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IMPROVED INFLUENZA B VIRUS REPLICATION FOR VACCINE DEVELOPMENT

Crosg-Reference 1o Related Applications

This application claims the benefit of the filing date of U.S. applicalion Serial No. 62/287,400, filed on
February 19, 2018, the disclosure of which is incorporated by reference hearein.
Statement of Government Righis

This invention was made with government support under HHEN272201400008C awarded by the

National Institutes of Health. The government has certain rights in the invention.
Backaground

Influenza B viruses are a major cause of respiratory disease in humans. The ssgmentad natuwre of
the influenza virus genome allows for reassoriment of segments during virus replication in cells infected with
tw or more influenza viruses. The reassoriment of segments, combinad with genetic mutation and drift, can
give rise Lo a myriad of divergent strains of influenza virus over time. The new strains exhibit antigenic
variation in their hemagglutinin (HA} and/or neuraminidase (NA) proteins, and in pariicular the gene coding for
the HA protein has a high rate of variability. The predominant current praclice for the prevention of flu is
vaccination. As the influenza HA profein is the major target antigen for the protective immune regponses of a
host to the virus and is highly variable, the isolation of influenza virus and the identification and
characterization of the HA amtigen in viruses associated with recent outbreaks is important for vaccine
production. Based on prevalence and prediction, a vaceine is designed to stimulate a protective immune
responsea against the predominant and expected influenza virus strains (Park et al., 2004).

There are thres ganeral types of influenza viruses, Type A, Type B and Type C, which are defined by
the absence of serclogical crossreactivity between thelr internal proteins. Influenza Type B viruses are further
classified into two lineages based on antigenic and genetic differences of the glycoprotein HA.

The burden of human infections with influenza A and B viruses is substantial, and the impact of
influenza B virug infections can exceed that of influgnza A virus infeclions in some seasons. Over the past few
gecades, viruses of two influenza B virus lineages (Vicloria and Yamagata) have circulated in humans, and
both lineages are now represenied in influenza vaccines, as recommended by the World Health Organization.
influenza B virus vaccines for hurmans have been available for more than half a century, yel no systematic
efforts have been undertaken to develop high-yield candidates. On the basis of their antigenic properiies,
influenza viruses are divided into three types {influenza A, B, and C); however, only type A and B influenza
viruses cause hurman health concerns. Influenza A viruses are further divided into 18 hemagglutinin (HA, the
major viral antigen) and 11 neuraminidase (NA, the second viral antigen) subtypes that are referred 1o as Hi-
H18 and N1-N11, respectively. Influenza A viruses are responsibie for annual epidemics (caused by
anltigenic escape variants possessing point mutations in the anligenic epitopes of HA) and occasional
pandemics. Pandemics are caused by avian or aviarvhumarn/swine reassoriant influenza viruses that encode
an HA protein {o which humans lack proteciive immune responses. The epidemiology of influenza B viruses
giffers from that of influenza A viruses. Influenza B viruses primarily circulate in humans and do not cause
pandemics. Neveriheless, the impact of influenza B virus infections on influenza-relaled morbidily and

moriality is substantial and has exceeded that of influenza A viruses in some seasons (Paui-Glezen et al,
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2013; Tafalla et al., 2016; van de Sandt et al,, 2015). Uniil 1983, only one influenza B virus lincage was
circulating in humans. Since then, two lineages (Victoria, named after B/Vicloria/2/1987, and Yamagata,
named after B/Yamagaia/16/1988) can be distinguished genetically and antigenically on the basis of their HA
(Paul-Glezen et al., 2013; van de Sandt et al., 2015; Rota et al., 1990). Until 2000, one of these two lineages
tended 10 dominale each season; however, since 2001 both influenza B virug lineages have been
cocirculating in human populations each vear {Belshe, 2010; Belshs et al., 2010}

Until recently, most influenza vaccines were trivalent: that is, they were comprised of influenza A
straing of the HIN1 and H3N2 subtypes, and an influenza B virus strain. Two studies demonsiraied that the
recommended influenza B vaccine strain malched the dominant strain of the particular influenza season only
half the time (Belshe, 2010; Ambrose et al., 2010). On the basis of these findings and the continuing
cocirculation of Yamagata- and Victoria-lineage viruses, in 2012 theWoaorld Health Organization (WHO)
recommended including influenza B viruses of both lineages in human influenza vaccines. Accordingly, most
seasonal influenza vaccines are now quadrivalent.

Many influenza vaccines are generated by combining the HA and NA viral RNA (vBNA) segments of
WHO-recommended vaccine sirains with the remaining six vRNA segments of a “backbone” strain. For live
attenuated influenza A and B vaccine viruses, virus backbones were developed in the 1860s (Maassab,
1969). Many inactivated influenza A virus vaccines are based on the A/Puerto Rico/8/34 (H1N1; PR8) virus
backbone, which was selected because of its efficient replication in embryonated chicken eggs. For
inactivated influenza B vaccines, the B/lLee/d0, B/Panama/45/90, or wild-type strains have been used as
backbones (www.who.int/influenzaiaccines/virus/recommendations/summary_b_vic_cvv_nhi1516.pdf).

Summary

The present inveniion relales {o several mutations in the ‘internal’ genes of influenza B virus, as well
as several mutations in the viral glycoproteing HA and NA of influenza B viruses, that enhance viral titers
and/or HA vields in culiurad cells and may also snhance viral titers and/or HA yialds in embryonated chicken
egus. The exemplary reassortant or recombinant parental influenza B viruses represent the two major
influenza B virus lineages {i.e., the B/NVictoria’ and '‘B/Yamagata' lineages). Virus libraries were generated for
each lingage, which libraries were then passaged in selecied cells, and mutations were identified that
enhanced virgl growth. The use of one or more of these mutations in vaccine virus master sirains {where the
internal viral genes, the "backbone,” are used with selected HA and NA, g.g., those of circulating strains or
predicted to be circulgling straing), resuit in higher virus titers in virus cultured in celis in vitro and/or
embryonated chicken eggs, aliowing more efficient influenza B virus growth, and more rapid and cost-
effective vaccine production.

Several strategies may be employed (including random mutagenesis and the comprehensive {esting
of growth-enhancing mutations} to develop influenza B viruses, e.g., based on reassortart or recombinant
B/Yamagata- and B/Victoria-viruses, with snhanced properties, 8.q., viruses that replicate 1o high titers, e.g.,
10% PFU/mL or more, e.g., 5 x 108, 107, 5 x 10% or 100 PFU/mL in cultured cells and/or embryonaied chicken
200s. As discugsed herein, a number of growth-enhancing mutations {(both amino acid and non-coding

nucleotide substifutions) were identifiad thal increase the yield of influenza B viruses. individual growth-
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enhancing amino acid residues in an influenza B virus polypeptide or in non-coding nuclectide sequence(s) in
an influenza B virus segment, may be combined with one or more other growth-enhancing residues in the
same influenza virus polypeptide or non-cading nuclectides in the same viral segment(s}, or with one or more
other growth-enhancing residues and/or nucleolide substitution(s) in other influenza virus polypeptide(s) or
viral segment{s), respectively, e.g., growth-enhancing nucleotides in promoter seguences or in nuclectides
between promoter sequences and an open reading frame. In particular, virus libraries possessing random
mutaiions in the six "infernal” influenza B viral RNA segmenis {fhose not encoding the major viral antigens,
hemaggiutinin (HA) and neuraminidase NA)) were screend for mutants thal confer efficient replication.
Candidate viruses that supported high yvield in celi culture were tested with the HA and NA genes of eight
differant virusas of the Vicioria and Yamagaia lineages. Combinations of mutations that increased the titers of
candidate vaccine viruses in mammalian celis used for human influenza vaccine virus propagation were
identified and used in embryonated chicken aggs, the most common propagalion system for influenza
viruses, were identified. These influenza B virus vaccine backbones can be used for improved vaceine virus
production.

For example, one or more growth-enhancing residues in a NP prolein, forinstance, 1, 2, 3, or 4 or
more, growth-enhancing residues in NP, 1, 2, 3, or 4 or more, growth-erthancing residues in a M protein (such
as 1, 2, 3, or 4 growth-enhancing residues in BM2 or 1, 2, 3, or 4 growth-enhancing residuss in M1), 1, 2, 3,
or 4 or mare growth-enhancing residues in PA, or 1, 2, 3, or 4 growth-enhancing residues in NS1, or growth-
enhancing nucleolides in viral non-coding sequences of NP, PA, NS, or in other viral segments, may be
combined when preparing influenza B viruses, e.g., for a vaccine, 1o enhance viral titers. In one embodiment,
growth-enhancing nuclectides in non-coding sequences may be introduced {0 a viral sagmant, or whan
present in a viral segment may be selected for inclusion in an influenza B virus. In one embodiment, one or
more, 2.9, 1, 2, 3, 4 or 5 or more growth-enhancing residuss in HA and/or in NA may be introduced into, or
when present in a HA or NA selected for inclusion in, g HA viral segment or a NA viral segment in an
influenza virus. In one embodiment, the one or more growth-enhancing residues may enhance viral growth
by atleast 1.2, 2,2.8,4, 3,5, 6,8, 10, 100, or 200 fold or more.

