGAAT GGGGGCAGCT CT GAT GT C CAT CAAGCT CCAGTTTT GG 
GCT CCAAT GACCAGAT CT GGAGGGAACGAAGTAGGT GGAGACGGAGGGT CT GGCCAAATAAGTT GCAGCCCAGT GT T 
T GCAGTAGAAAGACCTATT GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCTTT CAAT GAATATT GAGGGAC GT GAT G 
CAGAT GT CAAAGGAAAT CTACT CAAGAT GAT GAAT GACT CAAT GGCTAAGAAAACCAAT GGAAAT GCTTT CAT T GGG 

5 AAGAAAAT GT T T CAAATAT CAGACAAAAACAAAACCAAT C C C GT T GAAATT C CAAT TAAG CAGAC CAT CCCCAATTT 
CT T CT T T GGGAGGGACACAG CAGAG GAT TAT GAT GAC CT C GAT TAT TAAAG CAACAAAATAGACAC TAT GACT GT GA 
TT GT T T CAATAC GT T T GGAAT GT GGGT GT T TACT CT TAT T GAAATAAATATAAAAAAT GCT GT T GT T T CTACT 

SEQ ID NO: 81 (M, B/Panama/4 5/90) 

AGCAGAAGCACGCACTTT CT TAAAAT GT C GCT GT T T GGAGACACAATT GC CTAC CT GCTTT CAT T GACAGAAGAT GG 
10 AGAAGGCAAAG CAGAAC TAG CAGAAAAAT TACACT GT T GGTT CGGT GGGAAAGAATTT GACCTAGACT CT GC CT T GG 

AAT GGATAAAAAACAAAAGAT GCTTAACT GATATACAGAAAG CAC TAAT T GGT GC CT CTAT CT GCT T T T TAAAAC CA 
AAAGACCAAGAAAGAAAAAGAAGATT CAT CACAGAGCCCCTAT CAGGAAT GGGAACAACAGCAACAAAAAAGAAGGG 
C CT GATT CTAGCT GAGAGAAAAAT GAGAAGAT GT GT GAGTTTT CAT GAAG CAT T T GAAATAG CAGAAGGC CAT GAAA 
GCT CAGCGCTACTATATT GT CT CAT GGT CAT GTAC CT GAAC C CT GGAAAT TAT T CAAT GCAAG TAAAAC TAG GAAC G 

15 CT CT GT GCTTT GT GC GAGAAACAAGCAT CACATT CACACAGGGCT CATAGCAGAGCAGCAAGAT CT T CAGT GC CT GG 
AGT GAGGCGAGAAAT GCAGAT GGT CT CAGCTAT GAACACAGCAAAAACAAT GAAT GGAAT GGGAAAGGGAGAAGACG 
T CCAAAAACT GGCAGAAGAGCT GCAAAGCAACATT GGAG TAT T GAGAT CT CT T GGGGCAAGT CAAAAGAAT GGGGAA 
GGAATT GCAAAG GAT GT GAT GGAAGT GCTAAAGCAGAGCT CTAT GGGAAATT CAGCT CT T GT GAAGAAATACCTATA 
AT GCT C GAAC CAT T T CAGATT CT T T CAATTT GT T CT T T CAT CT TAT CAGCT CT C CAT T T CAT GGCTT GGACAATAGG 

20 G CAT T T GAAT CAAATAAAAAGAG GAG TAAACAT GAAAATAC GAATAAAAAAT C CAAATAAAGAGACAATAAACAGAG 
AGGTAT CAATTTT GAGACACAGTTACCAAAAAGAAAT CCAGGCCAAAGAAACAAT GAAG GAAG TACT CT CT GACAAC 
AT GGAGGTATT GAGT GACCACATAGTAATT GAGGGGCTTT CT GCT GAAGAGATAATAAAAAT GGGT GAAACAGTTTT 
GGAGGTAGAAGAATT GCATTAAATT CAAT T T T TACT GTATTT CT T GCTAT GCATTTAAGCAAATT GTAAT CAAT GT C 
AG CAAATAAACT GGAAAAAGT GC GT T GT T T CTACT 

25 SEQ ID NO: 82 (NS, B/Panama/4 5/90) 

AG CAGAAG CAGAG GAT T T GT T TAGT CACT GGCAAACGAAAAAAT GGCGGACAACAT GACCACAACACAAATT GAGGT 
GGGT CCGGGAGCAACCAAT GC CAC CATAAACT T T GAAGCAGGAATTTT GGAGT GCTAT GAAAGGCTTT CAT GGCAAA 
GAGC C CT T GAC TAC C CT GGT CAAGAC C GC CTAAACAAAC TAAAGAGAAAAT T GGAAT CAAGAATAAAGACT CACAAC 
AAAAGT GAGC CAGAAAG TAAAAG GAT GT CT CT T GAAGAGAGAAAAGCTATT GGGGTAAAAAT GAT GAAAGT GCT C CT 

30 AT T TAT GAAC C CAT CT GCT GGAGTT GAAGGGTTT GAGCCATATT GTAT GAAAAAT C C CT CCAATAGCAACT GT CCAG 
ACT GCAATT GGGCT GAT TAC C CT C CAACAC CAG GAAAG TAC CT T GAT GGCATAGAAGAAGAACCGGAGAAT GT T GGT 
GACT CAACT GAAATAG TAT TAAGGGACAT GAACAACAAAGAT GCAAGGCAAAAGATAAAAGAGGAAGTAAACACT CA 
GAAAGAAGGGAAATT C C GT T T GACAATAAAAAGGGATATACGTAAT GT GT T GT C CT T GAGAGT GT T GGTAAACGGAA 
CAT T CAT CAAG CAC C CTAAT GGATACAAGT C CT TAT CAACT CT GCATAGATT GAAT GCATAT GACCAGAGT GGAAGA 

35 CT T GT T GCTAAACTT GT T GCTACT GAT GAT CT TACAGT GGAGGAT GAAGAAGAT GGC CAT CGGAT C CT CAACT CACT 
CT T C GAGC GT CT TAAT GAAGGACATT CAAAGCCAATT CGAGCAGCT GAAACT GC GGT GGGAGT CT TAT CCCAATTT G 
GT CAAGAG CAC C GAT TAT CAC CAGAAGAGAGAGACAAT TAGACT GGT TAC GGAAGAACT T TAT CT T T TAAG TAAAAG 
AATT GAT GATAACATATT GT T CCACAAAACAGTAATAGCCAACAGCT CCATAATAGCT GACAT GATT GTAT CAT TAT 
CAT TAT T GGAAACATT GTAT GAAAT GAAG GAT GT GGTT GAAGT GTACAGCAGGCAGT GCTT GT GAATTTAAAATAAA 

40 AAT C CT CT T GT TACTACT 

SEQ ID NO: 83 (PA, B/13risbane/60/08) 

MDT F I T RN FQ TT I IQ KAKNTMAE FS ED P E LQ PAML FN I CVHLEVCYVI S DMN FL D E E GKAYTAL E GQ GKEQN L RP QY 
EVI EGMP RT IAWMVQ RS LAQ EH G I ET P KYLADL FDYKT KRF I EVG I T KGLADDYFWKKKEKLGNSMELMI FS YNQDY 
S L SNES S LDEEGKGRVL S RLTELQAEL S LKNLWQVLI GEEDVEKGI DFKLGQT I SRLRDI SVPAGFSNFEGMRSYID 

45 NI DP KGAI E RN LARMS P LVSVT P KKL TWE D L RP I GPHI YDHEL P EVPYNAFLLMS DELGLANMT EGKS KKP KT LAKE 
CLEKYS T LRDQT DP I L IMKS EKANENFLWKLWRDCVNT I SNEETSNELQKTNYAKWATGDGLTYQKIMKEVAIDDET 
MCQEEPKI PNKCRVAAWVQT EMN LL S T LT S KRAL DL P EI GP D IAPVEHVG S E RRKY FVN E I NYC KAS TVMMKYVL FH 
T S LLNESNASMGKYKVI P I TNRVVNEKGES FDMLYGLAVKGQ SHLRGDT DVVTVVT FE FS STDP RVDS GKWP KYTVF 
RI GS L FVS GRE K SVYL YC RVN GTNK I QMKWGMEARRCLLQ SMQQMEAI VEQ ES S IQ GYDMT KACFKGDRVNS P KT FS 

50 I GT Q E GKLVKG S FGKALRVI FT KC LMHYVFGNAQ LEGE SAE S RRL LLL I QAL KD RKG PWVFD L E GMY S GI EEC I S NN 
PWVI Q SVYW FN EWL G FE KE GNKVL E SVD E I MDE 

SEQ ID NO: 84 (PB1, B/Brisbane/60/08) 

MNINPYFLFIDVPVQAAI STT FPYT GVP PYSHGT GT GYT I DTVI RTHEYSNKGKQYI SDVTGCTMVDPTNGPLPEDN 
EP SAYAQ L D CVL EAL D RMD E EH P GL FQAAS QNAMEALMVTTVDKLTQGRQT FDWTVCRNQ PAATALNT TITS FRLND 

55 LN GAD KGGL I P FCQ DI I DS LD RP EMT FFSVKNI KKKL PAKNRKG FL I KRI PMKVKD K I T KVEY I KRAL S LNTMT KDA 
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AGGGTTTCCATGTTCCAGCAAAGGAACAGGTGGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGG 
GCTCCAATGACCAGATCTGGAGGGAACGAAGTAGGTGGAGACGGAGGGTCTGGCCAAATAAGTTGCAGCCCAGTGTT 
T G CAGTAGAAAGAC C TAT T G C T C TAAG CAAG CAAG C T GTAAGAAGAAT G C T T T CAAT GAATAT T GAG G GAC GT GAT G 
CAGAT GT CAAAG GAAAT C TAC T CAAGATGAT GAAT GACT CAAT GGCTAAGAAAACCAAT GGAAAT GCTTT CATT GGG 
AAGAAAATGTTT CAAATAT CAGACAAAAACAAAACCAAT CCCGTT GAAATT CCAATTAAGCAGACCAT CCCCAATTT 
CTTCTTTGG GAG G GACACAG CAGAG GAT TAT GAT GAC C T C GAT TAT TAAAG CAACAAAATAGACAC TAT GAC T GT GA 
TTGTTTCAATACGTTTGGAATGTGGGTGTTTACTCTTATTGAAATAAATATAAAAAATGCTGTTGTTTCTACT 

SEQ ID NO: 81 (M, B/Panama/45/90) 

AGCAGAAGCACGCACTTTCTTAAAATGTCGCTGTTTGGAGACACAATTGCCTACCTGCTTTCATTGACAGAAGATGG 
AGAAGGCAAAGCAGAACTAGCAGAAAAATTACACTGTTGGTTCGGTGGGAAAGAATTTGACCTAGACTCTGCCTTGG 
AAT G GATAAAAAACAAAAGAT GCT TAAC T GATATACAGAAAG CAC TAAT TGGTGCCTC TAT CTGCTTTT TAAAAC CA 
AAAGAC CAAGAAAGAAAAAGAAGAT T CAT CACAGAG C C C C TAT CAG GAAT G G GAACAACAG CAACAAAAAAGAAG G G 
C C T GAT T C TAG C T GAGAGAAAAAT GAGAAGAT GT GT GAGT T T T CAT GAAG CAT T T GAAATAG CAGAAG G C CAT GAAA 
GCTCAGCGCTACTATATTGTCTCATGGTCATGTACCTGAACCCTGGAAATTATTCAATGCAAGTAAAACTAGGAACG 
CTCTGTGCTTTGTGCGAGAAACAAGCATCACATTCACACAGGGCTCATAGCAGAGCAGCAAGATCTTCAGTGCCTGG 
AGT GAGGCGAGAAAT GCAGAT GGT CT CAGCTAT GAACACAGCAAAAACAAT GAAT GGAAT GGGAAAGGGAGAAGACG 
TCCAAAAACTGGCAGAAGAGCTGCAAAGCAACATTGGAGTATTGAGATCTCTTGGGGCAAGTCAAAAGAATGGGGAA 
GGAATTGCAAAGGATGTGATGGAAGTGCTAAAGCAGAGCTCTATGGGAAATTCAGCTCTTGTGAAGAAATACCTATA 
ATGCTCGAACCATTTCAGATTCTTTCAATTTGTTCTTTCATCTTATCAGCTCTCCATTTCATGGCTTGGACAATAGG 
G CAT T T GAAT CAAATAAAAAGAG GAGTAAACAT GAAAATAC GAATAAAAAAT C CAAATAAAGAGACAATAAACAGAG 
AG GTAT CAAT T T T GAGACACAGT TAC CAAAAAGAAAT C CAG G C CAAAGAAACAAT GAAG GAAGTAC T C T C T GACAAC 
ATGGAGGTATTGAGTGACCACATAGTAATTGAGGGGCTTTCTGCTGAAGAGATAATAAAAATGGGTGAAACAGTTTT 
GGAGGTAGAAGAATTGCATTAAATTCAATTTTTACTGTATTTCTTGCTATGCATTTAAGCAAATTGTAATCAATGTC 
AGCAAATAAACTGGAAAAAGTGCGTTGTTTCTACT 

SEQ ID NO: 82 (NS, B/Panama/45/90) 

AG CAGAAG CAGAG GAT TTGTTTAGT CAC T G G CAAAC GAAAAAAT G G C G GACAACAT GAC CACAACACAAAT T GAG GT 
GGGTCCGGGAGCAACCAATGCCACCATAAACTTTGAAGCAGGAATTTTGGAGTGCTATGAAAGGCTTTCATGGCAAA 
GAG C C C T T GAC TACCCTGGT CAAGAC C G C C TAAACAAAC TAAAGAGAAAAT T G GAAT CAAGAATAAAGAC T CACAAC 
AAAAGTGAGCCAGAAAGTAAAAGGATGTCTCTTGAAGAGAGAAAAGCTATTGGGGTAAAAATGATGAAAGTGCTCCT 
ATTTATGAACCCATCTGCTGGAGTTGAAGGGTTTGAGCCATATTGTATGAAAAATCCCTCCAATAGCAACTGTCCAG 
AC T G CAAT T G G G C T GAT TAC C C T C CAACAC CAG GAAAGTAC CTT GAT G G CATAGAAGAAGAAC C G GAGAAT GT T G GT 
GACT CAACT GAAATAGTATTAAGGGACAT GAACAACAAAGAT GCAAGGCAAAAGATAAAAGAGGAAGTAAACACT CA 
GAAAGAAGGGAAATTCCGTTTGACAATAAAAAGGGATATACGTAATGTGTTGTCCTTGAGAGTGTTGGTAAACGGAA 
CAT T CAT CAAG CAC C C TAAT G GATACAAGT CCT TAT CAAC T C T G CATAGAT T GAAT G CATAT GAC CAGAGT G GAAGA 
CTTGTTGCTAAACTTGTTGCTACTGATGATCTTACAGTGGAGGATGAAGAAGATGGCCATCGGATCCTCAACTCACT 
CTTCGAGCGTCTTAATGAAGGACATTCAAAGCCAATTCGAGCAGCTGAAACTGCGGTGGGAGTCTTATCCCAATTTG 
GT C AAGAG CAC C GAT TAT CAC C AGAAGAGAGAGAC AAT T AGAC TGGTTACG GAAGAAC T T TAT C T T T T AAGT AAAAG 
AAT T GAT GATAACATAT T GT T C CACAAAACAGTAATAG C CAACAG C T C CATAATAG C T GACAT GAT T GTAT CAT TAT 
CATTATTGGAAACATTGTATGAAATGAAGGATGTGGTTGAAGTGTACAGCAGGCAGTGCTTGTGAATTTAAAATAAA 
AATCCTCTTGTTACTACT 