In one embodiment, this disclosure provides isolaled recombinant, e.g., reassoriant, influenza B
viruses with selected amino acid residues at one or more specified positions {including those described
herein) in one or more viral segments for PA, PB1, PB2, NP, M (encoding M1 and BM2 proteing), and/or NS
{encoding NS1 and NS2 proteing), e.g., in selected amino acid residues at specified positions of, for exampile,
M1 and BM2; M1, BM2, and NS1; NP, M1 and NS1; NP, M1 and BM2; NP and M1; NP, M1 and NS1; BM2
and N&1; BM2, NS1 and PA; M1, BM2 and PA; M1, BM2, NP and PA; and optionally also including growth-
enhancing non-coding nuclectide substitution{s}, and in one embodiment, including HA and NA
genes/proteins of interest, e.g., from annual and pandemic straing, or HA and NA viral segments with selecled
aming acid residues described herein, which viruses are produced maore efficiently and cost-effectively via cell
culture (in MDCK or Vero cells) or in embryonated chicken eggs.

in one embodiment, the reassortant or recombinant influenza B virus has an amino acid residue at
position 28, 40, 51, 52, 57, 204, and/or 343, in NP, and/or a nucleotide other than ¢ at position 500 in NP
vRNA, or any combination thereof, thatl results in enhanced growth in celis including MDOK cells, Vero cells

(98]
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and/or eggs relative 1o a corregponding virus with, for instance, an alanine, proline, proline, glutamic acid,
sering, methioning or proline at position 28, 40, 51, 52, 57, 204 and 343, respeclively, in NP, i.e., the residue
at position 28, 40, 51, 52, 57, 204 or 343, respectively, in the NP gsegment in the recombinant influenza B
virus is nol an alanine, proline, proline, glutamic acid, serine, methionine or proline but is a residue that is
correlated with enhanced replication in MDCK cells, Vero cells or eggs. The recombinant virus may also
optionally include other selected amino acid residues at one or more specified positions in one or more of M1,
BM2, PA, PB2, and/or N51, such as those described herein, and optionally PB1. In one embodiment, the
recombinant influenza B virus has an amino acid residue at position 28, 40, 51, 52, 57, 204, and/or 343 in NP
that resulls in enhanced interaction with one or more host proteins in MDCK cells, Vero cells or eggs relative
to a corresponding virus with, for instance, alanine, proline, proline, glulamic acid, serine, methionine or
profine at position 28, 40, 51, 52, 57, 204, and/or 343, respectively, in NP.  In one embodiment, the
recombinant influenza B virus has growth-enhancing residues in NP including but not limited {0 a residue
other than alanine at position 28, other than proling at position 40, other than proline al position 51, other than
glutamic acid at position 52, other than serine at position 57, other than methioning at position 204, andfor
siher than proline al position 343, and/or a nuclaotide other than g at nuclectide position 1795 (italics
indicates a nucleotide; position is relative to positive sense cRNA), or any combination thereof. In one
embodiment, the recombinant influenza B virus has threonine at posilion 28, serine al posilion 40, giutamineg
at position 51, lysine at position 52, glycine at position 57, threonine at position 214, and/or threonine at
position 343 in NP, nuclectide a at nuclectide position 1795,and/or nuclestide t at nuclectide position 500 in
NP vERINA, or any combination thereof, as well as optionally selected amino acid residues at one or more
specifiad positions in M, PA, PB1, PB2, and/or NS viral segmenis.

in one embodiment, the reassortant or recombinant influenza B virus has an amino acid residue at
position 34, 54, 77, 86, and/or 87 in M1 that resulls in enhanced growth in cells including MDCK cells, Vero
cells or eggs relative to a corresponding virus with, for instance, glycine, aspartic acid, arginine, methionine or
iscleucine at position 34, B4, 77, 88, or 97, respectively, in M1, i.e., the residue at position 34, 54, 77, 88, or
87, respectively, in M1 in the M segment in the recombinant influenza virus is not glycine, aspartic acid,
arginine, methionine or isoleucine but is a residue thal is correlated with enhanced replication in MDCK cells,
Vero cells or eggs. The recombinant virus may also optionally include selected aming acid residues at one or
maore specified positions PA, BM2, PB2, NP, and/or N31, such as those described herein, and optionally PB1.
in one embodiment, the recombinant influenza B virus has an aming acid residue at position 34, 54, 77, 86,
and/or 97 in M1 that results in enhanced interaction with ane or more host proteins in MDCK cells, Vero cells
or eggs relative to a corresponding virus with, for instance, glycine, aspartic acid, argining, methionine or
isoleucine at position 34, b4, 77, 86, or 97, respectively, in M1. In one embodiment, the recombinant
influenza B virus has a valine or asparagine, glvcine, lysine, threonine or asparagine at posilion 34, 54, 77,
86, or 97, regpectively, in M1 as well as optionally selected amino acid residues at one or more specified
positions NP, PA, PB1, PB2, and/or NS.

in one embodiment, the reassortant or recombinant influenza B virus has an amino acid residue at
position 26, position 27, position 58, gr position 80 in BM2 that resulls in enhancad growth in cells including
MDCK celis, Vero ceils or 2ggs relalive {0 g corresponding virus with, for instance, glycine, histidine, histidine
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or arginine, at residue 26, 27, 58 or 80, respectively, in BM2. The recombinant virus may also optionally
include as selected amino acid residues at one or more specified positions NS1, PA, NP, PB2, and/or M1
which are described herein. In ane embodiment, the residue in BM2 at position 26 is arginine, at position 27
is arginine, position 58 is arginine, or position 80 is glycine.

in one embodiment, the reassortant or recombinant influenza B virus has an amino acid residue other
than tyrosine ai position 42, other than methionine at position 117, other than lysine at position 176, and/or
other than serine af position 252, a nuclectide other than a at position 39, a nucleotide insertion after position
38, or any combination thereof, in N81 thal resulls in enhanced growth in cells including MDCK cells, Vero
cells or eggs relative to a corresponding virus with, for instance, tyrosine at position 42, methionine at position
117, lysine at position 176, sering ai position 252, or an a at position 38. The recombinant virus may also
optionally include selected amine acid residues at one or more specified positions PA, PB2, BM2, NP, and/or
M1, e.g., those which are described herein, and optionally PB1. In one embodiment, the recombinant
influenza virus has asparaging at position 42, tyrosineg at position 117, glutamine at position 1786, thregnine at
position 252, a g at nucleotide position 39, an additional g after nucleoctide position 38, or any combination
thereof, in N&1, and optionally selected amino acid residues al one or more specified positions PA, PB2,
BM2, NP, and/or M1 which are described herein.

In one embodiment, the reassortant or recombinant influenza B virus has an amine acid residue in PA
other than tyrosine at position 387, other than valine at position 434, other than agpartic acid at position 484,
other than threonine at position 524, and/or a nucleotide other than a at position 2272, a nucleotide other than
g at position 2213, a nuclectide other than a at position 1408, and/or a nucleotide other than ¢ at position
1445 in PA vRBNA, or any combination thereof, that results in enhanced growth in cells including MDCOK cellg,
Vero cells or eggs relative to a corresponding virus with, for instance, tyrosine at position 387, valine at
position 434, aspartic acid ai position 494, threonine at position 524, and/or a nucleotide g at position 2272, g
at position 2213, a at position 1408, or ¢ al position 1445, or any combination thereol. The recombinant virus
may alsg optionally include sslacted amino acid residues al one or more specified positions N51, BM2, NP,
PB2, and/or M1, e.g., those which are described herein, and optionally PB1. In one embodiment, the
recombinant influenza virus has histidine at position 387, alanine al position 434, or asparagine at position
494, alanine at position 534 in PA, and/or § af position 2272, a al position 2213, g al position 1408, and/or [ al
position 1445 in PA vRNA, or any combination thereof.

In one embodiment, the reassortant or recombinant influenza B virus has an aming acid residue in
PB2 other than asparagine at position 16 that resulis in enhanced growth in cells including MDCK cells, Vero
cells or egas relative to a corresponding virus with, for instance, asparagine at position 16. The recombinant
virus may also optionally include selected amino acid residues at one or more specified positions PA, NS1,
BM2, NP, and/or M1, e.g., those which are described herein, and optionally PB1. In one embodiment, the
recombinant influenza virus has serine at position 16 in PB2.

In one embodiment, the reassortant or recombinant influenza B virus has an amino acid residue in
HA1 other than threonine at position 34, other than arginine at posiion 98, other than lysine at position 129,
other than asparagine at position 168, other than asparagine al position 194, and/or other than threonine at
position 196, and/or in HA2 a residue other than lysine at position 39, other than serine at position 58, other
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than lysine at position 61, or other than aspartic acid at position 112, or any combination thereof, that resulis
in enhanced growth in cells including MDCK cells, Vero cells or eggs relative o a corresponding virus with, for
instance, in HA1 threonine at position 34, arginine at position 98, lysine at position 129, asparagine at position
168, asparagine at position 194, and/or threonine at position 196, and/or in HAZ lysine at position 39, serine
at position 56, lysine at position 61, aspartic acid af position 112, The recombinant virus may also inciude
salacted amino acid residues at one or more specified positions PA, BM2, PB2, N&1, NP, and/or M1, e.g,,
those which are described herein, and/or PB1. In one embodiment, the recombinant influenza virus has
isoleucine at posilion, 34, glutamic acid at position 128, glutamic acid or aspartic acid at position 188, proling,
alanine, isoleucine or asparagine at position 198, lysine at position 98, aspartic acid at position 194, giycine at
position 39 (in HA2), glycine al posilion 56 {in HA2), asparagine at position 51 (in HAZ}, or glulamic acid al
position 112 {in HA2), or any combination thereof.

in ane embodiment, the reassortant or recombinant influenza B virus has an aming acid residue other
than threonine (T) at position 78, other than arginine (R) at position 102, other than glutamic acid (E) at
position 105, other than proline (P) at position 138, other than asparagine (N} at position 169, other than
giycineg {G} at position 434, other than threonine al position 438, and/or other than aspartic acid (D) at
position 457, or any combination theredf, in NA that results in enhanced growth in celis including MDCK cells,
Vero cells or egos relative to a corresponding virus with, for instance, T al position 78, R al position 102, E at
position 105, P at position 139, N at position 169, G at position 434, T at position 436, and/or I at position
457 in NA, which recombinant virus may also optionally include selected amino acid residues at one or more
specified positions PA, PB2, BM2, NP, NG1, and/or M1, e.g., those which are described herein, PB1. in one
embodiment, the recombinant influenza B virus has methionine (M) at position 78, lysine (K) at position 102,
lysine (K) at position 105, serine (5) at position 139, threonine {T) at position 163, giutamic acid (E) at
position 434, methionine (M) at position 438, and/or asparaging {N) at position 457, or any combination
thereof.

In one embodiment, the invention provides an isolated recombinant reassortant influenza virus having
six “internal” gene segments from a vaccine influenza virus with two or more of the selected amino acid
residues at specified positions described herein, and a NA gens segment selected from a first influgnza virus
isolate, and a HA gene segment from the same isolate or a different isolate.

In one embodiment, the influenza virus of the invention is a recombinant influenza B virus having a
particular amino acid residue at specified positions in one, two, three or more of PA, PB1, PB2, NP, M1
and/or N&1 and having an amino acid seguence with at least 80%, e.g., 90%, 92%, 85%, 97%, 88%, or 89%,
including any integer between 80 and 99, contiguous amino acid seqguence identity {0 a corresponding
polypeptide encoded by one of SEQ D Nos. 1-6 (the internal genes of B/Yamagata/1/73), such as a
polypeptide with other than A al position 28, other than P al position 40, other than P al position 51, other
than E at position 52, ather than § al position 57, other than M at position 204, and/or other than P at position
343, in NP and/or g at position 1795 or £ at position 500 in NP vRNA, or any combination thereof; residue
other than G at position 34, other than [ at position 54, other than R at pasition 77, other than M at position
86, other than | at pasition 97, or any combination thareol, in M1; other than H at position 58, other than R at
position 80, other than H at position 27, other than G at position 26, in BM2, e.g. R at position 58, G at
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position 80, R at position 27, and/or R at position 26 in BM2; other than Y at position 42, other than M at
position 117, other than K at position 1786, and/or other than S at position 252, in SNt and/or a39g, an
additional g after 38, in NS1 vRNA, or any combination thereof; other than N at position 16 in PB2; and/or
other than Y al position 387, other than V at position 434, other than D at position 494, otherthan T at
position 524, in PA and/or 22725, g2213a, al406g, and/or c7445:, in PA vRNA, or any combination thereof.
The residue other than the specified residue may be a conservalive substilution. Conservative amino acid
substitutions refer 1o the interchangeability of residues having similar side chains. For example, a group of
aming acids having aliphatic side chains is glycine, alanine, valine, teucine, and isoleucine; a group of amino
acids having aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparaging and glutamine; a group of aming acids having aromatic side chaing is
chenyialanine, tyrosine and tryplophan; a group of amino acids having basic side chains is lysine, arginine
and histidine; and a group of amino acids having sulfur-containing side chain is cystaine and meathionine. in
one embodiment, conservative aming acid substitution groups are: threonine-valine-leucine-isoleucine-
alanine; phenylalanine-tyrosine; lysine-argining; alanine-valing; giutamic-aspartic; and asparagine-glulamine.
Non-conservative substitutions are also envisioned.

In ane embodiment, the influenza B virus of the invention is a recombinant influenza B virus having a
particular amino acid residue at specified positions in one, two, three or more of PA, NS1, M or NP which
polypeptides have an amino acid sequence with at least 80%, e.g., 80%, 92%, 95%, 97%, 98%, or 99%,
including any integer between 80 and 99, contiguous amino acid sequence identity 1o a corresponding
polypeptide encoded by one of SEQ 1D Nos. 1-6, respectively. In one embodiment, the influenza B virus of
the invention is a recombinant influenza B virus having a particular amino acid residue at specified positions
in one or more of PA, PB1, PBE2, NP, M1 and/or NS1 and an amino acid sequence with at least 80%, e.g.,
90%, 92%, 95%, 97%,898%, or 89%, including any integer between 80 and 99, contigucus amino acid
sequence identity to a corresponding polypeptide encoded by one of SEQ D Nos. 1-6, such as & polypeptide
with a residue that is a conservalive substitution.

Also included are any combination of the selected amino acid residues at specified positions
described herein.

Viral segments for PA, NP, M and/or NS that have the residues at the specified positions may be
combined with viral segment for PB1, a viral segment for PB2, a viral segment for HA, and a viral segment
for NA, o provide the reassorlant vaccine viruses of the invention. In one embodiment, the HA viral segment
in the reassortant virus is heterologous to the viral segments for PA, PB1, PB2, NP, M and NS. inone
embodiment, the NA gene segment in the reassortant virus is helerologous o the viral segmenis for PA, PB1,
PB2, NP, Mand NS. In one embodiment, the HA viral segment in the reassortant virus has viral segmenis for
PA, PB1, PB2, NP, M and NE from one influenza virus isolate or sirain ("parent”), or a variant thereof, e.g.,
one with viral segments encoding influenza virus proteins with at least 85%, 96%, 87%, 98%, 99%, or 99.5%
amino acid sequence identily, or having 1, 2, 5, 10, or 20 subslitutions relative, to sequences in a parent
infiuenza virus isolate or strain. In one embodiment, the parent strain has viral segments with sequences
corrasponding to at least one of SEQ 1D Nos. 1-8, and the recombinant virus has al least one of the viral

segments with at least one of the substitutions in PA, NS, NP or M described herein, and at least one of the
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parerial viral segments. in one embodiment, the HA gene segment in the reassortant virus is a chimeric HA
gene segment, 2.g., a chimera of heterclogous HA ectodomain sequences linked to HA signal peplide
sequences and/or HA transmembrane domain sequences from the HA gene segment of the parent isolate or
strain, or variant thereof. iIn one embodiment, the NA gene segment in the isolated recombinant virusis a
chimeric NA gene segment e.g., a chimera of heterologous NA ectodomain sequences linked to NA
transmembrane domain sequences from the NA gene segment of the parent isolate or strain, or variani
thereof, and/or stalk sequences from the parent isolate or strain, or variant thereof, for instance, chimeras of
influenza B virus NA and influenza A virus NA. In ons embodiment, the NA gene segment in ths isolatad
recombinant virus is g chimeric NA gene segment 2.g., a chimera of helerslogous NA eciodomain seguences
linked to NA transmembrane domain seguences Trom the NA gene segment of the parent isolate or strain, or
variant thereof, and/or stalk seguences from a second isolate or sirain, or variant thereof. Inone
ambadiment, the isolated recombinant virus has a hsterclogous HA gene segment, a heterglogous NA gens
segment, a chimeric HA gene segment, a chimeric NA gene segment, or any combination thereol. The
nucleic acid sequences employed 1o prepare vRNA or cRNA may be ones thal introduce the residues at the
specified positions via recombinant methodology or may be selected as having the residues at the specified
positions.

As described herein, an influenza virus isolate useful as a vaccine virus {e.g., reassortants of
BYamagata/1/73 with viruses of the B/Yamagata- or B/Victoria-lineage) to carry heterclogous gene segments
for NA and/or HA, was serially passaged in MDCK cells, e.g., about 10-12-times although fewer passages
may be employed, {o obtain virus with enhanced replication in those cells. In one embodiment, viruses
obtained afler serial passage which have enhanced replication, have titers that are at least 0.5t 1 or 2 logs
higher than viruses that were not seriaily passaged. in ong embodiment, viruses oblained after serigl
passage had subslitulions in two or more infernal gene segments relalive to the parent virus.

Thus, for vaccine viruses that are to be grown or passaged in cells in cuiture, e.g., MBCK or Vero
calls or eggs, selection of sequences with, or replacement of, the disclosed residues at the gpecified positions
in one or more of PA, BM2, NP, M1 and/or N51, that confer enhanced growth of the virus in cultured cells
when employed with HA and NA sequences of interest, can result in significanily higher viral titers. Thus, the
invention provides a method 1o select for influenza viruses with enhanced replication in cell culture. The
method includes providing cells suitable for influenza vaccine production; serially culiuring one or more
influenza virus isolates in the cells; and isolaling serially cultured virus with enhanced growth relative to the
ane or more isolates prior 1o serial culture. b one embodiment, the cells are canine or primate, e.g., humnan
or monkey, cells.