SEQ ID NO: 83 (PA, B/Brisbane/60/08) 

MDTFITRNFQTTIIQKAKNTMAEFSEDPELQPAMLFNICVHLEVCYVISDMNFLDEEGKAYTALEGQGKEQNLRPQY 
EVIEGMPRTIAWMVQRSLAQEHGIETPKYLADLFDYKTKRFIEVGITKGLADDYFWKKKEKLGNSMELMIFSYNQDY 
SLSNESSLDEEGKGRVLSRLTELQAELSLKNLWQVLIGEEDVEKGIDFKLGQTISRLRDISVPAGFSNFEGMRSYID 
NIDPKGAIERNLARMSPLVSVTPKKLTWEDLRPIGPHIYDHELPEVPYNAFLLMSDELGLANMTEGKSKKPKTLAKE 
CLEKYSTLRDQTDPILIMKSEKANENFLWKLWRDCVNTISNEETSNELQKTNYAKWATGDGLTYQKIMKEVAIDDET 
MCQEEPKIPNKCRVAAWVQTEMNLLSTLTSKRALDLPEIGPDIAPVEHVGSERRKYFWEINYCKASTVMMKYVLFH 
TSLLNESNASMGKYKVIPITNRVWEKGESFDMLYGLAVKGQSHLRGDTDWTWTFEFSSTDPRVDSGKWPKYTVF 
RIGSLFVSGREKSVYLYCRWGTNKIQMKWGMEARRCLLQSMQQMEAIVEQESSIQGYDMTKACFKGDRVNSPKTFS 
IGTQEGKLVKGS FGKALRVIFTKCLMHYVFGNAQLEGFSAESRRLLLLIQALKDRKGPWVFDLEGMYSGIEECISNN 
PWVIQSVYWFNEWLGFEKEGNKVLESVDEIMDE 

SEQ ID NO: 84 (PBl, B/Brisbane/60/08) 

MNINPYFLFIDVPVQAAISTTFPYTGVPPYSHGTGTGYTIDTVIRTHEYSNKGKQYISDVTGCTMVDPTNGPLPEDN 
EPSAYAQLDCVLEALDRMDEEHPGLFQAASQNAMEALMVTTVDKLTQGRQTFDWTVCRNQPAATALNTTITSFRLND 
LNGADKGGLIPFCQDIIDSLDRPEMTFFSVKNIKKKLPAKNRKGFLIKRIPMKVKDKITKVEYIKRALSLNTMTKDA 

70 



WO 2014/195920 
	

PCT/IB2014/062030 

ERGKLKRRAIATAGIQIRGFVLVVENLAKNI CENLEQSGLPVGGNEKKAKLSNAVAKMLSNCPPGGI SMTVTGDNTK 

WNECLNP RI FLAMTERITRDS PVWFRDFCS IAPVLFSNKIARLGKGEMITSKTKRLKAQI P CP DL FS I PLERYNEET 

RAKLKKLKPFFNEEGTASLS PGMMMGMFNMLSTVLGVAALGIKNI GNKEYLWDGLQS SDDFALFVNAKDEETCMEGI 

NDFYRICKLLGVNMSKKKSYCNETGMFEFTSMFYRDGFVSNFAMELPS FGVAGVNESADMAI GMT I I KNNMINNGMG 

5 PATAQTAIQLFIADYRYTYKCHRGDSKVEGKRMKI I KELWENTKGRDGLLVADGGPNI YNLRNLHI PEIVLKYNLMD 

PEYKGRLLHPQNPFVGHLS I EGI KEADI T PAHGPVKKMDYDAVS GTHSWRTKRNRS I LNT DQRNMI LEEQCYAKCCN 

L FEACFNSAS YRKPVGQHSMLEAMAHRLRMDARLDYES GRMS KDDFEKAMAHLGEI GYI 

SEQ ID NO: 85 (PB2, B/Brisbane/60/08) 

MT LAKI ELLKQLLRDNEAKTVLKQTTVDQYNI I RKFNT S RI EKNP S LRMKWAMCSNFP LALTKGDMANRI PLEYKGI 

10 QLKTNAEDI GTKGQMCS IAAVTWWNTYGP I GDTEGFERVYES FFLRKMRLDNATWGRITEGPVERVRKRVLLNPLIK 

EMPPDEASNVIMEILFPKEAGI P RES TWI HREL I KEKREKLKGTMI T P IVLAYMLERELVARRRFL PVAGAT SAEFI 

EMLHCLQGENWRQI YHP GGNKLT ES RSQ SMIVACRKI I RRS IVASNP LELAVEIANKTVI DT EP LKS CLAAI DGGDV 

ACDI I RAALGLKI RQRQRFGRLELKRI S GRGFKNDEEI L I GNGT I QKI GIWDGEEEFHVRCGECRGILKKSKMKLEK 

LL INSAKKEDMRDL I I LCMVFSQDT RMFQGVRGEINFLNRAGQLL S PMYQLQRYFLNRSNDL FDQWGYEES PKAS EL 

15 HGINESMNAS DYT LKGIVVTRNVI DDFS S I ETEKVS I TKNL S L I KRT GEVIMGANDVS ELESQAQLMI TYDT PKMWE 

MGTTKELVQNTYQWVLKNLVTLKAQFLLGKEDMFQWDAFEAFES I I PQKMAGQYSGFARAVLKQMRDQEVMKTDQFI 

KLLPFCFS PPKLRSNGEPYQFLKLVLKGGGENFIEVRKGS P L FS YNPQT EVLT I CGRMMSLKGKIEDEERNRSMGNA 

VLAGFLVS GKYDP DLGDFKT I EELEKLKP GEKANI LLYQGKPVKVVKRKRYSAL SNDI SQGIKRQRMTVESMGWALS 

SEQ ID NO: 86 (NP, B/Brisbane/60/08) 
20 MSNMDI DGINT GT I DKT P EEI T S GT S GTT RP I I RPAT LAP P SNKRT RNP S PERATTS S EDDVGRKTQKKQT PT EI KK 

SVYNMVVKLGE FYNQMMVKAGLNDDMERNL I QNAHAVERI LLAAT DDKKT E FQKKKNARDVKEGKEE I DHNKT GGT F 

YKMVRDDKT I YES P I RI T FLKEEVKTMYKTTMGS DGFS GLNHIMI GHSQMNDVCFQRS KALKRVGLDP S L I ST FAGS 

TVP RRS GAT GVAI KGGGT LVAEAI RFI GRAMADRGLLRDIKAKTAYEKILLNLKNKCSAPQQKALVDQVI GS RNP GI 

ADI EDLT LLARSMVVVRP SVAS KVVL PI SI YAKI PQLGFNVEEYSMVGYEAMALYNMAT PVS I LRMGDDAKDKSQL F 

25 FMS CFGAAYEDLRVL SALT GT EFKP RSALKCKGFHVPAKEQVEGMGAALMS I KLQFWAPMT RS GGNEVGGDGGS GQI 

S CS PVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMAKKTSGNAFI GKKMFQI S DKNKTNP I EI PIK 

QT I PNFFFGRDTAEDYDDLDY 

SEQ ID NO: 87 (Mb  B/Brisbane/60/08) 

MS L FGDT IAYLL S LT EDGEGKAELAEKLHCWEGGKEFDLDSALEWI KNKRCLT DI QKAL I GAS I CFLKPKDQERKRR 

30 FIT EP L S GMGTTATKKKGL I LAERKMRRCVS FHEAFEIAEGHES SALLYCLMVMYLNPGNYSMQVKLGTLCALCEKQ 

AS H S HRAH S RAARS SVP GVRREMQMVSAMNTAKTMNGMGKGEDVQKLAEELQ SN I GVLRSLGASQKNGEGIAKDVME 

VLKQS SMGNSALVKKYL 

SEQ ID NO: 88 (M2, B/Brisbane/60/08) 
MLEP FQI LT I CS FI L SALHFMAWT I GHLNQI KRGINMKI RI KGPNKET INREVS I LRHS YQKEI QAKETMKEVL S DN 

35 MEVLNDHI I I EGL SAEEI I KMGETVLEI EELH 

SEQ ID NO: 89 (N51, B/Brisbane/60/08) 
MANNNMITTQI EVGP GATNAT INFEAGI LECYERL SWQRALDYP GQDRLNRLKRKLES RI KTHNKS EP ES KRMS LEE 

RKAI GVKMMKVLLFMNPSAGIEGFEPYCMKS SSNSNCTKYNWTDYPSTPERCLDDIEEEPEDVDGPTEIVLRDMNNK 

DARQKI KEEVNTQKEGKERLT I KRDMRNVL S LRVLVNGT FLKHPNGHKS L S T LHRLNAYDQ S GRLVAKLVAT DDLTV 

40 EDEEDGHRI LNS L FERLNEGHS KP I RAAETAVGVL SQFGQEHRL S PEEGDN 

SEQ ID NO: 90 (NS2, B/Brisbane/60/08) 
MANNNMITTQIEWRMKKMAI GS STHS S SVLMKDI Q SQFEQLKLRWES YPNLVKS T DYHQKRET I RLVT EELYLL S KR 

I DDNI L FHKTVIANS S I IADMVVSLSLLETLYEMKDVVEVYSRQCL 

SEQ ID NO: 91 (PA, B/Panama/45/90) 

45 MDT FI T RNFQTT I I QKAKNTMAEFS EDP ELQPAML FNI CVHLEVCYVI SDMNFLDEEGKSYTALEGQGKEQNLRPQY 

EVI EGMP RT IAWMVQRS LAQEHGI ET PKYLADL FDYKTKRFI EVGI TKGLADDYFWKKKEKLGNSMELMI FS YNQDY 

SLSNES S LDEEGKGRVL S RLT ELQAEL S LKNLWQVL I GEEDVEKGI DFKLGQT I SRLRDI SVPAGFSNFEGMRSYID 

NI DPKGAI ERNLARMS P LVSAT PKKLKWEDLRP I GPHI YNHEL P EVPYNAFLLMS DELGLANMT EGKS KKPKT LAKE 

CLEKYS T LRDQT DP I L IMKS EKANENFLWKLWRDCVNT I SNEEMSNELQKTNYAKWATGDGLTYQKIMKEVAIDDET 

50 MCQEEPKI PNKCRVAAWVQT EMNLL S T LT S KRALDL P EI GP DVAPVEHVGS ERRKYFVNEINCCKAS TVMMKYVL FH 

TSLLNESNASMGKYKVI P I TNRVVNEKGES FDMLYGLAVKGQ SHLRGDT DVVTVVT FEES GT DP RVDS GKWPKYTVF 
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ERGKLKRRAIATAGIQIRGFVLWENLAKNICENLEQSGLPVGGNEKKAKLSNAVAKMLSNCPPGGISMTVTGDNTK 
WNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNKIARLGKGFMITSKTKRLKAQIPCPDLFSIPLERYNEET 
RAKLKKLKPFFNEEGTASLSPGMMMGMFNMLSTVLGVAALGIKNIGNKEYLWDGLQSSDDFALFWAKDEETCMEGI 
NDFYRTCKLLGWMSKKKSYCNETGMFEFTSMFYRDGFVSNFAMELPSFGVAGWESADMAIGMTIIKNNMINNGMG 

5 PATAQTAIQLFIADYRYTYKCHRGDSKVEGKRMKIIKELWENTKGRDGLLVADGGPNIYNLRNLHIPEIVLKYNLMD 
PEYKGRLLHPQNPFVGHLSIEGIKEADITPAHGPVKKMDYDAVSGTHSWRTKRNRSILNTDQRNMILEEQCYAKCCN 
LFEACFNSASYRKPVGQHSMLEAMAHRLRMDARLDYESGRMSKDDFEKAMAHLGEIGYI 

SEQ ID NO: 85 (PB2, B/Brisbane/60/08) 

MTLAKIELLKQLLRDNEAKTVLKQTTVDQYNIIRKFNTSRIEKNPSLRMKWAMCSNFPLALTKGDMANRIPLEYKGI 
10 QLKTNAEDIGTKGQMCSIAAVTWWNTYGPIGDTEGFERVYESFFLRKMRLDNATWGRITFGPVERVRKRVLLNPLTK 

EMPPDEASNVIMEILFPKEAGIPRESTWIHRELIKEKREKLKGTMITPIVLAYMLERELVARRRFLPVAGATSAEFI 
EMLHCLQGENWRQIYHPGGNKLTESRSQSMIVACRKIIRRSIVASNPLELAVEIANKTVTDTEPLKSCLAAIDGGDV 
ACDIIRAALGLKIRQRQRFGRLELKRISGRGFKNDEEILIGNGTIQKIGIWDGEEEFHVRCGECRGILKKSKMKLEK 
LLINSAKKEDMRDLIILCMVFSQDTRMFQGVRGEINFLNRAGQLLSPMYQLQRYFLNRSNDLFDQWGYEESPKASEL 

15 HGINESMNASDYTLKGIWTRNVIDDFSSIETEKVSITKNLSLIKRTGEVIMGANDVSELESQAQLMITYDTPKMWE 
MGTTKELVQNTYQWVLKNLVTLKAQFLLGKEDMFQWDAFEAFESIIPQKMAGQYSGFARAVLKQMRDQEVMKTDQFI 
KLLPFCFSPPKLRSNGEPYQFLKLVLKGGGENFIEVRKGSPLFSYNPQTEVLTICGRMMSLKGKIEDEERNRSMGNA 
VLAGFLVSGKYDPDLGDFKTIEELEKLKPGEKANILLYQGKPVKWKRKRYSALSNDISQGIKRQRMTVESMGWALS 