The invention provides a plurality of influenza virus vectors of the invention, e.g., those useful to
prepare reassoriant viruses including 6:1:1 reassoriants, 6:2 reassoriants and 7:1 reassortants. A 6:1:1
reassoriant within the scope of the present invention is an influenza virus with 8 internal gene segmaents from
a vaccine virus, a NA gens segment from a different {second) viral isolate, and a HA gene segment from a
third isolate; a 6:2 reassortant within the scope of the present invention is an influenza virus with 8 intemnal
gene segments from a vaccine virus, and a NA gene segment and a HA gene segment from a different

{second) viral isolate; and a 711 reassortant within the scope of the present invention is an influenza virus with
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8 internal gene segments and a NA gene segment from a vaccine virus, and a HA gene segment from a
different viral source than the vaccine virus, or an influenza virus with 6 internal gene segments and a HA
gene segment from the vaccine virus, and a NA gene segment is from a different viral source than the
vaccine virus.

in one embodiment of the invention, the plurality includes vectors for vRNA or cRNA production
selected from a vector comprising a promoter operably linked to an influenza virus PA DNA, e.g., cDNA,
linked to a transcription termination sequence, a vector comprising a promoter operably linked to an influenza
virus PB1 DNA, e.g., cDNA, linked to a transcription lermination sequence, a vector comprising a promaoler
operably linked 1o an influenza virug PB2 DNA, e.g., cONA, linked 10 a transcription termination sequence, &
vector comprising a promoter operably linked 1o an influenza virus HA DNA, e.g., cDNA, linked tc a
transcription termingtion sequence, a vector comprising a promoter operably linked {0 an influenza virug NP
DNA, e.g., cDNA, linkad o 8 lranscription terminalion sequance, a vector comprising a promuoter operably
linked to an influenza virus NA DNA e.g., ¢cDNA, linked 1o a transcription termination seguence, a vector
comprising a promoter operably linked (o an influenza virus M DNA, e.g., cDNA, linked to a transcription
terminalion sequence, and a vector comprising a operably linked to an influenza virus NS DNA linked to a
transcription termination sequence. In one embaodiment, the DNAs for vERNA or ¢RNA production of PB1,
FB2, PA, NP, M, and NS, have sequences from an influenza virus thal replicates {o high titers in cultured
mammalian cells such as MDCK cells, Vero cells or PER.CE® cells and also optionally embryonated eggs,
and/or from a vaccing virus, .g., one that does nol cause significant disease in humans. The DNA, e.g.,
cONA, for vENA or cRBNA production of NA may be from any NA, and the DNA for vENA or ¢BNA production
of HA may be from any HA. in ons embadiment, the DNAs for viRNA or ¢RNA produciion may be for an
infiuenza A or C virus. The DNAs for vRNA or ¢RNA production of NA and HA may be from different strains
or isolatas (8:1:1 reassorianis) or from the same strain or isolate (8:2 reassortants), or the NA may be from
the same strain or isolate as that for the internal genes (7:1 reassortant). The plurality also includes vectors
for mRNA production selected frony a vector encoding influenza virus PA, a vecior encoding influenza virus
P21, a vector encoding influenza virus PB2, and a vector encoding influenza virus NP, and optionally ane or
more veciors encoding NP, NS, M, e.g., M1 and BM2, HA or NA. The veclors encoding viral proleins may
further include a transcription termination seguence.

Viruses that may provide the internal genes for reassortants within the scope of the invention include
viruges that have high titers in MDCK cells, e.q., titers of at least about 10° PFU/mL, e.g., at lgsast 10°
PFU/mL, 107 PFU/mL or 108 PFU/mL; high titers in embryonated eggs, e.g., titers of at least about 107
EiDso/mi, e.g., atleast 10° EiDso/mi, 10° EiDse/mL or 10 EfDse/mL; high titers in cells such as MDCK cells,
e.g., titers of at least about 107 PFU/mL, e.g., at least 10° PFU/mL, or high titers in two of more of those host
cells.

In one embodiment, the titers of the reassortant viruses of the invertion in cells such as MDCK celis
or Vero cells may be over 1 log, 2 logs, 3 logs, or greaier, than titers of the corresponding virus without
particular residues at the specified positions.

In one embodiment, the DNAs for the internal genes for PB1, PB2, PA, NP, M, and NS encode
proteins with substantially the same activily as a corresponding polypeptide encoded by one of SEQ D
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NOs:1-6. As used herein, "substantially the same activity" includes an activity that is about 0.1%, 1%, 10%,
30%, 50%, 90%, e.g., up 1o 100% or more, or delectable protein level that is about 80%, 90% or more, the
activity or protein level, respectively, of the corresponding full-length polypeptide. In one embodiment, the
nucleic acid a sequence encoding a polypeplide which is substantially the same as, e.g., having at least 80%,
e.g., 30%, 92%, 95%, 97%,98%, or 99%, including any integer between 80 and 99, contiguous amine acid
saquence identity to, g polypeptide sncoded by one of SEQ 1D NOs:1-6. In ons embodiment, the isolated
andfor purified nucieic acid molecule comprises a nuclectide sequence which is substantially the same as,
2.g., having at least 50%, e.g., 60%, 70%, 80% or 90%, including any integer between 50 and 100, or more
contiguous nucleic acid sequence identity to one of SEQ 1D NOs:1-6 and, in one embodiment, aiso encodes a
polypeptide having at lsast 80%, &.q., 90%, 92%, 95%, B87%,88%, or 89%, including any integer belween 80
and 99, contiguous amino acid sequence identity to a polypeptide encoded by one of SEQ {0 NOs:1-6. In
one smbodimeant, the influenza virus polypaplide has one or more, for instance, 2, 5, 10, 15, 20 or maore,
conservative amino acids substitutions, e.g., conservative substitutions of up to 10% or 20% of 2, 5, 10, 15,
20 or more, of a combination of conservative and non-conservative amino acids substitutions, e.g.,
conservative substitutions of up to 10% or 20% of the residues, or relative 1o a polypeplide encoded by one of
SEC D NOs:1-6, and has a characteristic residue in one or more of PA, PB2, BM2, NP, M1, and/or N51,
relative 1o a polypeplide encoded by one of SEQ 1D NOs:1-68. In one embodiment, the influenza virus
polypeptide has one or more, for instance, 2, 3, 4, 5, 8, 7 or § conservative and/or nonconservative amino
acid substitutions, relative to a polypeptide encoded by one of SEQ 1D NOs:1-6.

The invention thus includes the use of isolated and purified vectors or plasmids, which express or
encode influenza virus proteins, or express or encode influenza vRNA or ¢cBNA, both native and recombinant
vRNA or cRNA. The vectors may comprise influenza cDNA, e.g., influenza A, B or C DNA (see Fields
Virology (Fields et al. {eds.), Lippincott, Williams and Wickens (2008, which is specifically incorporatad by
reference herein). Any suitable promoter or transcription termination sequence may be employed to express
a protein or peplide, e.g., a viral protein or peplide, a prolein or peplide of a nonviral pathogen, or a
therapeutic protein or peptide.

A composition or pluralily of vectors of the invention may also comprise a heterologous gene or open
reading frame of inlerest, e.g., a foreign gene encoding an immunogenic peptide or protein useful as a
vaccing or in gene replacement, for instance, may encade an epitape useful in a cancar therapy or vaccine, or
a peplide or polypeptide useful in gene therapy. When preparing virus, the vector or plasmid comprising the
gene or CONA of interest may substitute for a vector or plasmid for an influenza viral gene or may be in
addition to vectors or plasmids for all influenza viral genes. Thus, ancther embodiment of the invention
comprises a composition or plurality of vectors as described above in which one of the vectors is replaced
wilh, or further comprises, &' influenza virus seguences optionally including %' influenza virus coding
sequences or a portion thereof, linked to a dasired nucleic acid sequence, e.g., a desired cONA, linked 1o 3'
influenza virus sequences oplionally including 3' influenza virus coding sequences or a portion thereof. In
one embodiment, the desired nucleic acid sequence such as a ¢cDNA is in an antisense {antigenomic)

grientation. Tha introduction of such a vectar in conjunction with the other veciors describad above to a host
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cell permissive for influenza virus replication results in recombinant virus comprising vBNA or cRNA
corresponding o the helerologous sequences of the veclor.

The promoter in a vector for vRNA or cRNA production may be a RNA polymerase | promoter, g BENA
polymerase I promoter, a BRNA polymerase li promoter, a T7 promoter, or a T3 promoter, and optionally the
veclior comprises a transcription termination sequence such as a RNA polymerase | transcription termination
saquence, a RNA polymerassa I transcriplion termination sequence, a RNA polymerase H transcription
termination sequence, or a ribozyme. Ribozymes within the scope of the invention include, but are not limited
to, tetrahymena ribozymes, BNase P, hammerhead ribozymes, hairpin ribozymes, hepatilis ribozyme, as well
as synthetic ribozymes. iIn one embodiment, the RNA polymerase § promoler is a human RBNA polymerase |
promaoter.

The promoter or transcriplion termination sequence in a vRNA, cBNA or virus protein expression
vector may be the same or different ralative 1o the promoter or any gther vecior. In one embodiment, the
vector or plasmid which expresses influenza vRNA or cBNA comprises a promoter suilable for expression in
at least one particular host cell, e.g., avian or mammalian host cells such as canine, feline, equine, bovine,
ovine, or primate cells including human cells, or for expression in more than one host.

In one embodiment, at least one vector for vRNA or ¢cRNA comprises a RNA polymerase H promaoter
linked to a ribozyme sequence linked 1o viral coding sequences linked to another ribozyme sequences,
optionally linked to a RNA polymerase Il transcription termination sequence. In one embodiment, at least 2,
€.9.,3, 4,5, 6,7 or 8, vectors for vRNA or ¢cBRNA production comprise a BNA polymerase i promoter, a first
ribozyme sequence, which is 5' to a sequence corresponding to viral sequences including viral coding
saquences, which is 5' to a second ribozyme sequance, which is 5 to a transcription termination ssguence.
Each RNA poiymerase I promoter in each vRNA or cRNA vecior may be the same or different as the RNA
polymerase H promoter in any other vEBNA or cRNA vector. Similarly, each ribozyme sequence in each vRNA
or cRNA vector may be the same or different as the ribozyme sequences in any other vRNA or cRNA vector.
In one embodimant, the ribozymes sequences in a single vector are not the same.

in one embodiment, the invention provides a plurality of influenza virus veciors for a reassoriant,
comprising a vector for vRNA or cRNA production comprising a promoter operably linked to an influenza virus
FA DNA, e.g., cDNA, linked to a transcription termination sequence, & vector for vRNA or ¢RNA production
comprising a promaoter operably linked to an influenza virus PB1 DNA, e.g., cONA, linked to a transcription
termination sequence, a vector for vRNA or cRNA production comprising a promoler operably linked 1o an
influenza virus PB2 DNA, e.g., cDNA, linked to a transcription termination sequence, a vector for vRNA or
cBNA production comprising a promoter operably linked 10 an influenza virus HA DNA, e.g., cONA linked o g
transcription termingtion sequence, a vector for viRNA or ¢RNA production comprising a promoter operably
linked o an influenza virus NP DNA e.g., ¢cDNA, linked to a transcription termination sequence, a vector for
vRNA or cRNA production comprising a promaoler operably linked to an influenza virus NA DNA, e.g., ¢cDNA,
linked to a transcription termination sequence, a vector for vBNA or cRNA production comprising a promotsr
operably linked 10 an influenza virus M BNA, e.g., cDNA, linked to a transcription lermination sequence, and a
vecior for vRNA or cRNA production comprising a promoter operably linked 1o an influenza virus NS DNA,
e.g., cDNA, linked to g transcription termination seguence, wherein the DNAs for PB1, PB2, PA, NP, NG, and
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M are from one or more influenza vaccine seed viruses and contain two or more of the characteristic residues
at the specified position(s); and a vector for mBNA production comprising a promoter operably linkedto a
DNA segment encoding influenza virus PA, a vector for mRBNA production comprising a promoter operably
linked to a DNA segment encoding influenza virus PB1, a vector for mRNA production comprising a promoter
operably linked to a DNA segment encoding influenza virus PB2, and a vector for mRNA production
comprising a promoter operably linked {0 a DNA segment encoding influenza virus NP, and optionally a
vector for mRNA production comprising a promoter operably linked to a DNA segment encoding influenza
virug HA, a vector for mBNA production comprising a promoter operably linked to a DNA segment encoding
infiluenza virus NA, a vector for mRNA production comprising a promoter operably linked 1o a DNA segment
encoding influenza virus M1, a vector for mBNA production comprising a promotler operably linked to a DNA
segment encoding influenza virus BM2, or a vector for mRNA production comprising a promaoter operably
linked to a DNA segment encoding influenza virus N32. In one embodiment, at least one vecior comprises
sequences corresponding 1o those encoding PB1, PB2, PA, NP, M, or NS, or a portion thereof, having
substantially the same activity as a corresponding polypeptide encaded by one of SEQ D NOs:1-6, 2.g., a
sequence encoding a polypeptide with at least 80%, e.g., 85%, 90%, 92%, 95%, 98%, 99% or 100%,
including any integer between 80 and 100, amino acid identity to a polypeptide encoded by one of SEQ 1D
NOs:1-8. Optlionally, two vectors may be employed in place of the vector comprising a promoler operably
linked to an influenza virus M cDNA linked to a transcription termination sequence, e.g., a vector comprising a
promoler operably linked to an influenza virus M1 cDNA linked to a transcription termination sequence and a
vecior comprising a promaoter operably linked to an influenza virus BM2 ¢DNA linked 1o a franscription
termination sequence.

A pluraiity of the vectors of the invention may De physically linked or each vacior may be present on
an individual plasmid or other, e.g., linear, nucleic acid delivery vehicle. In one embodiment, each vRNA or
cRNA production vector is on a separate plasmid. In one embodiment, each mRNA production veciorison a
separate plasmid.

The invention also provides a method 1o prepare influenza virus. The method comprises contacting a
cell with a plurality of the vectors of the invention, e.g., seguentially or simultanecusly, in an amount effective
to vield infectious influenza virus. The invention also inciudes isolating virus from a cell contacted with the
piurahity of vectors. Thus, the invention further provides isolated virus, as well as a host cell contacied with
the plurality of vectors or virus of the invention. In another embodiment, the invention includes contacling the
cell with one or more vectors, either vRNA or ¢RNA or protein production vectors, prior to other vectors, either
vRNA or protein production vectors. In one embaodiment, the promoter for vEBNA or ¢RNA vectors employed in
the method is a RNA polymerase | promoter, a BRNA polymerase H promoter, a RNA polymerase il promaoter,
a T3 promoter or a T7 promoter. In one embodiment, the RNA polymerase | promoter is a human BNA
polymerase | promoter. In one embodiment, each vBNA or cRNA vector employed inthe methodison a
separate plasmid. In one embodiment, the vRNA or cRNA vectors employed in the method are on one
plasmid or on two or three different plasmids. In one embodiment, each mRBNA vector employed in the
method is on a separate plasmid. In one embodiment, the mBRNA vectors for PA, PB1, PB2 and NP

employed in the method are on one plasmid or on two or three different plasmids.
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In one embodiment, the invention provides a method to select for influenza viruses with enhanced
replication in cell culture. The method includes providing cells suitable for influenza vaccine production;
serially culturing one or more influenza virus isolates in the cells; and isolating serially cultured virus with
enhanced growth relalive 1o the one or more isolates prior 1o serial cullure. In one embodiment, the cells are
rodent or primate cells,

The methods of producing virus described herein, which do not require helper virus infection, are
usefui inn viral mulagenesis studies, and in the production of vaccines {e.g., Tor AlDS, influenza, hepalilis B,
hepatilis G, rhinovirus, filoviruses, malaria, herpes, and foot and mouth dissase) and gene therapy veciors
(e.g., for cancer, AlDS, adenosine deaminase, muscular dystrophy, ornithine transcarbamylase deficiency
and cantral nervous syslern tumors). Thus, a virus for use in meadical therapy {(e.g., for a vaccine or gene
therapy) is provided.

The invention also provides isglaled viral polypaplides, and methods of praparing and using
recombinant virus of the invention. The methods include administering o a host organism, e.g., a mammal,
an effective amount of the influenza virus of the invention, e.g., an inactivated virus preparation, optionally in
combination with an adjuvant and/or a carrier, g.g., in an amount effective to prevent or ameliorate infection of
an animal such as a mammal by that virus or an antigenically closely related virus. In one embodiment, the
virus is administered intramuscularly while in another embodiment, the virus is administered intranasally. In
some dosing protocols, ail doses may be administered intramuscularly or intranasally, while in others a
combination of inframuscular and intranasal administration is employed. The vaccine may further contain
other isolates of influenza virus including recombinant influenza virus, other pathogen(s), additional biological
agents or microbial components, g.g., to form a multivalent vaccine. In ong embodiment, intranasal
vaccination, for instance containing with inactivated influenza virus, and a mucosal adjuvant may induce virus-
specific 1gA and neutralizing antibody in the nasopharynx as well as serum 1gG.

The influenza virus of the invertion may emploved with other anti-virals, e.g., amantadine,
rimantadine, and/or neuraminidase inhibitors, e.g., the virus may be administered separately, for instancs,
administerad before and/or after, or in conjunction with, those anti-virals,

Brief Description of the Figures

Figure 1. Nucleolide sequences for B/Yamagala/1/1973 (SEQ ID NOs:1-€, 9, and 10) and amino
acidd sequences for HA (SEGQ D NG:7) and NA (SEQ 1D NG:8).

Figures 2A-B. Overview of library passages in MDCK cells and the identification of high-vield (HY)
candidates (HY(Yam) and HY(Vic)). Yamagata- and Victoria-lineage virus libraries with random rutations in
the indicated vRNAs were passaged twelve times in MDCK cells, or passaged twice, mixed, and passaged
ten more times. Maore than 700 virus plaques were picked for each virus lineage. Based on hemagglutination
and virus titers, the top eight candidales for each lineage were identified in a step-wise selection process.
Testing of combinatorial mutations led {o the selection of RG(Yam) #8 and RG(Vic) #2. The introduction of
additional mutations (identified in virus library screens in Vero cells) resulied in the high-yield vaccine
backbones HY(Yam) and HY(Vic). HA titer, hemaggiutination titer.

Figures 3A-B. Viral tilers (growth kinetics) and hemagglutination (HA) titers for select high-yield
candidates for the B/Yamagata- (A) and B/Victoria- (B) lineages. Viruses possessing high-vield vaccine

-
=)



10

20

30

WO 2017/143236 PCT/US2017/018443

backbones of the Yamagala- (A} and Victoria-lineages (B). Mutations detected in the candidate viruges are
shown in Tables 1 and 2, respeclively. Data were oblained from three independent experiments; shown are
average titers + s.d. Statistical significance was determined by using the linear mixed model (*p<0.05;
*p<0.01); Pvalues are not shown if the titer of the high-yield vaccine candidaie was lower than that of wild-
type virus. The color of the asterisks indicates the comparison of the respective virus with WT virus.