SEQ ID NO: 86 (NP, B/Brisbane/60/08) 
20 MSNMDIDGINTGTIDKTPEEITSGTSGTTRPIIRPATLAPPSNKRTRNPSPERATTSSEDDVGRKTQKKQTPTEIKK 

SVYNMWKLGEFYNQMMVKAGLNDDMERNLIQNAHAVERILLAATDDKKTEFQKKKNARDVKEGKEEIDHNKTGGTF 
YKMVRDDKTIYFSPIRITFLKEEVKTMYKTTMGSDGFSGLNHIMIGHSQMNDVCFQRSKALKRVGLDPSLISTFAGS 
TVPRRSGATGVAIKGGGTLVAEAIRFIGRAMADRGLLRDIKAKTAYEKILLNLKNKCSAPQQKALVDQVIGSRNPGI 
ADIEDLTLLARSMVWRPSVASKWLPISIYAKIPQLGFNVEEYSMVGYEAMALYNMATPVSILRMGDDAKDKSQLF 

25 FMSCFGAAYEDLRVLSALTGTEFKPRSALKCKGFHVPAKEQVEGMGAALMSIKLQFWAPMTRSGGNEVGGDGGSGQI 
SCSPVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMAKKTSGNAFIGKKMFQISDKNKTNPIEIPIK 
QTIPNFFFGRDTAEDYDDLDY 

SEQ ID NO: 87 (M„ B/Brisbane/60/08) 

MSLFGDTIAYLLSLTEDGEGKAELAEKLHCWFGGKEFDLDSALEWIKNKRCLTDIQKALIGASICFLKPKDQERKRR 
30 FITEPLSGMGTTATKKKGLILAERKMRRCVSFHEAFEIAEGHESSALLYCLMVMYLNPGNYSMQVKLGTLCALCEKQ 

ASHSHRAHSRAARSSVPGVRREMQMVSAMNTAKTMNGMGKGEDVQKLAEELQSNIGVLRSLGASQKNGEGIAKDVME 
VLKQS SMGNSALVKKYL 

SEQ ID NO: 88 (M2, B/Brisbane/60/08) 
MLEPFQILTICSFILSALHFMAWTIGHLNQIKRGINMKIRIKGPNKETINREVSILRHSYQKEIQAKETMKEVLSDN 

35 MEVLNDHIIIEGLSAEEIIKMGETVLEIEELH 

SEQ ID NO: 89 (NSh B/Brisbane/60/08) 
MANNNMTTTQIEVGPGATNATINFEAGILECYERLSWQRALDYPGQDRLNRLKRKLESRIKTHNKSEPESKRMSLEE 
RKAIGVKMMKVLLFMNPSAGIEGFEPYCMKSSSNSNCTKYNWTDYPSTPERCLDDIEEEPEDVDGPTEIVLRDMNNK 
DARQKIKEEWTQKEGKFRLTIKRDMRNVLSLRVLWGTFLKHPNGHKSLSTLHRLNAYDQSGRLVAKLVATDDLTV 

40 EDEEDGHRILNSLFERLNEGHSKPIRAAETAVGVLSQFGQEHRLSPEEGDN 

SEQ ID NO: 90 (NS2, B/Brisbane/60/08) 
MANNNMTTTQIEWRMKKMAIGSSTHSSSVLMKDIQSQFEQLKLRWESYPNLVKSTDYHQKRETIRLVTEELYLLSKR 
IDDNILFHKTVI AN SSI IADMWS LS LLETLYEMKDWEVY S RQCL 

SEQ ID NO: 91 (PA, B/Panama/45/90) 

45 MDTFITRNFQTTIIQKAKNTMAEFSEDPELQPAMLFNICVHLEVCYVISDMNFLDEEGKSYTALEGQGKEQNLRPQY 
EVIEGMPRTIAWMVQRSLAQEHGIETPKYLADLFDYKTKRFIEVGITKGLADDYFWKKKEKLGNSMELMIFSYNQDY 
SLSNESSLDEEGKGRVLSRLTELQAELSLKNLWQVLIGEEDVEKGIDFKLGQTISRLRDISVPAGFSNFEGMRSYID 
NIDPKGAIERNLARMSPLVSATPKKLKWEDLRPIGPHIYNHELPEVPYNAFLLMSDELGLANMTEGKSKKPKTLAKE 
CLEKYSTLRDQTDPILIMKSEKANENFLWKLWRDCVNTISNEEMSNELQKTNYAKWATGDGLTYQKIMKEVAIDDET 

50 MCQEEPKIPNKCRVAAWVQTEMNLLSTLTSKRALDLPEIGPDVAPVEHVGSERRKYFWEINCCKASTVMMKYVLFH 
TSLLNESNASMGKYKVIPITNRVWEKGESFDMLYGLAVKGQSHLRGDTDWTWTFEFSGTDPRVDSGKWPKYTVF 
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RI GS L FVS GREKSVYLYCRVNGTNKI QMKWGMEARRCLLQ SMQQMEAIVEQES S I QGYDMTKACFKGDRVNS PKT FS 

I GTQEGKLVKGS FGKALRVI FTKCLMHYVEGNAQLEGFSAES RRLLLL I QALKDRKGPWVFDLEGMYS GI EECI SNN 

PWVIQSAYWFNEWLGFEKEGSKVLESVDEIMNE 

SEQ ID NO: 92 (PB1, B/Panama/45/90) 
5 MNINPYFL FI DVP I QAAI S TT FPYT GVP PYSHGT GTGHT I DTVI RTHEYSNKGKQYVS DI T GCTMVDPTNGP L P EDN 

E P SAYAQLDCVLEALDRMDEEH P GL FQAAS QNAMEALMVITVDKLIQGRQT FDWTVCRNQ PAATALNTT I T S FRLND 

LNGADKGGLVPFCQDI I DS LDKP EMT FFSVKNI KKKL PAKNRKGFL I KRI PMKVKDRI T RVEYI KRAL S LNTMTKDA 

ERGKLKRRAIATAGIQIRGFVLVVENLAKNI CENLEQSGLPVGGNEKKAKLSNAVAKMLSNCPPGGI SMTVTGDNTK 

WNECLNP RI FLAMTERITRDS PIWERDFCS IAPVLFSNKIARLGKGEMITSKTKRLKAQI P CP DL FS I PLERYNEET 

10 RAKLKKLKPFFNEEGTASLS PGMMMGMFNMLSTVLGVAALGIKNI GNKEYLWDGLQS SDDFALFVNAKDEETCMEGI 

NDFYRICKLLGINMSKKKSYCNETGMFEFTSMFYRDGFVSNFAMEI PS FGVAGVNESADMAI GMT I I KNNMINNGMG 

PATAQTAIQLFIADYRYTYKCHRGDSKVEGKRMKI I KELWENTKGRDGLLVADGGPNI YNLRNLHI PEIVLKYNLMD 

PEYKGRLLHPQNPFVGHLS I EGI KEADI T PAHGPVKKMDYDAVS GTHSWRTKRNRS I LNT DQRNMI LEEQCYAKCCN 
L FEACFNSAS YRKPVGQHSMLEAMAHRLRVDARLDYES GRMS KDDFEKAMAHLGEI GYI 

15 SEQ ID NO: 93 (PB2, B/Panama/45/90) 

MT LAKI ELLKQLLRDNEAKTVLKQTTVDQYNI I RKFNT S RI EKNP S LRMKWAMCSNFP LALTKGDMANRI PLEYKGI 

QLKTNAEDI GTKGQMCS IAAVTWWNTYGP I GDTEGFEKVYES FFLRKMRLDNATWGRITEGPVERVRKRVLLNPLIK 

EMPPDEASNVIMEILFPKEAGI P RES TWI HREL I KEKREKLKGTMI T P IVLAYMLERELVARRRFL PVAGAT SAEFI 

EMLHCLQGENWRQI YHP GGNKLT ES RSQ SMIVACRKI I RRS IVASNP LELAVEIANKTVI DT EP LKS CLTAI DGGDV 

20 ACDI I RAALGLKI RQRQRFGRLELKRI S GRGFKNDEEI L I GNGT I QKI GIWDGEEEFHVRCGECRGILKKSKMRMEK 

LL INSAKKEDMKDL I I LCMVFSQDT RMFQGVRGEINFLNRAGQLL S PMYQLQRYFLNRSNDL FDQWGYEES PKAS EL 

HGINELMNASDYTLKGVVVTKNVIDDFS STETEKVS I TKNL S L I KRT GEVIMGANDVS ELESQAQLMI TYDT PKMWE 

MGTTKELVQNTYQWVLKNLVTLKAQFLLGKEDMFQWDAFEAFES I I PQKMAGQYSGFARAVLKQMRDQEVMKTDQFI 

KLLPFCFS PPKLRRNGEPYQFLRLVLKGGGENFIEVRKGS P L FS YNPQT EVLT I CGRMMSLKGKIEDEERNRSMGNA 

25 VLAGFLVS GKYDP DLGDFKT I EELEKLKP GEKANI LLYQGKPVKVVKRKRYSAL SNDI SQGIKRQRMTVESMGWALS 

SEQ ID NO: 94 (NP, B/Panama/45/90) 

MSNMDI DGINT GT I DKT P EEI T S GT S GTT RP I I RPAT LAP P SNKRT RNP S PERATTS S EADVGRKTQKKQT PT EI KK 

SVYNMVVKLGE FYNQMMVKAGLNDDMERNL I QNAHAVERI LLAAT DDKKT E FQRKKNARDVKEGKEE I DHNKT GGT F 

YKMVRDDKT I YES P I RI T FLKEEVKTMYKTTMGS DGFS GLNHIMI GHSQMNDVCFQRS KALKRVGLDP S LI ST FAGS 

30 T L P RRS GAT GVAI KGGGT LVAEAI RFI GRAMADRGLLRDIKAKTAYEKILLNLKNKCSAPQQKALVDQVI GS RNP GI 

ADI EDLT LLARSMVVVRP SVAS KVVL PI SI YAKI PQLGFNVEEYSMVGYEAMALYNMAT PVS I LRMGDDAKDKSQL F 

FMS CFGAAYEDLRVL SALT GI EFKP RSALKCKGFHVPAKEQVEGMGAALMS I KLQFWAPMT RS GGNEVGGDGGS GQI 

S CS PVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMAKKINGNAFI GKKMFQI SDKNKTNPVEI PIK 

QT I PNFFFGRDTAEDYDDLDY 

35 SEQ ID NO: 95 (Mb  B/Panama/45/90) 

MS L FGDT IAYLL S LT EDGEGKAELAEKLHCWEGGKEFDLDSALEWI KNKRCLT DI QKAL I GAS I CFLKPKDQERKRR 

FIT EP L S GMGTTATKKKGL I LAERKMRRCVS FHEAFEIAEGHES SALLYCLMVMYLNPGNYSMQVKLGTLCALCEKQ 

AS H S HRAH S RAARS SVP GVRREMQMVSAMNTAKTMNGMGKGEDVQKLAEELQ SN I GVLRSLGASQKNGEGIAKDVME 
VLKQS SMGNSALVKKYL 

40 SEQ ID NO: 96 (M2, B/Panama/45/90) 
MLEPFQILS I CS FI L SALHFMAWT I GHLNQI KRGVNMKI RI KNPNKET INREVS I LRHS YQKEI QAKETMKEVL S DN 

MEVLSDHIVIEGLSAEEI I KMGETVLEVEELH 

SEQ ID NO: 97 (N51, B/Panama/45/90) 
MADNMITTQI EVGP GATNAT INFEAGI LECYERL SWQRALDYP GQDRLNKLKRKLES RI KTHNKS EP ES KRMS LEER 

45 KAI GVKMMKVLL FMNP SAGVEGFEPYCMKNP SNSNCP DCNWADYP PT P GKYLDGI EEEP ENVGDS T EIVLRDMNNKD 

ARQKI KEEVNTQKEGKERLT I KRDI RNVL S LRVLVNGT FI KHPNGYKS L S T LHRLNAYDQ S GRLVAKLVAT DDLTVE 

DEEDGHRI LNS L FERLNEGHS KP I RAAETAVGVL SQFGQEHRL S PEERDN 

SEQ ID NO: 98 (N52, B/Panama/45/90) 
MADNMITTQIEWRMKKMAI GS STHS S SVLMKDI Q SQFEQLKLRWES YPNLVKS T DYHQKRET I RLVT EELYLL S KRI 

50 DDNILFHKTVIANS S I IADMIVSLSLLETLYEMKDVVEVYSRQCL 
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RIGSLFVSGREKSVYLYCRWGTNKIQMKWGMEARRCLLQSMQQMEAIVEQESSIQGYDMTKACFKGDRVNSPKTFS 
IGTQEGKLVKGS FGKALRVIFTKCLMHYVFGNAQLEGFSAESRRLLLLIQALKDRKGPWVFDLEGMYSGIEECISNN 
PWVIQSAYWFNEWLGFEKEGSKVLESVDEIMNE 

SEQ ID NO: 92 (PBl, B/Panama/45/90) 
5 MNINPYFLFIDVPIQAAISTTFPYTGVPPYSHGTGTGHTIDTVIRTHEYSNKGKQYVSDITGCTMVDPTNGPLPEDN 

EPSAYAQLDCVLEALDRMDEEHPGLFQAASQNAMEALMVTTVDKLTQGRQTFDWTVCRNQPAATALNTTITSFRLND 
LNGADKGGLVPFCQDIIDSLDKPEMTFFSVKNIKKKLPAKNRKGFLIKRIPMKVKDRITRVEYIKRALSLNTMTKDA 
ERGKLKRRAIATAGIQIRGFVLWENLAKNICENLEQSGLPVGGNEKKAKLSNAVAKMLSNCPPGGISMTVTGDNTK 
WNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNKIARLGKGFMITSKTKRLKAQIPCPDLFSIPLERYNEET 

10 RAKLKKLKPFFNEEGTASLSPGMMMGMFNMLSTVLGVAALGIKNIGNKEYLWDGLQSSDDFALFWAKDEETCMEGI 
NDFYRTCKLLGINMSKKKSYCNETGMFEFTSMFYRDGFVSNFAMEIPSFGVAGWESADMAIGMTIIKNNMINNGMG 
PATAQTAIQLFIADYRYTYKCHRGDSKVEGKRMKIIKELWENTKGRDGLLVADGGPNIYNLRNLHIPEIVLKYNLMD 
PEYKGRLLHPQNPFVGHLSIEGIKEADITPAHGPVKKMDYDAVSGTHSWRTKRNRSILNTDQRNMILEEQCYAKCCN 
LFEACFNSASYRKPVGQHSMLEAMAHRLRVDARLDYESGRMSKDDFEKAMAHLGEIGYI 

15 SEQ ID NO: 93 (PB2, B/Panama/45/90) 

MTLAKIELLKQLLRDNEAKTVLKQTTVDQYNIIRKFNTSRIEKNPSLRMKWAMCSNFPLALTKGDMANRIPLEYKGI 
QLKTNAEDIGTKGQMCSIAAVTWWNTYGPIGDTEGFEKVYESFFLRKMRLDNATWGRITFGPVERVRKRVLLNPLTK 
EMPPDEASNVIMEILFPKEAGIPRESTWIHRELIKEKREKLKGTMITPIVLAYMLERELVARRRFLPVAGATSAEFI 
EMLHCLQGENWRQIYHPGGNKLTESRSQSMIVACRKIIRRSIVASNPLELAVEIANKTVTDTEPLKSCLTAIDGGDV 

20 ACDIIRAALGLKIRQRQRFGRLELKRISGRGFKNDEEILIGNGTIQKIGIWDGEEEFHVRCGECRGILKKSKMRMEK 
LLINSAKKEDMKDLIILCMVFSQDTRMFQGVRGEINFLNRAGQLLSPMYQLQRYFLNRSNDLFDQWGYEESPKASEL 
HGINELMNASDYTLKGVWTKNVIDDFSSTETEKVSITKNLSLIKRTGEVIMGANDVSELESQAQLMITYDTPKMWE 
MGTTKELVQNTYQWVLKNLVTLKAQFLLGKEDMFQWDAFEAFESIIPQKMAGQYSGFARAVLKQMRDQEVMKTDQFI 
KLLPFCFSPPKLRRNGEPYQFLRLVLKGGGENFIEVRKGSPLFSYNPQTEVLTICGRMMSLKGKIEDEERNRSMGNA 

25 VLAGFLVSGKYDPDLGDFKTIEELEKLKPGEKANILLYQGKPVKWKRKRYSALSNDISQGIKRQRMTVESMGWALS 

SEQ ID NO: 94 (NP, B/Panama/45/90) 

MSNMDIDGINTGTIDKTPEEITSGTSGTTRPIIRPATLAPPSNKRTRNPSPERATTSSEADVGRKTQKKQTPTEIKK 
SVYNMWKLGEFYNQMMVKAGLNDDMERNLIQNAHAVERILLAATDDKKTEFQRKKNARDVKEGKEEIDHNKTGGTF 
YKMVRDDKTIYFSPIRITFLKEEVKTMYKTTMGSDGFSGLNHIMIGHSQMNDVCFQRSKALKRVGLDPSLISTFAGS 

30 TLPRRSGATGVAIKGGGTLVAEAIRFIGRAMADRGLLRDIKAKTAYEKILLNLKNKCSAPQQKALVDQVIGSRNPGI 
ADIEDLTLLARSMVWRPSVASKWLPISIYAKIPQLGFNVEEYSMVGYEAMALYNMATPVSILRMGDDAKDKSQLF 
FMSCFGAAYEDLRVLSALTGIEFKPRSALKCKGFHVPAKEQVEGMGAALMSIKLQFWAPMTRSGGNEVGGDGGSGQI 
SCSPVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMAKKTNGNAFIGKKMFQISDKNKTNPVEIPIK 
QTIPNFFFGRDTAEDYDDLDY 

3 5 SEQ ID NO: 95 (M„ B/Panama/45/90) 

MSLFGDTIAYLLSLTEDGEGKAELAEKLHCWFGGKEFDLDSALEWIKNKRCLTDIQKALIGASICFLKPKDQERKRR 
FITEPLSGMGTTATKKKGLILAERKMRRCVSFHEAFEIAEGHESSALLYCLMVMYLNPGNYSMQVKLGTLCALCEKQ 
ASHSHRAHSRAARSSVPGVRREMQMVSAMNTAKTMNGMGKGEDVQKLAEELQSNIGVLRSLGASQKNGEGIAKDVME 
VLKQS SMGNSALVKKYL 

40 SEQ ID NO: 96 (M2, B/Panama/45/90) 
MLEPFQILSICSFILSALHFMAWTIGHLNQIKRGVNMKIRIKNPNKETINREVSILRHSYQKEIQAKETMKEVLSDN 
MEVLSDHIVIEGLSAEEIIKMGETVLEVEELH 

SEQ ID NO: 97 (NSh B/Panama/45/90) 
MADNMTTTQIEVGPGATNATINFEAGILECYERLSWQRALDYPGQDRLNKLKRKLESRIKTHNKSEPESKRMSLEER 

45 KAIGVKMMKVLLFMNPSAGVEGFEPYCMKNPSNSNCPDCNWADYPPTPGKYLDGIEEEPENVGDSTEIVLRDMNNKD 
ARQKIKEEWTQKEGKFRLTIKRDIRNVLSLRVLWGTFIKHPNGYKSLSTLHRLNAYDQSGRLVAKLVATDDLTVE 
DEEDGHRILNSLFERLNEGHSKPIRAAETAVGVLSQFGQEHRLSPEERDN 

SEQ ID NO: 98 (NS2, B/Panama/45/90) 
MADNMTTTQIEWRMKKMAIGSSTHSSSVLMKDIQSQFEQLKLRWESYPNLVKSTDYHQKRETIRLVTEELYLLSKRI 

50 DDNILFHKTVIANSSIIADMIVSLSLLETLYEMKDWEVYSRQCL 
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SEQ ID NO: 99 (NA, A/California/04/09) 
MNPNQKI IT I GSVCMT I GMANL I LQ I GNI I S IWI SHS I QLGNQNQ I ET CNQ SVI TYENNTWVNQTYVNI SNTNFAAG 
QSVVSVKLAGNS SLCPVSGWAI YSKDNSVRI GSKGDVFVI REP FI SCS PLECRT FFLTQGALLNDKHSNGT IKDRS P 
YRTLMSCP I GEVP S PYNSRFESVAWSASACHDGINWLT I GI S GP DNGAVAVLKYNGI I T DT I KSWRNNI LRTQE S EC 

5 ACVNGS C FTVMT DGP SNGQASYKI FRI EKGKIVKSVEMNAPNYHYEECSCYPDS SEITCVCRDNWHGSNRPWVS FNQ 
NLEYQ I GYI C S GI FGDNP RPNDKT GS CGPVS SNGANGVKGFS FKYGNGVWI GRT KS I S S RNGFEMIWDPNGWT GT DN 
NES IKQDIVGINEWSGYSGS FVQHPELTGLDCIRPCFWVELIRGRPKENTIWT SGS S I S FCGVNSDTVGWSWPDGAE 
LPFTIDK 

SEQ ID NO: 100 (NP, B/Lee/40) 
10 AGCAT T T T CT T GT GAGCT T CGAGCAC TAATAAAACT GAAAAT CAAAAT GT CCAACAT GGATAT T GACAGTATAAATA 

CCGGAACAAT CGATAAAAAAC CAGAAGAACT GACT CCCGGAAC CAGT GGGGCAAC CAGAC CAAT CAT CAAGCCAGCA 
ACCCTTGCTCCGCCAAGCAACAAACGAACCCGAAATCCATCCCCAGAAAGGACAACCACAAGCAGTGAAACCGATAT 
CGGAAGGAAAATCCAAAAGAAACAAACCCCAACAGAGATAAAGAAGAGCGTCTACAACATGGTGGTAAAGCTGGGTG 
AAT T CTACAACCAGAT GAT GGT CAAAGCT GGACT TAAT GAT GACAT GGAAAGGAAT CTAAT CCAAAAT GCACAAGCT 

15 GT GGAGAGAAT CCTAT T GGCT GCAACT GAT GACAAGAAAACT GAATAC CAAAAGAAAAGGAAT GCCAGAGAT GT CAA 
AGAAGGGAAGGAAGAAATAGAC CACAACAAGACAGGAGGCACCT T T TATAAGAT GGTAAGAGAT GATAAAAC CAT CT 
ACT T CAGCCCTATAAAAAT TACCT T T T TAAAAGAAGAGGT GAAAACAAT GTACAAGAC CAC CAT GGGGAGT GAT GGT 
T T CAGT GGAC TAAAT CACAT TAT GAT T GGACAT T CACAGAT GAAC GAT GT CT GT T T CCAAAGAT CAAAGGCACT GAA 
AAGGGT T GGACT T GAC C CT T CAT TAAT CAGTACT T T T GC C GGAAGCACACTAC C CAGAAGAT CAGGTACAACT GGT G 

20 T T GCAAT CAAAGGAGGT GGAACT T TAGT GGCAGAAGCCAT T CGAT T TATAGGAAGAGCAAT GGCAGACAGAGGGC TA 
CT GAGAGACAT CAAGGCCAAGACAGCCTAT GAAAAGAT T CT T CT GAAT CT GAAAAACAAGT GCT CT GCGCCCCAACA 
AAAGGCT CTAGT T GAT CAAGT GAT CGGAAGTAGGAACCCAGGGAT T GCAGACATAGAAGACCTAACT CT GCT T GC CA 
GAAGCAT GATAGT T GT CAGACCCT CT GTAGCGAGCAAAGT GGT GCT T CCCATAAGCAT T TAT GCTAAAATACCT CAA 
CTAGGAT T CAATAT C GAAGAATACT CTAT GGTT GGGTAT GAAGC CAT GGCT CT T TATAATAT GGCAACAC CT GT T T C 

25 CATAT TAAGAAT GGGAGAT GACGCAAAAGATAAAT CT CAAC TAT T CT T CAT GT CGT GCT T CGGAGCT GCCTAT GAAG 
AT CTAAGAGT GT TAT CT GCAC TAACGGGCACCGAAT T TAAGCCTAGAT CAGCAC TAAAAT GCAAGGGT T T CCAT GT C 
CCGGCTAAGGAGCAAGTAGAAGGAAT GGGGGCAGCT CT GAT GT CCAT CAAGCT T CAGT T CT GGGCCCCAAT GACCAG 
AT CT GGAGGGAAT GAAGTAAGT GGAGAAGGAGGGT CT GGT CAAATAAGT T GCAGCCCT GT GT T T GCAGTAGAAAGAC 
C TAT T GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCT GT CAAT GAACGT T GAAGGACGT GAT GCAGAT GT CAAAGGA 

30 AAT CTACT CAAAAT GAT GAAT GAT T CGAT GGCAAAGAAAAC CAGT GGAAAT GCT T T CAT T GGGAAGAAAAT GT T T CA 
AATAT CAGACAAAAACAAAGT CAAT CCCAT T GAGAT T CCAAT TAAGCAGAC CAT CCCCAGT T T CT T CT T T GGGAGGG 
ACACAGCAGAGGAT TAT GAT GACCT CGAT TAT TAAAGCAATAAAATAGACAC TAT GGCT GT GACT GT T T CAGTACGT 
T T GGGAT GT GGGT GT T TACT CT TAT T GAAATAAAT GTAAAA 

SEQ ID NO: 101 (NP, B/Ann Arbor/1/66) 
35 MSNMDIDGINTGTIDKTPEEITSGTSGATRPIIKPATLAPPSNKRTRNPS PERATTS SEAIVGRRTQKKQTPTEIKK 

SVYNMVVKL GE FYNQMMVKAGLN D DME RN L I QNAHAVE RI L LAAT D D KKT EYQ KKKNARDVKE GKE E I DHN KT GGT F 
YKMVRDDKT I YES P I RI T FLKEEVKTMYKTTMGSDGFSGLNHIMI GHSQMNDVCFQRSKALKRVGLDP S LI ST FAGS 
T L P RRS GAT GVAI KGGGT LVAEAI RFT GRAMADRGLLRDI RAKTAYEKI LLNLKNKCSAPQQKALVDQVI GS RNP GI 
ADI EDLTLLARSMVVVRP SVASKVVLP I S INAKI PQLGFNVEEYSMVGYEAMALYNMAT PVS I LRMGDDAKDKSQLF 

40 FMS C FGAAYEDQRVL SALT GT EFKP RSALKCKGFHVPAKEQVEGMGAALMS I KLQ FWAPMT RS GGNEVGGDGGS GQ I 
SCS PVFAVERP IALSKQAVRRMLSMNI EGRDADVKGNLLKMMNDSMAKKTNGNAFI GKKMFQ I SDKNKINPVDI P I K 
QT I PNFFFGRDTAEDYDDLDY 

SEQ ID NO: 102 (NP, B/Ann Arbor/1/66) 
MSNMDIDGINTGTIDKTPEEITSGTSGATRPIIKPATLAPPSNKRTRNPSPERAATSSEADVGRRTQKKQTPTEIKK 

45 SVYNMVVKL GE FYNQMMVKAGLN D DME RN L I QNAHAAE RI L LAAT D D KKT E FQ KKKNARDVKE GKE E I DHN KT GGT F 
YKMVRDDKT I YES P I RI T FLKEEVKTMYKTTMGSDGFSGLNHIMI GHSQMNDVCFQRSKALKRVGLDP S LI ST FAGS 
T L P RRS GAT GVAI KGGGT LVAEAI RFT GRAMADRGLLRDI RAKTAYEKI LLNLKNKCSAPQQKALVDQVI GS RNP GI 
ADI EDLTLLARSMVVVRP SVASKVVLP I S INAKI PQLGFNVEEYSMVGYEAMALYNMAT PVS I LRMGDDAKDKSQLF 
FMS C FGAAYEDQRVL SALT GT EFKHRSALKCKGFHVPAKEQVEGMGAALMS I KLQ FWAPMT RS GGNEVGGDGGS GQ I 

50 s CS PVFAVERP IALSKQAVRRMLSMNI EGRDADVKGNLLKMPINDSMTKKTNGNAFI GKKMFQ I SDKNKTNP I EI P I K 
QT I PNFFFGRDTAEDYDDLDY 

SEQ ID NO: 103 (NP, B/Ann Arbor/1/66) 
AGCAGAAGCACAGCAT T T T CT T GT GAACT T CAAGTAC CAACAAAAACT GAAAAT CAAAAT GT CCAACAT GGATAT T G 

ACGGCATCAACACTGGAACAATTGACAAAACACCAGAAGAAATAACTTCCGGAACCAGTGGGGCAACCAGACCAATC 

55 AT CAAGCCAGCAACCCT T GCCCCAC CAAGCAATAAAC GAACCCGAAACCCAT CCCCAGAAAGGGCAAC CACAAGCAG 

C GAAGCGAT T GT CGGAAGGAGAACCCAAAAGAAACAAACCCCGACAGAGATAAAGAAGAGCGT CTACAATAT GGTAG 

73 

WO 2014/195920 PCT/IB2014/062030 

SEQ ID NO: 99 (NA, A/California/04/09) 
MNPNQKIITIGSVCMTIGMANLILQIGNIISIWISHSIQLGNQNQIETCNQSVTTYENNTWVNQTYVNISNTNFAAG 
QSWSVKLAGNSSLCPVSGWAIYSKDNSVRIGSKGDVFVIREPFISCSPLECRTFFLTQGALLNDKHSNGTIKDRSP 
YRTLMSCPIGEVPSPYNSRFESVAWSASACHDGINWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESEC 
ACVNGSCFTVMTDGPSNGQASYKIFRIEKGKIVKSVEMNAPNYHYEECSCYPDSSEITCVCRDNWHGSNRPWVSFNQ 
NLEYQIGYICSGIFGDNPRPNDKTGSCGPVSSNGANGVKGFSFKYGNGVWIGRTKSISSRNGFEMIWDPNGWTGTDN 
NFSIKQDIVGINEWSGYSGSFVQHPELTGLDCIRPCFWVELIRGRPKENTIWTSGSSISFCGVNSDTVGWSWPDGAE 
LPFTIDK 