Figures 4A-B. Viral titers and HA titers for regenerated high-yvisld candidales for the B/Yamagata- (A)
and B/Victoria- (B) lineages. Mutations introduced into the Yamagata- (A) and Vicloria-lineage (B} viruses are
shown in Tables 3 and 4, respeciively. Dala were obtained from three independent experiments; shown are
average titers + 8.d. Pvalues were calculated by using the linear mixed model (*p<0.05; *"p<0.01); Pvalues
are not shown if the titer of the high-yield vaccine candidate was lower than that of wild-type virus. The color
of the asterisks indicates the comparison of the respective virus with WT virus,

Figura 5. Chimaric HA and NA consiructs. The ectodomains of the influenza B virus HA {green) and
NA (blue) proleins were inserted between the remaining sequences of the influenza A virus PR8 HA (purple)
and NA (dark orange) vRNAs. Wide bars indicate coding regions; small bars indicate non-coding regions
{(NCRs). 8P, signal peptide; TM, transmembrane domain; CT, cytoplasmic tail.

Figure 6A-B. Growth kinetics and HA fiters of high-yield Yamagata- and Victoria-lineage viruses. (A)
The indicaled Yamagata-lineage wild-type virus was compared with the Yamagata-lineage high-yisld
candidate RG(Yam} #8 (Table 3} and with RG{Yam) #8 possaessing the PA-a2272f mutation; the latier virus
was selected as lead candidate HY{(Yam). (B) The indicaled Victoria-lineage wild-type virus was compared
with the Victoria-lineage high-yield candidate RG(Vic) #2 (Table 4) and with RG(Vic) #2 possessing the PA-
az272t mutation; the lalter virus was selected as lead candidate HY{(Vic). In both sets of experiments, MDCK
ceills were infected in triplicate with the indicaled viruges at an MOl of 0.001 and incubaled at 35°C. At the
indicated lime points, virug and hemaggiutination titers were determined by parforming plague or
hemaggiutination assays, respectivaly. The values presented are the average of three independent
experiments + 5D. P values were calculated by using the linear mixed model ("P < 0.05; P <« 0.01). Red and
biue asterisks indicate the comparison of the respective virus with WT virus; beige asterisks indicate the
comparison betwesn the viruses depicted in red and blue.

Figures 7A-F. Comparison of wild-type and high-vield viruses possessing different HA and NA
vRNAs. Viruses possessing the HA and NA vENAs of the indicated viruses in combination with the intermal
vRNA segments of the respective natural wild-type isolate (WT), or of HY(Yam) (A-C) or HY{Vic) (D-F) {the
viruses indicated by the black graphs possess the eight wild-type vRNA segments of a human influenza B
virus isolate). The values presented are the average of three independent experiments + 8D, P values were
calculated by using the linear mixed modeal described in the Methods section ("P < 0.05; P < 0.01). Red
asterisks indicale the comparison of the respective virus with WT virus.

Figures 8A-D. Exchange of HY(Yam)} and HY(Vic) backbones. (A and B) Comparison of the virus and
hermaggluiination titers of two wild-type Yamagata-lineage viruses with viruses possessing the same HA and
NA vRNAs in combination with the inlernal genes of HY{Yam) or HY(Vic). (C and 1) Comparison of the virus
and hemagglutination fiters of two wild-type Vicloria-lineage viruses with viruses possessing the same HA and

NA vRNAs in combination with the internal genes of HY{Yam) or HY (Vic). The values presented are the
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average of three independent experiments + S0, P values were calculated by using the linear mixed model
(*P < 0.05; ™P < 0.01). Red and blue asterisks indicate the comparison of the respective virus with WT virus;
beige asterisks indicate the comparison betwean the viruses depicted in red and blue.

Figures 8A-F. Comparison of high-vield influenza A and B vaccine virus backbones. (A and B). The
virus yield and hemagglutination titers of: (i) the indicated wild-type viruses; (i) viruses possessing the
indicaled HA and NA vRBNAs in combination with the internal ganes of HY(Yam); and (i) viruses possessing
the indicated type A/B chimeric HA and NA vRNAs in combination with the internal genes of high-yieid
influenza A virus. (C and D), were compared. Similar experiments were carried out for viruses of the Vicloria
lineage. (£ and F) Comparison of the indicated wild-type and hybrid viruses in embryonated chicken eggs.
The values presented are the average of three independent experiments £ SD. The statistical significance
was determined by using the linear mixed mode! (A=), or by two-way ANOVA, followed by Tukey's post hoc
test (E and F) ("P < 0.05; P < 0.01); P values are not shown it the tiler of the high-yield vaccine candidale
was lower than that of wild-type virus. Red and blue aslerisks indicate the comparison of the respective virus
with WT virus; beige asterisks indicate the comparison between the viruses depicted in red and blue.

Figures 10A-B. Evaluation of the tolal viral protein yield and HA content of HY(Yam) and HY{Vi¢)
viruses. A} Comparison of viruses possessing the HA and NA vBNAs of the indicated Yamagata-lineage
viruses in combination with the internal vRNAs of the same natural wild-type virus (WT) or of HY{(Yam). B)
Comparison of viruses possessing the HA and NA vENAs of the indicated Victoria-lineage viruses in
combination with the internal vRNAs of the same wild-type virus (WT) or of HY{Vic). The total viral protein
yield of MDCOK cell-grown, sucrose gradient-purified virus samples is shown (Left and Center). PNGaseF
treatment deglycosylates HA1 and HAZ; this trealment was carried oul because glycosylaled HAZ migrates at
a similar molecular weight asM 1. The HA contenis (Right) were calculated based on the total virgl protein
amounts and the rafalive amounts of HA. The values presentad are the averags of three indepeandent
experiments £ 8D, The stalistical significance was assessed by using one-way ANOVA followed by Dunnelt's
tast, comparing the total viral protein yvield and HA conterd of wild-iype viruses with that of recombinant high-
yield vaccine viruses (P « 0.05;, P < 0.01}.

Figures 11A-F. Virulence of HY{(Yam) and HY(Vic) viruses in mice. A-C) Comparison of a wild-type
Yamagata-lineage virus (B/Massachuselis/2/2012), a virus possessing the B/Massachusetis/2/2012 HA and
NA vRBNAs in combination with the remaining vRNAs of B/Yamagata/1/73 (used for virus library generation),
and a virug possessing the B/Massachuselis/2/2012 HA and NA vRNAs in combinalion with the remaining
vRNAs of HY(Yam). D-F) Comparison of a wild-type Victoria-lineage virus (B/Brisbane/60/2008)}, a virus
possessing the B/Brisbane/60/2008 HA and NA vRNAs in combination with the remaining vRNAs of
B/Yamagata/1/73 (used for virus library generation), and a virus possessing the B/Brishane/60/2008 HA and
NA vEINAs in combination with the remaining vRNAs of HY (Vic). BALB/c mice (five per group) were
inoculated intranasally with 10° pfu of the indicated viruses and monitored daily for body weight changes (A
and [) and survival (B and E). To assess virus replication in mice, 10° pfu of the indicated viruses wers used
to infect 10 additional mice. On days 3 and 6 post-infection, five mice in each group were killed, and lung virus
titers ware determined by use of plagues assays in MDCK celis (C and F). Statistical significance was
assessed by using one-way ANOVA followed by Dunnett's test {*P < 0.05; "P <« §.01}.
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Figures 12A-B. Growth kingtics and hemagglutination titers of single reassortant viruses. A)
Comparison of the parental virus used for Yamagala-lineage virus library generation (B/Yamagata/1/73 with
the HA and NA vRNAs of B/Yokohama/UT-K31/2012) with viruses that also possess an individual vRNA of
HY(Yam)}. B) Comparison of the parental virus used for Victoria-lineage virus library generation {ie.,
B/Yamagata/1/73 with the HA and NA vENAs of B/Yokohama/UT-KT1A/2011) with viruses that also possess
an individual vRNA of HY(Vic). Datg were oblainad from three independent expariments; shown are average
titers + 5D, The values presented are the average of three independent experiments + 30, Statistical
significance was delermined by using the linear mixed model ("P < 0.05; P < 0.01). The color of the
asterisks indicates the comparison of the respective virus with the comparalor virus (depicted in biack)..

Figures 13A-D. Luciferase activity in mini-replicon assay at 35°C. Effect of mutations in the NP
protein or PA and NS vRNAs on viral polymerase activity. 2837 (A} or MDOK (B) ceils were transiected with
profein expression plasmids for the polymerase proleins and wild-type or mutant NP, and with a plasmid
franscribing a virus-like RNA that encodes luciferase. Luciferase aclivity was measured 48 hours laler. In
paraliel, MDCK cells were transfected with the protein expression plasmids described above, and with wild-
type or mulant virus-like BNA encoding luciferase and possessing the indicated mutations in the non-coding
regions of the PA vENA () or NS vRNA (D). Luciferase activity was measured 48 hours later. Data were
obtained from three independent experiments; shown are average titers + s.d. Stalistical significance was
getermined by using one-way ANOVA, followed by Dunnett's test ("p<0.05; “p<0.01).