SEQ ID NO: 100 (NP, B/Lee/40) 
AG CAT TTTCTTGT GAG C T T C GAG CAC TAATAAAAC T GAAAAT CAAAAT GT C CAACAT G GATAT T GACAGTATAAATA 
C C G GAACAAT C GATAAAAAAC CAGAAGAAC T GAC T C C C G GAAC CAGT G G G G CAAC CAGAC CAAT CAT CAAG C CAG CA 
ACCCTTGCTCCGC CAAG CAACAAAC GAAC C C GAAAT C CAT C C C CAGAAAG GACAAC CACAAG CAGT GAAAC C GATAT 
C G GAAG GAAAAT C CAAAAGAAACAAAC C C CAACAGAGATAAAGAAGAG C GT C TACAACAT GGT G GTAAAG C T G G GT G 
AAT T CTACAAC CAGATGAT GGT CAAAGCT GGACTTAATGAT GACAT GGAAAGGAAT CTAAT CCAAAAT GCACAAGCT 
GT GGAGAGAAT CCTATT GGCT GCAACT GAT GACAAGAAAACT GAATAC CAAAAGAAAAGGAAT GC CAGAGATGT CAA 
AGAAG G GAAG GAAGAAATAGAC CACAACAAGACAG GAG G CAC C T T T TATAAGAT G GTAAGAGAT GATAAAAC CAT C T 
AC T T CAG C C C TATAAAAAT TACCTTTT TAAAAGAAGAG GT GAAAACAAT GTACAAGAC CAC CAT G G G GAGT GAT GGT 
T T CAGT G GAC TAAAT CACAT TAT GAT T G GACAT T CACAGAT GAAC GAT GTCTGTTTC CAAAGAT CAAAG G CAC T GAA 
AAGGGTTGGACTTGACCCTTCATTAATCAGTACTTTTGCCGGAAGCACACTACCCAGAAGATCAGGTACAACTGGTG 
T T G CAAT CAAAG GAG GT G GAAC TTTAGTGG CAGAAG C CAT T C GAT T TATAG GAAGAG CAAT G G CAGACAGAG G G C TA 
CTGAGAGACATCAAGGCCAAGACAGCCTATGAAAAGATTCTTCTGAATCTGAAAAACAAGTGCTCTGCGCCCCAACA 
AAAG GCTCTAGTT GAT CAAGT GAT C G GAAGTAG GAAC C CAG G GAT T G CAGACATAGAAGAC C TAAC TCTGCTTGC CA 
GAAGCATGATAGTTGTCAGACCCTCTGTAGCGAGCAAAGTGGTGCTTCCCATAAGCATTTATGCTAAAATACCTCAA 
CTAGGATTCAATATCGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTTTATAATATGGCAACACCTGTTTC 
CATATTAAGAATGGGAGATGACGCAAAAGATAAATCTCAACTATTCTTCATGTCGTGCTTCGGAGCTGCCTATGAAG 
ATCTAAGAGTGTTATCTGCACTAACGGGCACCGAATTTAAGCCTAGATCAGCACTAAAATGCAAGGGTTTCCATGTC 
CCGGCTAAGGAGCAAGTAGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTTCAGTTCTGGGCCCCAATGACCAG 
ATCTGGAGGGAATGAAGTAAGTGGAGAAGGAGGGTCTGGTCAAATAAGTTGCAGCCCTGTGTTTGCAGTAGAAAGAC 
CTATTGCTCTAAGCAAGCAAGCTGTAAGAAGAATGCTGTCAATGAACGTTGAAGGACGTGATGCAGATGTCAAAGGA 
AATCTACTCAAAATGATGAATGATTCGATGGCAAAGAAAACCAGTGGAAATGCTTTCATTGGGAAGAAAATGTTTCA 
AATAT CAGACAAAAACAAAGT CAAT C C CAT T GAGAT T C CAAT TAAG CAGAC CAT C C C CAGT TTCTTCTTTGG GAG G G 
ACACAG CAGAG GAT TAT GAT GAC C T C GAT TAT TAAAG CAATAAAATAGACAC TAT G G C T GT GAC T GT T T CAGTAC GT 
TTGGGATGTGGGTGTTTACTCTTATTGAAATAAATGTAAAA 

SEQ ID NO: 101 (NP, B/Ann Arbor/1/66) 
MSNMDIDGINTGTIDKTPEEITSGTSGATRPIIKPATLAPPSNKRTRNPSPERATTSSEAIVGRRTQKKQTPTEIKK 
SVYNMWKLGEFYNQMMVKAGLNDDMERNLIQNAHAVERILLAATDDKKTEYQKKKNARDVKEGKEEIDHNKTGGTF 
YKMVRDDKTIYFSPIRITFLKEEVKTMYKTTMGSDGFSGLNHIMIGHSQMNDVCFQRSKALKRVGLDPSLISTFAGS 
TLPRRSGATGVAIKGGGTLVAEAIRFIGRAMADRGLLRDIRAKTAYEKILLNLKNKCSAPQQKALVDQVIGSRNPGI 
ADIEDLTLLARSMVWRPSVASKWLPISINAKIPQLGFNVEEYSMVGYEAMALYNMATPVSILRMGDDAKDKSQLF 
FMSCFGAAYEDQRVLSALTGTEFKPRSALKCKGFHVPAKEQVEGMGAALMSIKLQFWAPMTRSGGNEVGGDGGSGQI 
SCSPVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMAKKTNGNAFIGKKMFQISDKNKINPVDIPIK 
QTIPNFFFGRDTAEDYDDLDY 

SEQ ID NO: 102 (NP, B/Ann Arbor/1/66) 
MSNMDIDGINTGTIDKTPEEITSGTSGATRPIIKPATLAPPSNKRTRNPSPERAATSSEADVGRRTQKKQTPTEIKK 
SVYNMWKLGEFYNQMMVKAGLNDDMERNLIQNAHAAERILLAATDDKKTEFQKKKNARDVKEGKEEIDHNKTGGTF 
YKMVRDDKTIYFSPIRITFLKEEVKTMYKTTMGSDGFSGLNHIMIGHSQMNDVCFQRSKALKRVGLDPSLISTFAGS 
TLPRRSGATGVAIKGGGTLVAEAIRFIGRAMADRGLLRDIRAKTAYEKILLNLKNKCSAPQQKALVDQVIGSRNPGI 
ADIEDLTLLARSMVWRPSVASKWLPISINAKIPQLGFNVEEYSMVGYEAMALYNMATPVSILRMGDDAKDKSQLF 
FMSCFGAAYEDQRVLSALTGTEFKHRSALKCKGFHVPAKEQVEGMGAALMSIKLQFWAPMTRSGGNEVGGDGGSGQI 
SCSPVFAVERPIALSKQAVRRMLSMNIEGRDADVKGNLLKMMNDSMTKKTNGNAFIGKKMFQISDKNKTNPIEIPIK 
QTIPNFFFGRDTAEDYDDLDY 

SEQ ID NO: 103 (NP, B/Ann Arbor/1/66) 
AG CAGAAG CACAG CAT TTTCTTGT GAAC T T CAAGTAC CAACAAAAAC T GAAAAT CAAAAT GT C CAACAT G GATAT T G 
AC G G CAT CAACAC T G GAACAAT T GACAAAACAC CAGAAGAAATAAC T T C C G GAAC CAGT G G G G CAAC CAGAC CAAT C 
AT CAAG C CAG CAAC CCTTGCCC CAC CAAG CAATAAAC GAAC C C GAAAC C CAT C C C CAGAAAG G G CAAC CACAAG CAG 
C GAAG C GAT T GT C G GAAG GAGAAC C CAAAAGAAACAAAC C C C GACAGAGATAAAGAAGAG C GT C TACAATAT G GTAG 
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TGAAACTGGGTGAATTCTACAACCAGATGATGGTCAAAGCTGGACTCAACGATGACATGGAGAGAAACCTAATCCAA 

AAT GCACAT GCT GT GGAAAGAATT CTATT GGCT GCTACT GAT GACAAGAAAACT GAATACCAAAAGAAAAAGAAT GC 

CAGAGAT GT CAAAGAAGGGAAAGAAGAAATAGACCACAACAAAACAGGAGGCACCTTTTATAAGAT GGTAAGAGAT G 

ATAAAACCATCTACTTCAGCCCTATAAGAATTACCTTTTTAAAAGAAGAGGTGAAAACAATGTACAAGACCACCATG 

5 GGGAGTGATGGTTTCAGTGGACTAAATCACATCATGATTGGGCATTCACAGATGAACGATGTCTGTTTCCAAAGATC 

AAAGGCACTAAAAAGAGTTGGACTTGACCCTTCATTAATCAGTACTTTTGCAGGAAGCACACTCCCCAGAAGATCAG 

GT GCAACT GGT GTT GCGAT CAAAGGAGGT GGAACTTTAGT GGCAGAAGCCATT CGATTTATAGGAAGAGCAAT GGCA 

GACAGAGGGCTATT GAGAGACAT CAGAGCCAAGACGGCCTAT GAAAAGATT CTT CT GAAT CT GAAAAACAAGT GCTC 

TGCGCCCCAACAAAAGGCTCTAGTTGATCAAGTGATCGGAAGTAGAAACCCAGGGATTGCAGACATAGAAGACCTAA 

10 CCCTGCTTGCCCGAAGCATGGTCGTTGTCAGGCCCTCTGTAGCGAGCAAAGTGGTGCTTCCCATAAGCATTAATGCT 

AAAATACCTCAACTAGGGTTCAATGTTGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTTTATAATATGGC 

AACACCTGTTTCCATATTAAGAATGGGAGACGATGCAAAAGATAAATCACAATTATTCTTCATGTCTTGCTTTGGAG 

CTGCCTATGAAGACCAAAGAGTTTTGTCTGCACTAACCGGCACAGAATTCAAGCCTAGGTCAGCATTAAAGTGCAAG 

GGTTTCCACGTTCCAGCAAAGGAGCAAGTGGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGGGC 

15 CCCAAT GACCAGAT CT GGGGGGAACGAAGTAGGT GGAGACGGAGGGT CT GGT CAAATAAGTT GCAGCCCCGT GTTT G 

CAGTAGAGAGACCTATT GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCT GT CAAT GAATATT GAGGGACGT GAT GCA 

GATGTCAAAGGAAATCTACTCAAGAT GAT GAAT GATTCAATGGCTAAGAAAACCAATGGAAATGCTTTCATTGGGAA 

GAAAAT GTTT CAAATAT CAGACAAAAACAAAAT CAAT CCCGTT GATATT CCAATTAAGCAGACCAT CCCCAATTT CT 

T CTTT GGGAGGGACACAGCAGAGGATTAT GATGACCT CGATTATTAAAGCAACAAAATAGACACTAT GGCT GT GACT 

20 GTTT CAGTACGTTT GGAAT GT GGGT GTTTACTCTTATT GAAATAAAT GTAAAAAAT GCT GTT GTTT CTACT 

SEQ ID NO: 104 (NP, B/Ann Arbor/1/66) 
AGCAGAAGCACAGCATTTTCTTGTGAACTTCAAGTACCAACAAAAACTGAAAATCAAAATGTCCAACATGGATATTG 
ACGGCATCAACACTGGAACAATTGACAAAACACCAGAAGAAATAACTTCCGGAACCAGTGGGGCAACCAGACCAATC 
AT CAAACCAGCAACCCTTGCCCCACCAAGCAACAAACGAACCCGAAACCCATCCCCGGAAAGGGCAGCCACAAGCAG 

25 TGAAGCTGATGTCGGAAGGAGAACCCAAAAGAAACAAACCCCGACAGAGATAAAGAAGAGCGTCTACAATATGGTAG 
TGAAACTGGGTGAATTCTACAACCAGATGATGGTCAAAGCTGGACTCAACGATGACATGGAGAGAAACCTAATCCAA 
AAT GCACAT GCT GCGGAAAGAATT CTATT GGCT GCTACT GAT GACAAGAAAACT GAATT CCAAAAGAAAAAGAAT GC 
CAGAGAT GT CAAAGAAGGGAAAGAAGAAATAGACCACAACAAAACAGGAGGCACCTTTTACAAGAT GGTAAGAGAT G 
ATAAAACCATCTACTTCAGCCCTATAAGAATTACCTTTTTAAAAGAAGAGGTGAAAACAATGTACAAAACCACCATG 

30 GGGAGTGATGGTTTCAGTGGACTAAATCACATCATGATTGGGCATTCACAGATGAACGATGTCTGTTTCCAAAGATC 
AAAGGCACTAAAAAGAGTTGGACTTGACCCTTCATTAATCAGTACTTTTGCAGGAAGCACACTCCCCAGAAGATCAG 
GT GCAACT GGT GTT GCGAT CAAAGGAGGT GGAACTTTAGT GGCAGAAGCCATT CGATTTATAGGAAGAGCAAT GGCA 
GACAGAGGGCTATT GAGAGACAT CAGAGCCAAGACGGCCTAT GAAAAGATT CTT CT GAAT CT GAAAAACAAGT GCTC 
TGCGCCCCAACAAAAGGCTCTAGTTGATCAAGTGATCGGAAGTAGAAATCCAGGGATTGCAGACATAGAAGACCTAA 

35 CCCTGCTTGCCCGAAGCATGGTCGTTGTCAGGCCCTCTGTAGCGAGCAAAGTGGTGCTTCCCATAAGCATTAATGCC 
AAAATACCTCAACTAGGGTTCAATGTTGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTTTATAATATGGC 
AACACCTGTTTCCATATTAAGAATGGGAGACGATGCAAAAGATAAATCACAATTATTCTTCATGTCTTGCTTCGGAG 
CTGCCTATGAAGACCAAAGAGTTTTGTCTGCACTAACAGGCACAGAATTCAAGCATAGGTCAGCATTAAAGTGCAAG 
GGTTTCCACGTTCCAGCAAAGGAGCAAGTGGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGGGC 

40 T CCAAT GACCAGAT CT GGGGGGAAT GAAGTAGGT GGAGACGGAGGGT CT GGT CAAATAAGTT GCAGCCCCGT GTTT G 
CAGTAGAAAGACCTATT GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCT GT CAAT GAATATT GAGGGACGT GAT GCA 
GATGTCAAAGGAAATCTACTCAAGAT GAT GAAT GATTCAAT GACTAAGAAAACCAATGGAAATGCTTTCATTGGGAA 
GAAAATGTTTCAAATATCAGACAAAAACAAAACCAATCCCATTGAGATTCCAATTAAGCAGACCATCCCCAATTTCT 
T CTTT GGGAGGGACACAGCAGAGGATTAT GATGACCT CGATTATTAAAGCAACAAAATAGACACTAT GGCT GT GACT 