Figures 14A-B. Contribution of M1 mutalions in HY backbones to HA, NP and M1 VLP incorporation
and composition. 2837 cells were transfected with prolein expression plasmids for HA, NA, NP, BM2, N&2,
and wild-type or mutani M1. Al 48 hours posi-iransfection, cell lysales and VLPs in cell culture supernatants
were Western biotted with anti-HA, anti-NP, and anti-M1 monoclonal antibodies (A). The intensity of the
bands for HA, NP, and M1 was quantified by using ImagedJ software (NIH), and the relalive percentages of
HA, NP, and M1 in VLPs are shown in (B). Dala were oblainad from three independent experiments; shown
are average litars + s.d. Stalistical significance was determined by using one-way ANOVA, followed by
Tukey's post hoc test ("p<0.05; " p<0.01).

Figures 15A-B. Effect of NS1 mutation on IFN aclivity. A) To compare the ability of wild-type and
mutant NS1 1o interfere with IFN-B synthesis, 2837 cells were transfecied with a wild-type or NS1 protein
expression plasmid and with the reporier plasmid pGL-IFN-B, which encodes the firefly luciferase protein
under the control of the IFN-B promoter. Celis were incubaled for 24 hours, infecied with Sendal virus at an
MOI of 5, again incubated for 24 hours, and then lysed to measure firefly luciferase. B) To determine the
ability of wild-type and mulant N51 {0 inferfere with the synthesis of [FN-B-stimulated genes, 2937 cells were
transfected with a wild-type or mutant N&1 protein expression plasmid and with the reporter plasmid pISRE-
Luc (which encodes the firefly luciferase protein under the control of an interferon-reguiated promoter).
Twenty-four hours later, celis were stimulated with human IFN-B. Forty-eight hours after transfection, we
maasured luciferase activity. Data were oblained from three indepandent experiments; shown are average
titers + s.d. Statistical significance was determined by using one-way ANOVA, followed by Tukey's post hoc
test (*p<0.05; **p<0.01}.

Figure 16. Nucieotide seguences for viral segments in select HY clones (PB2 and PB1 from
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Yamagala/1/73; SEQ 1D Nos. 11 and 12); PA from Yamagata/1/73 having al406g/014450822721 (SEQ D
NG:13); NP from Yamagata/1/73 having P40S5, c500f (SEQ D NO:14) or P40S/MR204T, 500t (SEQ D
NGO:15); M from Yamagata/1/73 having R77K (SEQ ID NO:16) or M88T (SEQ 1D NO:17); and NS from
Yarmagaia/1/73 having a39g K176Q (SEQ 1D NO:H8) or 38(+7)g (SEQ 1D NO:19).

Detailed Description

Definitions

As used herein, the term “isolated” refers 1o in vilro preparation and/or isolation of a nucleic acid
molecule, e.g., vector or plasmid, peptide or polypeptide (protein), or virus of the invention, so that it is not
associated with in vivo substances, or is substantially purified from in vitro substances. An isolated virus
preparation is generally obtained by in vifro culture and propagation, and/or via passage in eggs, and is
substantially free from other infectious agenis.

As uged herein, “substantially purified” means the object species is the predominant speciss, 8.g., on
a molar basis it is more abundant than any other individual species in a composition, and preferably is at least
about 80% of the species present, and optionally 90% or greater, e.g., 95%, 98%, 89% or more, of the
species present in the compaosition.

As used herein, “substantially free” means below the level of detection for a particular infactious agent
using standard detection methods for that agent.

A “recombinant” virus is one which has been manipulated in vifro, e.g., using recombinant DNA
technigues, to introduce changes o the viral genome. Reassortant viruses can be prepared by recombinant
or nonrecombinant technigues.

Asg used herein, the term "recombinant nucleic acid” or "recombinant DNA sequence or segment”
refers {0 a nucieic acid, 2.q., to DNA, that has been derived or isoiaied from & source, thal may be
subseguently chemically altered in vitro, so that its sequence is not naturally occurring, or corresponds to
naturally occurring sequences that are not positioned as they would be positioned in the native genome. An
exampla of DNA "derived” from a source, would be a DNA sequence that is identified as a useful fragment,
and which is then chemically synthesized in essentially pure form. An example of such DNA Fisolated” from a
source would be a useful DNA sequence thal is excised or removed from said source by chemical means,
e.g., by the use of restriction endonucieases, so that it can be further manipulated, e.g., amplified, for use in
the invention, by the methodology of genetic engineering.

As used herein, a "heterologous™ influenza virus gene or gene segment is from an influenza virus
source that is different than a majority of the other influenza viral genes or gene segments in a recombinant,
e.g., reassortant, influenza virus.

The terms "isolated polypeptide™, "isolated peptide” or "isolated protain” include a polypeptide,
peptide or protein encoded by ¢DNA or recombinant BRNA including one of synthetic origin, or some
combination thereof.

The term “recombinant protein” or "recombinant polypeplide” as used herein refers to a protein
maolecule expressed from a recombinant DNA molecule. In contrast, the term "native protein” is used herein

to indicate g protein isolated from a naturally occurring (i.e., a nonrecombinant) source. Molecular bictogical
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technigues may be used to produce a recombinant form of a protein with identical properties as compared to
the native form of the prolein.

Meathods of alignment of sequences for comparison are well known inthe art. Thus, the
determination of percent identity between any Iwo seguences can be accomplished using a mathematical
algorithm.

Computer implementations of these mathematical algorithms can be utilized for comparison of
sequences to determine sequence identity. Alignments using these programs can be performed using the
default parameiers. Software for performing BLAST analyses is publicly available through the National
Center for Bictechnology information (hitp//www nebinlm.nih.gov/). The algorithm may involve first identiiving
high scoring sequence pairs (HSPs) by identifying short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score T when aligned with a word of the same length in
a daiabase sequence. T is referrad 10 as the neighborhood word scors threshold. These initial neighborhood
word hils act as seeds for initlaling searches to find longer HSPs confaining them. The word hits are then
exiended in both directions along each sequence for as far as the cumulative alignment score can be
increased. Cumulative scores are calculaled using, for nucleotide sequences, the paramelers M {reward
score for a pair of maiching residues; always > 0} and N (penally score for mismaiching residues; always <
0. For amino acid sequences, a scoring malrix is used to calculate the cumulalive score. Extension of the
word hits in each direction are halted when the cumulative alignment score falls off by the quantity X from its
maximum achieved value, the cumulalive score goes to zero or below dug to the accumulation of one or more
negative-scoring residue alignments, or the end of either sequence is reached.

In addition to calculaling percent sequence identity, the BLAST algorithm may also perform a
statistical analysis of the similarity between two sequences. One measure of similarity provided by the
BLAST algorithm may be the smaliest sum probability (P(N)), which provides an indication of the probability
by which a match between two nucleotide or amino acid sequences would cccur by chance. For example, a
test nucleic acid sequence is considered similar o a reference sequence if the smallest sum probability in a
comparison of the test nucleic acid sequence o the reference nucleic acid sequence is less than about 0.1,
more preferably less than abouti 0.01, and most preferably less than about 0.001.

The BLASTN program (for nucleotide seguences) may use as defaults a wordiength (W) of 11, an
expectation (£} of 10, a cutolf of 100, M=5, N=-4, and & comparison of both strands. For amino acid
sequences, the BLASTP program may use as defaulls a wordiength (W) of 3, an expectation (E) of 10, and
the BLOSUMBS2 scoring maitrix. See hitp/iwww.ncbinimunih.gov, Alignment may alse be performed
manually by inspection.

For sequence comparison, typically one sequence acts as a reference sequence to which test
sequences are compared. When using a seguence comparison algorithm, test and reference sequences are
input into a computer, subseguence coardinates are designated if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculales the percent
sequence identity for the test sequence(s) relative io the reference sequence, based on the designated
program parameters.

influenza B Virus Structure and Propagation
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Influenza B viruses possess a genome of eight single-stranded negative-sense viral ENAs (vENAs)
that encode at least ten proleins. The influenza virus life cycle begins with binding of the hemagglulinin (HA)
to sialic acid-containing recepiors on the surface of the host cell, followed by receptor-mediated endocytosis.
The low pH in late endosomes triggers a conformational shift in the HA, thereby exposing the N-terminus of
the HAZ subunit (the so-called fusion peptide). The fusion peptide initiales the fusion of the viral and
endosomal membrane, and the matrix protein (M1) and RNP complexes are released into the cytoplasm.
RiNPs consist of the nuclecprotein (NP), which encapsidates vRNA, and the viral polymerase complex, which
is formed by the PA, PB1, and PBZ proteins. BRNPs are fransported inio the nucleus, where transcriplion and
repiication take place. The RNA polymerase complex catalyzes three different reactions: synthesis of an
mRBNA with a 5" cap and 3’ polyA structure, of a full-length complementary BNA (cRNA), and of genomic
vRNA using the cRNA as a template. Newly synthesized vRNAs, NP, and polymerase proteins are then
assembiled into RNPs, exported from the nucleus, and frangported to the plasma membrane, where budding
of progeny virus particles occurs. The neuraminidase (NA) protein plays a crucial role late in infeclion by
removing sialic acid from sialyloligosaccharides, thus releasing newly assembled virions from the cell surface
and preventing the self aggregation of virus particles. Although virus assembly involves profein-protein and
protein-vRNA interactions, the nature of these interactions is largely unknown.