45 GTTT CAGTACGTTT GGAAT GT GGGT GTTTACTTTTATT GAAATAAAT GTAAAAAAT GCT GTT GTTT CTACT 

SEQ ID NO: 105 (5'- H4 NCR, 105p30) 
AGCAAAAGCAGGGGAAAATAAAAGCAACCAAA 

SEQ ID NO: 106 (HA SP, 105p30) 
AT GAAAGTAAAACTACT GGTT CT GTTAT GTACATTTACAGCTACATAT GCA 

50 SEQ ID NO: 107 (HA TM domain, 105p30) 
AGATT CT GGCGAT CTACT CAACAGT CGCCAGTT CCCT GGTT CTTTT GGT CT CCCT GGGGGCAAT CAGCTT CT GGAT G 

SEQ ID NO: 108 (HA CT domain, 105p30) 
TGTTCCAATGGGTCTTTGCAGTGTAGAATATGCATCTAA 

SEQ ID NO: 109 (HA 3'- NCR, 105p30) 
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T GAAAC T G G GT GAAT T C T AC AAC C AGAT GAT GGT C AAAG C T G GAC T CAAC GAT GACAT G GAGAGAAAC C T AAT C C AA 
AAT GCACAT GCT GT GGAAAGAATT CTATT GGCT GCTACT GAT GACAAGAAAACT GAATAC CAAAAGAAAAAGAAT GC 
CAGAGAT GT CAAAGAAG G GAAAGAAGAAATAGAC CACAACAAAACAG GAG G CAC C T T T TATAAGAT G GTAAGAGAT G 
ATAAAAC CAT C TAC T T CAG C C C TATAAGAAT TAC C T T T T TAAAAGAAGAG GT GAAAACAAT GTACAAGAC CAC CAT G 
GGGAGTGATGGTTTCAGTGGACTAAATCACATCATGATTGGGCATTCACAGATGAACGATGTCTGTTTCCAAAGATC 
AAAG G CAC TAAAAAGAGT T G GAC T T GAC C C T T CAT TAAT CAGTAC T T T T G CAG GAAG CACAC T C C C CAGAAGAT CAG 
GTGCAACTGGTGTTGCGATCAAAGGAGGTGGAACTTTAGTGGCAGAAGCCATTCGATTTATAGGAAGAGCAATGGCA 
GACAGAGGGCTAT T GAGAGACAT CAGAGC CAAGAC GGC CTAT GAAAAGAT T CT T CT GAAT CT GAAAAACAAGT GCT C 
T G C G C C C CAACAAAAG GCTCTAGTT GAT CAAGT GAT C G GAAGTAGAAAC C CAG G GAT T G CAGACATAGAAGAC C TAA 
CCCTGCTTGCCCGAAGCATGGTCGTTGTCAGGCCCTCTGTAGCGAGCAAAGTGGTGCTTCCCATAAGCATTAATGCT 
AAAATACCTCAACTAGGGTTCAATGTTGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTTTATAATATGGC 
AACAC C T GT T T C CATAT TAAGAAT G G GAGAC GAT G CAAAAGATAAAT CACAAT TAT T C T T CAT GTCTTGCTTTG GAG 
C T G C C TAT GAAGAC CAAAGAGT TTTGTCTG CAC TAAC C G G CACAGAAT T CAAG C C TAG GT CAG CAT TAAAGT G CAAG 
GGTTTCCACGTTCCAGCAAAGGAGCAAGTGGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGGGC 
CCCAATGACCAGATCTGGGGGGAACGAAGTAGGTGGAGACGGAGGGTCTGGTCAAATAAGTTGCAGCCCCGTGTTTG 
CAGTAGAGAGACCTATT GCT CTAAGCAAGCAAGCT GTAAGAAGAAT GCT GTCAAT GAATATT GAGGGACGTGAT GCA 
GAT GT CAAAG GAAAT C TAC T CAAGAT GAT GAAT GAT T CAAT G G C TAAGAAAAC CAAT G GAAAT G C T T T CAT T G G GAA 
GAAAAT GTTT CAAATAT CAGACAAAAACAAAAT CAAT C C C GT T GATAT T C CAAT TAAG CAGAC CAT C C C CAAT T T C T 
T C T T T G G GAG G GACACAG CAGAG GAT TAT GAT GAC C T C GAT TAT TAAAG CAACAAAATAGACAC TAT G G C T GT GAC T 
GTTTCAGTACGTTTGGAATGTGGGTGTTTACTCTTATTGAAATAAATGTAAAAAATGCTGTTGTTTCTACT 

SEQ ID NO: 104 (NP, B/Ann Arbor/1/66) 
AG CAGAAG CACAG CAT TTTCTTGT GAAC T T CAAGTAC CAACAAAAAC T GAAAAT CAAAAT GT C CAACAT G GATAT T G 
AC G G CAT CAACAC T G GAACAAT T GACAAAACAC CAGAAGAAATAAC T T C C G GAAC CAGT G G G G CAAC CAGAC CAAT C 
ATCAAACCAGCAACCCTTGCCCCACCAAGCAACAAACGAACCCGAAACCCATCCCCGGAAAGGGCAGCCACAAGCAG 
T GAAG C T GAT GT C G GAAG GAGAAC C CAAAAGAAACAAAC C C C GACAGAGATAAAGAAGAG C GT C TACAATAT G GTAG 
T GAAAC T G G GT GAAT T C TACAAC CAGAT GAT GGT CAAAG C T G GAC T CAAC GAT GACAT G GAGAGAAAC C TAAT C CAA 
AAT G CACAT G C T G C G GAAAGAAT T C TAT TGGCTGCTACT GAT GACAAGAAAAC T GAAT T C CAAAAGAAAAAGAAT G C 
CAGAGAT GT CAAAGAAG G GAAAGAAGAAATAGAC CACAACAAAACAG GAG G CAC C T T T TACAAGAT G GTAAGAGAT G 
ATAAAAC CAT C TAC T T CAG C C C TATAAGAAT TAC C T T T T TAAAAGAAGAG GT GAAAACAAT GTACAAAAC CAC CAT G 
GGGAGTGATGGTTTCAGTGGACTAAATCACATCATGATTGGGCATTCACAGATGAACGATGTCTGTTTCCAAAGATC 
AAAG G CAC T AAAAAGAGT T G GAC T T GAC C C T T CAT T AAT CAGT AC T T T T G CAG GAAG CAC AC T C C C CAGAAGAT CAG 
GTGCAACTGGTGTTGCGATCAAAGGAGGTGGAACTTTAGTGGCAGAAGCCATTCGATTTATAGGAAGAGCAATGGCA 
GACAGAGGGCTAT T GAGAGACAT CAGAGC CAAGAC GGC CTAT GAAAAGAT T CT T CT GAAT CT GAAAAACAAGT GCT C 
T G C G C C C CAACAAAAG GCTCTAGTT GAT CAAGT GAT C G GAAGTAGAAAT C CAG G GAT T G CAGACATAGAAGAC C TAA 
CCCTGCTTGCCCGAAGCATGGTCGTTGTCAGGCCCTCTGTAGCGAGCAAAGTGGTGCTTCCCATAAGCATTAATGCC 
AAAATACCTCAACTAGGGTTCAATGTTGAAGAATACTCTATGGTTGGGTATGAAGCCATGGCTCTTTATAATATGGC 
AACAC C T GT T T C CATAT TAAGAAT G G GAGAC GAT G CAAAAGATAAAT CACAAT TAT T C T T CAT GTCTTGCTTCG GAG 
C T G C C TAT GAAGAC CAAAGAGT TTTGTCTG CAC TAACAG G CACAGAAT T CAAG CATAG GT CAG CAT TAAAGT G CAAG 
GGTTTCCACGTTCCAGCAAAGGAGCAAGTGGAAGGAATGGGGGCAGCTCTGATGTCCATCAAGCTCCAGTTTTGGGC 
TCCAATGACCAGATCTGGGGGGAATGAAGTAGGTGGAGACGGAGGGTCTGGTCAAATAAGTTGCAGCCCCGTGTTTG 
CAGTAGAAAGACCTATTGCTCTAAGCAAGCAAGCTGTAAGAAGAATGCTGTCAATGAATATTGAGGGACGTGATGCA 
GAT GT CAAAG GAAAT C TAC T CAAGAT GAT GAAT GAT T CAAT GAC TAAGAAAAC CAAT G GAAAT G C T T T CAT T G G GAA 
GAAAAT GTTT CAAATAT CAGACAAAAACAAAAC CAAT C C CAT T GAGAT T C CAAT TAAG CAGAC CAT C C C CAAT T T C T 
T C T T T G G GAG G GACACAG CAGAG GAT TAT GAT GAC C T C GAT TAT TAAAG CAACAAAATAGACAC TAT G G C T GT GAC T 
GTTTCAGTACGTTTGGAATGTGGGTGTTTACTTTTATTGAAATAAATGTAAAAAATGCTGTTGTTTCTACT 

SEQ ID NO: 105 (5'- HA NCR, 105p30) 
AG CAAAAG CAG G G GAAAATAAAAG CAAC CAAA 

SEQ ID NO: 106 (HA SP, 105p30) 
AT GAAAGTAAAACTACT GGTT CT GTTAT GTACAT T TACAG C TACATAT G CA 

SEQ ID NO: 107 (HA TM domain, 105p30) 
AGATTCTGGCGATCTACTCAACAGTCGCCAGTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCAGCTTCTGGATG 
SEQ ID NO: 108 (HA CT domain, 105p30) 
TGTTCCAATGGGTCTTTGCAGTGTAGAATATGCATCTAA 

SEQ ID NO: 109 (HA 3'- NCR, 105p30) 
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GACCAGAATTTCAGAAATATAAGGAAAAACACCCTTGTTTCTACT 

SEQ ID NO: 110 (NA 5'- NCR, 105p30) 
AGCAAAAGCAGGAGTTTAAA 

SEQ ID NO: 111 (NA CT, 105p30) 
5 AT GAAT CCAAAT CAAAAA 

SEQ ID NO: 112 (NA TM domain, 105p30) 
ATAATAACCATTGGATCAATCAGTATAGCAATCGGAATAATTAGTCTAATGTTGCAAATAGGAAATATTATTTCAAT 

ATGGGCTAGT 

SEQ ID NO: 113 (NA 3'- NCR, 105p30) 
10 CTCGTTGAAAAAAACTCCTTGTTTCTACT 

SEQ ID NO: 114 (5'- HA NCR, PR8-X) 
AGCAAAAGCAGGGGAAAATAAAAACAACCAAA 

SEQ ID NO: 115 (HA SP, PR8-X) 
ATGAAGGCAAACCTACTGGTCCTGTTATGTGCACTTGCAGCTGCAGATGCA 

15 SEQ ID NO: 116 (HA TM domain, PR8-A) 
CAGATTCTGGCGATCTACTCAACTGTCGCCAGTTCACTGGTGCTTTTGGTCTCCCTGGGGGCAATCAGTTTCTGGAT 

G 

SEQ ID NO: 117 (HA CT domain, PR8-A) 
T GTT CTAAT GGAT CTTT GCAGT GCAGAATAT GCAT CT GA 

20 SEQ ID NO: 118 (HA 3'- NCR, PR8-X) 

GATTAGAATTTCAGAGATATGAGGAAAAACACCCTTGTTTCTACT 

SEQ ID NO: 119 (NA 5'- NCR, PR8-X) 

AGCAAAAGCAGGGGTTTAAA 

SEQ ID NO: 120 (NA CT, PR8-X) 

25 AT GAAT CCAAAT CAGAAA 

SEQ ID NO: 121 (NA TM domain, PR8-X) 

ATAATAACCATT GGAT CAAT CT GT CT GGTAGTCGGACTAATTAGCCTAATATT GCAAATAGGGAATATAAT CT CAAT 

AT GGATTAGC 

SEQ ID NO: 122 (NA 3'- NCR, PR8-X) 

30 TCTGTTCAAAAAACTCCTTGTTTCTACT 
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GAC CAGAAT T T CAGAAATATAAG GAAAAACAC CCTTGTTTCTACT 

SEQ ID NO: 110 (NA 5'- NCR, 105p30) 
AGCAAAAGCAGGAGTTTAAA 

SEQ ID NO: 111 (NA CT, 105p30) 
5 ATGAATCCAAATCAAAAA 

SEQ ID NO: 112 (NA TM domain, 105p30) 
ATAATAAC CAT T G GAT CAAT CAGTATAG CAAT C G GAATAAT TAGT C TAAT GT T G CAAATAG GAAATAT TAT T T CAAT 
ATGGGCTAGT 

SEQ ID NO: 113 (NA 3'- NCR, 105p30) 
10 CTCGTTGAAAAAAACTCCTTGTTTCTACT 

SEQ ID NO: 114 (5'- HA NCR, PR8-X) 
AG CAAAAG CAG G G GAAAATAAAAACAAC CAAA 

SEQ ID NO: 115 (HA SP, PR8-X) 
ATGAAGGCAAACCTACTGGTCCTGTTATGTGCACTTGCAGCTGCAGATGCA 

15 SEQ ID NO: 116 (HA TM domain, PR8-X) 
CAGATTCTGGCGATCTACTCAACTGTCGCCAGTTCACTGGTGCTTTTGGTCTCCCTGGGGGCAATCAGTTTCTGGAT 
G 

SEQ ID NO: 117 (HA CT domain, PR8-X) 
T GTT CTAAT GGAT CTTT GCAGT GCAGAATAT GCAT CT GA 

20 SEQ ID NO: 118 (HA 3NCR, PR8-X) 
GAT TAGAAT T T CAGAGATAT GAG GAAAAACAC CCTTGTTTCTACT 

SEQ ID NO: 119 (NA 5'-NCR, PR8-X) 
AGCAAAAGCAGGGGTTTAAA 

SEQ ID NO: 120 (NA CT, PR8-X) 
25 ATGAATCCAAATCAGAAA 

SEQ ID NO: 121 (NA TM domain, PR8-X) 
ATAATAAC CAT T G GAT CAAT CTGTCTGGTAGTCG GAC TAAT TAG C C TAATAT T G CAAATAG G GAATATAAT C T CAAT 
ATGGATTAGC 

SEQ ID NO: 122 (NA 3'- NCR, PR8-X) 
30 TCTGTTCAAAAAACTCCTTGTTTCTACT 
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CLAIMS 

1.  A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 

wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

5 region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 

cytoplasmic domain are from a second influenza strain which is not A/Puerto Rico/8/34, 

A/WSN/33 or B/Lee/40, wherein the first and the second influenza strains are both influenza A 

or influenza B strains. 

2.  A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 

10 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain, 

wherein the ectodomain is from a first influenza A strain which is not a H1 or H5 influenza 

strain, and one or more of the 5'- non-coding region, the 3'- non-coding region, the signal 

peptide, the transmembrane domain and the cytoplasmic domain are from a second influenza 

strain, wherein the first and the second influenza strains are both influenza A or influenza B 

15 strains. 

3.  A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain, 

wherein the ectodomain is from a first influenza B strain, and one or more of the 5'- non-coding 

region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 

20 cytoplasmic domain are from a second influenza strain which is an influenza B strain or an 

influenza A strain which is not a H1 strain or a H3 strain. 

4.  A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 

wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

25 region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 

cytoplasmic domain are from a second influenza strain, wherein the segment comprises one or 

more of: 

a) guanine in the position corresponding to nucleotide 24 of SEQ ID NO: 15, and/or 

b) adenine in the position corresponding to nucleotide 38 of SEQ ID NO: 15; and/or 

30 c) thymine in the position corresponding to nucleotide 40 of SEQ ID NO: 15; and/or 

d) adenine in the position corresponding to nucleotide 44 of SEQ ID NO: 15; and/or 

e) thymine in the position corresponding to nucleotide 53 of SEQ ID NO: 15; and/or 

f) adenine in the position corresponding to nucleotide 63 of SEQ ID NO: 15; and/or 

g) thymine in the position corresponding to nucleotide 66 of SEQ ID NO: 15; and/or 

35 h) adenine in the position corresponding to nucleotide 69 of SEQ ID NO: 15; and/or 
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CLAIMS 

1. A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 
3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 
wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

5 region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 
cytoplasmic domain are from a second influenza strain which is not A/Puerto Rico/8/34, 
A/WSN/33 or B/Lee/40, wherein the first and the second influenza strains are both influenza A 
or influenza B strains. 

2. A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 
10 3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain, 

wherein the ectodomain is from a first influenza A strain which is not a HI or H5 influenza 
strain, and one or more of the 5'- non-coding region, the 3'- non-coding region, the signal 
peptide, the transmembrane domain and the cytoplasmic domain are from a second influenza 
strain, wherein the first and the second influenza strains are both influenza A or influenza B 

15 strains. 

3. A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 
3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain, 
wherein the ectodomain is from a first influenza B strain, and one or more of the 5'- non-coding 
region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 

20 cytoplasmic domain are from a second influenza strain which is an influenza B strain or an 
influenza A strain which is not a HI strain or a H3 strain. 

4. A chimeric influenza hemagglutinin segment having an ectodomain, a 5'- non-coding region, a 
3'- non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 
wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

25 region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 
cytoplasmic domain are from a second influenza strain, wherein the segment comprises one or 
more of: 

a) guanine in the position corresponding to nucleotide 24 of SEQ ID NO: 15, and/or 

b) adenine in the position corresponding to nucleotide 38 of SEQ ID NO: 15; and/or 

30 c) thymine in the position corresponding to nucleotide 40 of SEQ ID NO: 15; and/or 

d) adenine in the position corresponding to nucleotide 44 of SEQ ID NO: 15; and/or 

e) thymine in the position corresponding to nucleotide 53 of SEQ ID NO: 15; and/or 

f) adenine in the position corresponding to nucleotide 63 of SEQ ID NO: 15; and/or 

g) thymine in the position corresponding to nucleotide 66 of SEQ ID NO: 15; and/or 

35 h) adenine in the position corresponding to nucleotide 69 of SEQ ID NO: 15; and/or 
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i) adenine in the position corresponding to nucleotide 75 of SEQ ID NO: 15; and/or 

j) thymine in the position corresponding to nucleotide 78 of SEQ ID NO: 15; and/or 

k) adenine in the position corresponding to nucleotide 1637 of SEQ ID NO: 15, and/or 

1) 	cytosine in the position corresponding to nucleotide 1649 of SEQ ID NO: 15, and/or 

5 m) thymine in the position corresponding to nucleotide 1655 of SEQ ID NO: 15, and/or 

n) cytosine in the position corresponding to nucleotide 1682 of SEQ ID NO: 15, and/or 

o) cytosine in the position corresponding to nucleotide 1697 of SEQ ID NO: 15, and/or 

p) guanine in the position corresponding to nucleotide 1703 of SEQ ID NO: 15, and/or 

q) thymine in the position corresponding to nucleotide 1715 of SEQ ID NO: 15, and/or 

10 r) adenine in the position corresponding to nucleotide 1729 of SEQ ID NO: 15, and/or 

s) cytosine in the position corresponding to nucleotide 1733 of SEQ ID NO: 15, and/or 

t) cytosine in the position corresponding to nucleotide 1734 of SEQ ID NO: 15, and/or 

u) adenine in the position corresponding to nucleotide 1746 of SEQ ID NO: 15, and/or 

v) adenine in the position corresponding to nucleotide 1751 of SEQ ID NO: 15; 

15 when aligned to SEQ ID NO: 15 using a pairwise alignment algorithm. 

5. The chimeric hemagglutinin segment of claim 4, wherein the segment comprises all of the 

nucleotides of (a) to (v). 

6. The chimeric hemagglutinin segment of any preceding claim, comprising one or more of the 

5'- NCR domain of SEQ ID NO: 105; and/or the SP of SEQ ID NO: 106; and/or the TM domain 

20 	of SEQ ID NO: 107; and/or the CT domain of SEQ ID NO: 108; and/or the 3'- NCR of SEQ ID 

NO: 109. 

7. The chimeric hemagglutinin segment of any one of claims 4 to 6, wherein the first and the second 

influenza strains are both influenza A or influenza B viruses. 

8. The chimeric hemagglutinin segment of any preceding claim wherein the 5'- non-coding region, 

25 	the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are all from the second influenza strain. 

9. The chimeric hemagglutinin of any preceding claim, wherein the segment encodes a protein that 

does not have tyrosine in the position corresponding to amino acid 545, when aligned to 

SEQ ID NO: 7. 

30 	10. A chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein the 

ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3'- 
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i) adenine in the position corresponding to nucleotide 75 of SEQ ID NO: 15; and/or 

j) thymine in the position corresponding to nucleotide 78 of SEQ ID NO: 15; and/or 

k) adenine in the position corresponding to nucleotide 1637 of SEQ ID NO: 15, and/or 

1) cytosine in the position corresponding to nucleotide 1649 of SEQ ID NO: 15, and/or 

5 m) thymine in the position corresponding to nucleotide 1655 of SEQ ID NO: 15, and/or 

n) cytosine in the position corresponding to nucleotide 1682 of SEQ ID NO: 15, and/or 

o) cytosine in the position corresponding to nucleotide 1697 of SEQ ID NO: 15, and/or 

p) guanine in the position corresponding to nucleotide 1703 of SEQ ID NO: 15, and/or 

q) thymine in the position corresponding to nucleotide 1715 of SEQ ID NO: 15, and/or 

10 r) adenine in the position corresponding to nucleotide 1729 of SEQ ID NO: 15, and/or 

s) cytosine in the position corresponding to nucleotide 1733 of SEQ ID NO: 15, and/or 

t) cytosine in the position corresponding to nucleotide 1734 of SEQ ID NO: 15, and/or 

u) adenine in the position corresponding to nucleotide 1746 of SEQ ID NO: 15, and/or 

v) adenine in the position corresponding to nucleotide 1751 of SEQ ID NO: 15; 

15 when aligned to SEQ ID NO: 15 using a pairwise alignment algorithm. 

5. The chimeric hemagglutinin segment of claim 4, wherein the segment comprises all of the 

nucleotides of (a) to (v). 

6. The chimeric hemagglutinin segment of any preceding claim, comprising one or more of the 

5'- NCR domain of SEQ ID NO: 105; and/or the SP of SEQ ID NO: 106; and/or the TM domain 

20 of SEQ ID NO: 107; and/or the CT domain of SEQ ID NO: 108; and/or the 3'- NCR of SEQ ID 
NO: 109. 

7. The chimeric hemagglutinin segment of any one of claims 4 to 6, wherein the first and the second 

influenza strains are both influenza A or influenza B viruses. 

8. The chimeric hemagglutinin segment of any preceding claim wherein the 5'- non-coding region, 

25 the 3'- non-coding region, the signal peptide, the transmembrane domain and the cytoplasmic 

domain are all from the second influenza strain. 

9. The chimeric hemagglutinin of any preceding claim, wherein the segment encodes a protein that 

does not have tyrosine in the position corresponding to amino acid 545, when aligned to 

SEQ ID NO: 7. 

30 10. A chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein the 

ectodomain is from a first influenza strain and one or more of the 5'- non-coding region, the 3'-
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non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 

influenza strain which is not A/Puerto Rico/8/34 or A/WSN/33. 

11. A chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-coding region, a 

3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein the 

5 ectodomain is from a first influenza strain and the 5'- non-coding region, the 3'- non-coding 

region, the transmembrane domain and the cytoplasmic domain are from a second influenza 

strain wherein the first and the second influenza strain are both influenza A strains or both 

influenza B strains. 

12. A chimeric neuraminidase segment having an ectodomain, a 5'- non-coding region, a 3'- non- 

10 coding region, a transmembrane domain and a cytoplasmic domain, wherein the ectodomain is 

from a first influenza strain and one or more of the 5'- non-coding region, the 3'- non-coding 

region, the transmembrane domain and the cytoplasmic domain are from a second influenza 

strain, wherein the segment comprises: 

a) 	adenine in the position corresponding to nucleotide 13 of SEQ ID NO: 16; and/or 

15 b) adenine in the position corresponding to nucleotide 35 of SEQ ID NO: 16; and/or 

c) adenine in the position corresponding to nucleotide 60 of SEQ ID NO: 16; and/or 

d) adenine in the position corresponding to nucleotide 63 of SEQ ID NO: 16; and/or 

e) adenine in the position corresponding to nucleotide 65 of SEQ ID NO: 16; and/or 

f) cytosine in the position corresponding to nucleotide 67 of SEQ ID NO: 16; and/or 

20 g) adenine in the position corresponding to nucleotide 69 of SEQ ID NO: 16; and/or 

h) adenine in the position corresponding to nucleotide 75 of SEQ ID NO: 16; and/or 

i) thymine in the position corresponding to nucleotide 83 of SEQ ID NO: 16; and/or 

j) guanine in the position corresponding to nucleotide 89 of SEQ ID NO: 16; and/or 

k) adenine in the position corresponding to nucleotide 101 of SEQ ID NO: 16; and/or 

25 1) 	thymine in the position corresponding to nucleotide 107 of SEQ ID NO: 16; and/or 

m) thymine in the position corresponding to nucleotide 110 of SEQ ID NO: 16; and/or 

n) guanine in the position corresponding to nucleotide 120 of SEQ ID NO: 16; and/or 

o) cytosine in the position corresponding to nucleotide 121 of SEQ ID NO: 16; and/or 

p) thymine in the position corresponding to nucleotide 125 of SEQ ID NO: 16; and/pr 

30 q) thymine in the position corresponding to nucleotide 127 of SEQ ID NO: 16; 

when aligned to SEQ ID NO: 16 using a pairwise alignment algorithm. 

13. The chimeric neuraminidase segment of claim 12, wherein the segment comprises all of the 

nucleotides of (a) to (q). 
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non-coding region, the transmembrane domain and the cytoplasmic domain are from a second 
influenza strain which is not A/Puerto Rico/8/34 or A/WSN/33. 

11. A chimeric influenza neuraminidase segment having an ectodomain, a 5'- non-coding region, a 
3'- non-coding region, a transmembrane domain and a cytoplasmic domain wherein the 

5 ectodomain is from a first influenza strain and the 5'- non-coding region, the 3'- non-coding 
region, the transmembrane domain and the cytoplasmic domain are from a second influenza 
strain wherein the first and the second influenza strain are both influenza A strains or both 
influenza B strains. 

12. A chimeric neuraminidase segment having an ectodomain, a 5'- non-coding region, a 3'- non-
10 coding region, a transmembrane domain and a cytoplasmic domain, wherein the ectodomain is 

from a first influenza strain and one or more of the 5'- non-coding region, the 3'- non-coding 
region, the transmembrane domain and the cytoplasmic domain are from a second influenza 
strain, wherein the segment comprises: 

a) adenine in the position corresponding to nucleotide 13 of SEQ ID NO: 16; and/or 

15 b) adenine in the position corresponding to nucleotide 35 of SEQ ID NO: 16; and/or 

c) adenine in the position corresponding to nucleotide 60 of SEQ ID NO: 16; and/or 

d) adenine in the position corresponding to nucleotide 63 of SEQ ID NO: 16; and/or 

e) adenine in the position corresponding to nucleotide 65 of SEQ ID NO: 16; and/or 

f) cytosine in the position corresponding to nucleotide 67 of SEQ ID NO: 16; and/or 

20 g) adenine in the position corresponding to nucleotide 69 of SEQ ID NO: 16; and/or 

h) adenine in the position corresponding to nucleotide 75 of SEQ ID NO: 16; and/or 

i) thymine in the position corresponding to nucleotide 83 of SEQ ID NO: 16; and/or 

j) guanine in the position corresponding to nucleotide 89 of SEQ ID NO: 16; and/or 

k) adenine in the position corresponding to nucleotide 101 of SEQ ID NO: 16; and/or 

25 1) thymine in the position corresponding to nucleotide 107 of SEQ ID NO: 16; and/or 

m) thymine in the position corresponding to nucleotide 110 of SEQ ID NO: 16; and/or 

n) guanine in the position corresponding to nucleotide 120 of SEQ ID NO: 16; and/or 

o) cytosine in the position corresponding to nucleotide 121 of SEQ ID NO: 16; and/or 

p) thymine in the position corresponding to nucleotide 125 of SEQ ID NO: 16; and/pr 

30 q) thymine in the position corresponding to nucleotide 127 of SEQ ID NO: 16; 

when aligned to SEQ ID NO: 16 using a pairwise alignment algorithm. 

13. The chimeric neuraminidase segment of claim 12, wherein the segment comprises all of the 
nucleotides of (a) to (q). 
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14.  The chimeric neuraminidase segment of any one of claims 10 to 13, comprising one or more of 

the 5'- NCR domain of SEQ ID NO: 110; and/or the CT domain of SEQ ID NO: 111; and/or the 

TM domain of SEQ ID NO: 112; and/or the 3'- NCR of SEQ ID NO: 113. 

15.  The chimeric neuraminidase segment of any one of claims 10 to 14 wherein the 5'- non-coding 

5 region, the 3'- non-coding region, the transmembrane domain and the cytoplasmic domain are all 

from the second influenza strain. 

16.  The chimeric hemagglutinin segment or the chimeric neuraminidase segment of any preceding 

claim wherein the second influenza strain is a H1 influenza strain. 

17.  A chimeric hemagglutinin protein encoded by the chimeric hemagglutinin segment of any one of 

10 claims 1 to 9, or a chimeric neuraminidase protein encoded by the chimeric neuraminidase 

segment of any of claims 10 to 16. 

18.  A reassortant influenza virus comprising the chimeric hemagglutinin segment and/or the 

chimeric neuraminidase segment of any one of claims 1 to 17. 

19.  The reassortant influenza virus of claim 18, wherein all of the backbone segments are from an 

15 influenza strain selected from the group consisting of 105p30 and PR8-X. 

20.  A reassortant influenza virus comprising: 

a) a chimeric hemagglutinin protein having an ectodomain, a 5'- non-coding region, a 3' - 

non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 

wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 

20 region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 

cytoplasmic domain are from a second influenza strain; and/or a chimeric neuraminidase 

protein having an ectodomain, a 5'- non-coding region, 	a 3'- non-coding region, a 

transmembrane domain and a cytoplasmic domain wherein the ectodomain is from a first 

influenza strain and one or more of the non-coding regions, the cytoplasmic domain, and the 

25 transmembrane domain are from a second influenza strain; and 

b) one or more of: 

i. backbone segments from two or more different donor strains 

ii. backbone segments from two or more donor strains, wherein the PB1 and the PB2 

segments are from the same donor strain; 

30 iii. backbone segments from two or three donor strains, wherein each donor strain provides 

more than one backbone segment; 

iv. backbone segments from two or more donor strains, wherein the PB1 segment is not from 

the A/Texas/1/77 influenza strain; 

v. backbone segments from two or more donor strains, wherein at least the PA, NP, or M 

35 segment are not from A/Puerto Rico/8/34; 
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14. The chimeric neuraminidase segment of any one of claims 10 to 13, comprising one or more of 
the 5'- NCR domain of SEQ ID NO: 110; and/or the CT domain of SEQ ID NO: 111; and/or the 
TM domain of SEQ ID NO: 112; and/or the 3'-NCR of SEQ ID NO: 113. 

15. The chimeric neuraminidase segment of any one of claims 10 to 14 wherein the 5'- non-coding 
region, the 3'- non-coding region, the transmembrane domain and the cytoplasmic domain are all 
from the second influenza strain. 

16. The chimeric hemagglutinin segment or the chimeric neuraminidase segment of any preceding 
claim wherein the second influenza strain is a HI influenza strain. 

17. A chimeric hemagglutinin protein encoded by the chimeric hemagglutinin segment of any one of 
claims 1 to 9, or a chimeric neuraminidase protein encoded by the chimeric neuraminidase 
segment of any of claims 10 to 16. 

18. A reassortant influenza virus comprising the chimeric hemagglutinin segment and/or the 
chimeric neuraminidase segment of any one of claims 1 to 17. 

19. The reassortant influenza virus of claim 18, wherein all of the backbone segments are from an 
influenza strain selected from the group consisting of 105p30 and PR8-X. 

20. A reassortant influenza virus comprising: 

a) a chimeric hemagglutinin protein having an ectodomain, a 5'- non-coding region, a 3'-
non-coding region, a signal peptide, a transmembrane domain and a cytoplasmic domain 
wherein the ectodomain is from a first influenza strain and one or more of the 5'- non-coding 
region, the 3'- non-coding region, the signal peptide, the transmembrane domain and the 
cytoplasmic domain are from a second influenza strain; and/or a chimeric neuraminidase 
protein having an ectodomain, a 5'- non-coding region, a 3'- non-coding region, a 
transmembrane domain and a cytoplasmic domain wherein the ectodomain is from a first 
influenza strain and one or more of the non-coding regions, the cytoplasmic domain, and the 
transmembrane domain are from a second influenza strain; and 

b) one or more of: 

i. backbone segments from two or more different donor strains 
ii. backbone segments from two or more donor strains, wherein the PBl and the PB2 

segments are from the same donor strain; 
iii. backbone segments from two or three donor strains, wherein each donor strain provides 

more than one backbone segment; 
iv. backbone segments from two or more donor strains, wherein the PBl segment is not from 

the A/Texas/1/77 influenza strain; 
v. backbone segments from two or more donor strains, wherein at least the PA, NP, or M 

segment are not from A/Puerto Rico/8/34; 
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vi. backbone segments from two or more donor strains, wherein the HA segment and the PB1 

segment are from different influenza A strains with the same influenza virus HA subtype. 

vii. backbone segments from two or more donor strains, wherein the HA segment and the PB1 

segment are from different influenza A strains with the same influenza virus HA subtype. 

5 	21. The reassortant influenza virus of claim 20 wherein the 5'- non-coding region, the 3'- non-coding 

region, the signal peptide, the transmembrane domain and the cytoplasmic domain of the 

chimeric hemagglutinin are all from the second influenza strain, and/or wherein the 5'- non-

coding region, the 3'- non-coding region, the transmembrane domain and the cytoplasmic 

domain of the chimeric neuraminidase protein are all from the second influenza strain. 

10 	22. The reassortant influenza virus of any one of claims 18 to 21, wherein the second influenza strain 

is selected from the group consisting of 105p30 and PR8-X. 

23.  The reassortant influenza virus of any one of claims 18 to 22, wherein the reassortant influenza 

virus comprises a M genome segment which has lysine in the position corresponding to amino 

acid 95 of SEQ ID NO: 33 when aligned to SEQ ID NO: 33 using a pairwise alignment 

15 algorithm. 

24.  The reassortant influenza virus of any one of claims 18, or 20 to 23, wherein the influenza virus 

comprises at least one backbone viral segment from a donor strain selected from the group 

consisting of 105p30 and PR8-X. 

25.  The reassortant influenza virus of claim 24 wherein the at least one backbone viral segment has a 

20 sequence having at least 95% identity, at least 96% identity, at least 97% identity, at least 98% 

identity, at least 99% identity or 100% identity with a sequence selected from the group 

consisting of SEQ ID NOs 9-14 or SEQ ID NOs 17-22 

26.  The reassortant influenza virus of claim 24 or claim 25 wherein the at least one backbone viral 

segment has the sequence of SEQ ID NO: 17 or SEQ ID NO: 20. 

25 	27. The reassortant influenza virus of claim 24 or claim 25, wherein the PB1 and PB2 viral segments 

have at least 95% identity, at least 96% identity, at least 97% identity, at least 98% identity, at 

least 99% identity or 100% identity with the sequences of SEQ ID NOs: 18 and 19. 

28.  The reassortant influenza virus of claim 27, wherein the virus further comprises a viral segment 

having at least 95% identity with a sequence selected from the group consisting of SEQ ID NOs 

30 17-22. 

29.  The reassortant influenza virus of claim 25, wherein the virus comprises all the segments of SEQ 

ID NOs 9 to 14. 

30.  The reassortant influenza virus of claim 25, wherein the virus comprises the PA segment of SEQ 

ID NO: 9, the M segment of SEQ ID NO: 13, the NS segment of SEQ ID NO: 14, the PB1 
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vi. backbone segments from two or more donor strains, wherein the HA segment and the PBl 
segment are from different influenza A strains with the same influenza virus HA subtype. 

vii. backbone segments from two or more donor strains, wherein the HA segment and the PBl 
segment are from different influenza A strains with the same influenza virus HA subtype. 

5 21. The reassortant influenza virus of claim 20 wherein the 5'- non-coding region, the 3'- non-coding 
region, the signal peptide, the transmembrane domain and the cytoplasmic domain of the 
chimeric hemagglutinin are all from the second influenza strain, and/or wherein the 5'- non-
coding region, the 3'- non-coding region, the transmembrane domain and the cytoplasmic 
domain of the chimeric neuraminidase protein are all from the second influenza strain. 

10 22. The reassortant influenza virus of any one of claims 18 to 21, wherein the second influenza strain 
is selected from the group consisting of 105p30 and PR8-X. 

23. The reassortant influenza virus of any one of claims 18 to 22, wherein the reassortant influenza 
virus comprises a M genome segment which has lysine in the position corresponding to amino 
acid 95 of SEQ ID NO: 33 when aligned to SEQ ID NO: 33 using a pairwise alignment 

15 algorithm. 

24. The reassortant influenza virus of any one of claims 18, or 20 to 23, wherein the influenza virus 
comprises at least one backbone viral segment from a donor strain selected from the group 
consisting of 105p30 and PR8-X. 

25. The reassortant influenza virus of claim 24 wherein the at least one backbone viral segment has a 
20 sequence having at least 95% identity, at least 96% identity, at least 97% identity, at least 98% 

identity, at least 99% identity or 100% identity with a sequence selected from the group 
consisting of SEQ ID NOs 9-14 or SEQ ID NOs 17-22 

26. The reassortant influenza virus of claim 24 or claim 25 wherein the at least one backbone viral 
segment has the sequence of SEQ ID NO: 17 or SEQ ID NO: 20. 

25 27. The reassortant influenza virus of claim 24 or claim 25, wherein the PBl and PB2 viral segments 
have at least 95% identity, at least 96% identity, at least 97% identity, at least 98% identity, at 
least 99% identity or 100% identity with the sequences of SEQ ID NOs: 18 and 19. 

28. The reassortant influenza virus of claim 27, wherein the virus further comprises a viral segment 
having at least 95% identity with a sequence selected from the group consisting of SEQ ID NOs 

30 17-22. 

29. The reassortant influenza virus of claim 25, wherein the virus comprises all the segments of SEQ 
ID NOs 9 to 14. 

30. The reassortant influenza virus of claim 25, wherein the virus comprises the PA segment of SEQ 
ID NO: 9, the M segment of SEQ ID NO: 13, the NS segment of SEQ ID NO: 14, the PBl 
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segment of SEQ ID NO: 18, the PB2 segment of SEQ ID NO: 19, and the NP segment of SEQ 

ID NO: 20. 

31.  The reassortant influenza virus of claim 25, wherein the virus comprises the PA segment of SEQ 

ID NO: 9, the M segment of SEQ ID NO: 13, the NS segment of SEQ ID NO: 14, the PB1 

5 segment of SEQ ID NO: 52, the PB2 segment of SEQ ID NO: 11, and the NP segment of SEQ 

ID NO: 12. 

32.  A method of preparing a reassortant influenza A virus comprising steps of 

(i) 	introducing into a culture host one or more expression construct(s) which encode(s) the 

viral segments required to produce the influenza virus of any one of claims 18 to 28; and 

10 (ii) 	culturing the culture host in order to produce reassortant virus. 

33.  A method of preparing a reassortant influenza virus comprising steps of (a) infecting a culture 

host with the reassortant influenza virus of claims 17-31 or the virus obtained by the method of 

claim 32; (b) culturing the host from step (a) to produce the virus; and optionally (c) purifying 

the virus obtained in step (b). 

15 34.  A method of preparing a vaccine, comprising steps of (a) preparing a virus by the method of 

claim 32 or claim 33; and (b) preparing a vaccine from the virus. 

35.  The method of any one of claims 32 to 34, wherein the culture host is an embryonated hen egg. 

36.  The method of any one of claims 32 to 34, wherein the culture host is a mammalian cell. 

37.  The method of claim 36, wherein the cell is an MDCK, Vero or PerC6 cell. 

20 38.  The method of claim 37, wherein the cell grows adherently. 

39.  The method of claim 37, wherein the cell grows in suspension. 

40.  The method of claim 39, wherein the MDCK cell is of the cell line MDCK 33016 (DSM 

ACC2219). 

41.  The method of any one of claims 34 to 40, wherein step (b) involves inactivating the virus. 

25 42.  The method of any one of claims 34 to 41, wherein the vaccine is a whole virion vaccine. 

43.  The method of any one of claims 34 to 41, wherein the vaccine is a split virion vaccine. 

44.  The method of any one of claims 34 to 41, wherein the vaccine is a surface antigen vaccine. 

45.  The method of any one of claims 34 to 41, wherein the vaccine is a virosomal vaccine. 

46.  The method of any one of claims 34 to 45, wherein the vaccine contains less than lOng of 

30 residual host cell DNA per dose. 

47.  An expression system comprising one or more expression construct(s) encoding the segments of 

the reassortant influenza virus of any one of claims 17 to 31. 
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segment of SEQ ID NO: 18, the PB2 segment of SEQ ID NO: 19, and the NP segment of SEQ 

ID NO: 20. 

31. The reassortant influenza virus of claim 25, wherein the virus comprises the PA segment of SEQ 

ID NO: 9, the M segment of SEQ ID NO: 13, the NS segment of SEQ ID NO: 14, the PBl 

5 segment of SEQ ID NO: 52, the PB2 segment of SEQ ID NO: 11, and the NP segment of SEQ 

ID NO: 12. 

32. A method of preparing a reassortant influenza A virus comprising steps of 

(i) introducing into a culture host one or more expression construct(s) which encode(s) the 

viral segments required to produce the influenza virus of any one of claims 18 to 28; and 

10 (ii) culturing the culture host in order to produce reassortant virus. 

33. A method of preparing a reassortant influenza virus comprising steps of (a) infecting a culture 

host with the reassortant influenza virus of claims 17-31 or the virus obtained by the method of 

claim 32; (b) culturing the host from step (a) to produce the virus; and optionally (c) purifying 

the virus obtained in step (b). 

15 34. A method of preparing a vaccine, comprising steps of (a) preparing a virus by the method of 

claim 32 or claim 33; and (b) preparing a vaccine from the virus. 

35. The method of any one of claims 32 to 34, wherein the culture host is an embryonated hen egg. 

36. The method of any one of claims 32 to 34, wherein the culture host is a mammalian cell. 

37. The method of claim 36, wherein the cell is an MDCK, Vero or PerC6 cell. 

20 38. The method of claim 37, wherein the cell grows adherently. 

39. The method of claim 37, wherein the cell grows in suspension. 

40. The method of claim 39, wherein the MDCK cell is of the cell line MDCK 33016 (DSM 

ACC2219). 

41. The method of any one of claims 34 to 40, wherein step (b) involves inactivating the virus. 

25 42. The method of any one of claims 34 to 41, wherein the vaccine is a whole virion vaccine. 

43. The method of any one of claims 34 to 41, wherein the vaccine is a split virion vaccine. 

44. The method of any one of claims 34 to 41, wherein the vaccine is a surface antigen vaccine. 

45. The method of any one of claims 34 to 41, wherein the vaccine is a virosomal vaccine. 

46. The method of any one of claims 34 to 45, wherein the vaccine contains less than lOng of 

30 residual host cell DNA per dose. 

47. An expression system comprising one or more expression construct(s) encoding the segments of 

the reassortant influenza virus of any one of claims 17 to 31. 
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