influenza B Viruses of the Invention

Mutations that increase the replicative ability of viruses in cell culture and/or embryonated chicken
eqas are useful to amplify influenza viruses and to establish robust influenza vaccine platforms. Currently,
most influenza B vaccines are generated in embryonated chicken eggs. Influenza vaccines generated in
MDCK celis are now approved for human use in the U8, and in Europe, and influenza vaceines derived from
Vero cells are approved for human use in Europe. As described herein, virus libraries possessing random
mutations in the ‘internal’ viral genes {(viral genes except those encoding the viral surface glycoproteins HA
and NA) of a vaccine virus isolate, e.q., internal genes of B/Yamagata/1/73 with NA and HA genes from
B/Yokohama/lUT-K31/2012 {representing Yamagata-lineage) or NA and HA genes from B/Yokohama/UT-
K1A/2011 (representing Victorig-lineage), were generaled and passaged in cells, e.g., MDCK or Vero cells.
Ths identified mutations rasult in higher virus titers in cells (that may also increase virus titers in hetarologous
cells and/or embryonated chicken eggs), allowing more efficient influenza B virus growth and more cost-
effective vaccine production. In addition 1o mutations in the coding regions of the internal viral segments and
viral glycoproteins, mutations in non-coding regions were observed to increase viral titers, e.g., g7795a in the
NP segment, a39g in the NS segment, an additional g after position 38 in the NS segmemt, or g2273a or
a2272tin the PA segment. The resulting coding sequences conferring enhanced growth may be also codon-
usage optimized, e.g., optimized for expression in mammalian cells such as canine cells or primate cells, or
avian cells, e.g., chicken embryos. The mulalions can be used in various combinalions, with results
influenced by the cell line (or egg) in use and the desired level of improvement in the replication of the virus.
One or more selected mutations may be introduced into one or more internal viral genes of a vaccine virus
isolate, or one or more internal viral genes having one or more of the mutations may be selected for inclusion
in a reassortant useful as a vaccine virus. That virus may then be combinad with other virusas, 8.g., ong or

mora influenza A viruses and/or one or more other influenza B viruses, to form a multivalent vaccine.
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Cell Lines That Can Be Used in the Present Invention

Any cell, e.g., any avian or mammalian cell, such as a human, e.g., 2837 or PER.CE® ceils, or
canine, e.g., MDCK, bovine, equine, feline, swine, oving, rodent, for instance mink, e.g., MvLul cells, or
hamster, e.g., CHO cells, or non-human primate, e.g., Vero cells, including mutant celis, which supporis
efficient repiication of influenza virus can be employed o isoiate and/or propagate influenza viruses. isolated
viruses can be used 1o prepare a reassortant virus. I one embodiment, host cells for vaccine production are
continuous mammalian or avian cell lines or cell strains. A complete characterization of the cells to be used,
may be conducted 8o that appropriale tasts for purity of the final product can be included. Data that can be
used for the characterization of a cell includes {(a) information on its origin, derivation, and passage history; (b)
information on its growth and morphological characteristics; (¢} results of tests of adventitious agants; {d)
distinguishing features, such as biochemical, immunological, and cytogenetic patterns which aliow the celis to
be clearly racognized among other cell lines; and (s} resulls of tests Tor tumorigenicity. In one embodimant,
the passage level, or population doubling, of the host cell used is as low as possible.

In one embodiment, the cells are WHO certified, or cerifiable, continuous cell lines. The
requirements for certifying such cell lines include characterization with respect 1o at least one of genealogy,
growth characteristics, immunological markers, virus susceptibility tumorigenicity and storage conditions, as
well as by testing in animals, eggs, and cell culture. Such characterization is used o confirm that the cells are
free from detectable adveniitious agents. In some countries, karyology may also be required. In addition,
tumorigenicity may be tested in cells thal are at the same passage level as those used for vaccine produclion.
The virus may be purified by a process that has been shown to give consistent results, before vaccine
production (see, e.g., World Health Organizalion, 1882).

Virus produced by the host cell may be highly purified prior to vaccine or gene therapy formulation.
Generally, the purification procedures resull in extensive removal of celfular DNA and other celiular
components, and adventitious agents. Procedures that extensively degrade or denature DNA may also be
used.

influenza Vaccines

A vaccine of the invention includes an isolaled recombinant influenza virus of the invantion, and
optionally one or more other isolated viruses including other isolated influenza viruses, one or more
immunogenic proteins or glycoproteins of one or more isolated influenza viruses or one or more other
pathogens, e.g., an immunogenic protein from one or more bacteria, non-influenza viruses, yeast or fungi, or
isolated nucleic acid encoding one or more viral proteins {e.g., DNA vaccings) including one or more
immunogenic profeins of the isolated influenza virus of the invention. In ong embodiment, the influenza
viruses of the invention may be vaccine vectors for influenza virus or other pathogens.

A complete virion vaceine may be concenirated by ultrafiltration and then purified by zonal
centrifugation or by chromatography. Viruses other than the virus of the invention, such as those included in
a multivalent vaccine, may be inactivated before or afier purification using formalin or beta-propiolactone, for
instance.

A subunit vaccine comprises purified glveoproteing. Such a vaccine may be prepared as follows:

using viral suspensions fragmented by treatment with detergent, the surface antigens are purified, by
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ultracentrifugation for example. The subunit vaccines thus contain mainly HA protein, and also NA. The
detergent used may be cationic detergent for example, such as hexadecy! trimethyl ammonium bromide
(Bachmeyer, 1975), an anionic detergent such as ammonium deoxycholate (Laver & Webster, 19768); or a
nonionic detergent such as that commercialized under the name TRITON X100. The hemaggiutinin may also
be isclated afier treatment of the virions with a protease such as bromeding, and then purified. The subunit
vaccing may bs combined with an altenualed virus of the invention in a mullivalant vaccine.

A spiit vaccine comprises virions which have been subjecied o treaiment with agents thal dissolve
lipids. A split vaccine can be prepared as follows: an agueous suspension of the purified virus obtained as
above, inactivated or not, is treated, under stirring, by lipid sclvenis such as ethyl ether or chioroform,
associaled with detergents. The dissolution of the viral envelope lipids resulis in fragmentation of the viral
particles. The agueous phase is recuperated containing the split vaccine, constituted mainly of hemaggiutinin
and neuraminidase with their original lipid environmeni removed, and the core or its degradation products.
Then the residual infectious particles are inactivated if this has not already been done. The split vaccine may
be combined with an attenuated virus of the invention in a multivalent vaccine.

Inaciivaled Vaccines. Inactivated influenza virus vaccines are provided by inactivating replicated

virus using known methads, such as, but not limited to, formalin or B-propioclacione treatment. Inactivated
vaccine types that can be used in the invention can include whole-virus (WV) vaccines or subvirion (8V) {splif)
vaccings. The WY vaccine containg intact, inactivated virus, while the SV vaccine contains purified virus
disrupted with detergents that solubilize the lipid-containing viral envelope, followed by chemical inactivation
of residual virus.

In addition, vacaines that can be used include those containing ths isolatad HA and NA surface
proteing, which are referred 1o as surface antigen or subunit vaccines.,

Live Atlenuated Virus Vaccines. Live, atienuatad influenza virus vaccines, such as those including a

recombinant virus of the invention can be used for praventing or trealing influenza virus infection.  Altenuation
may be achisved in a single step by transfer of altenuated genes from an attenuated donor virus to a
repiicated isolate or reassorted virus according 1o known methods. Since resistance o influenza Avirus is
mediaied primarily by the development of an immune regponse o the HA and/or NA glycoprotsins, the genas
coding for these surface antigens come from the reassorted viruses or clinical isclates. The altenualed genes
are derived from an attenuated parent. In this approach, genes that confer attenuation generally do not code
for the HA and NA glycoproteins.

Viruses (donor influenza viruses) are available that are capabie of reproducibly attenualing influenza
viruses, e.g., a cold adapled {ca) donor virus can be used for altenuated vaccine production. Live, altenualed
reassortant virus vaccines can be generated by mating the ca donor virus with a virulent replicated virus.
Reassortant progeny are then selected at 25°C (resirictive for replication of virulent virus), in the presence of
an approprigte antiserum, which inhibits replication of the viruses bearing the surface antigens of the
attenuated ca donor virus. Useful reassortants are: (a) infectious, (b} attenuated for seronegative non-adult
mammals and immunoiogically primed adult mammals, {¢) immunogenic and (d) genetically stable. The

immunoganicity of the ¢a reassortants parallels their level of replication. Thus, the acquisition of the six
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transferable genes of the ca donor virus by new wild-type viruses has reproducibly attenuated these viruses
for use in vaccinating susceptible mammals both adulis and non-adult.

Other attenuating mutations can be introduced into influenza virus genas by site-directed
mutagenesis to rescue infectious viruses bearing these mulant genes. Altenuating mutations can be
introduced into non-coding regions of the genome, as weil as info coding regions. Such alienuating mutations
can alse be introduced into genes other than the HA or NA, e.g., ths PB2 polymerase gene. Thus, naw donor
viruses can also be generated bearing atienuating mutations introduced by site-directed mutagenesis, and
such new donor viruses can ba used in the production of live altenuated reassortants vaccing candidates in a
manner analogous to that described above for the ca donor virus. Similarly, other known and suitable
atienuated donor sirains can be reassoried with influenza virus o obiain atienuated vaccines suitable for use
in the vaccingtion of mammals.

In gne embodiment, such atienuatsd viruses maintain the genes from the virus that encode antigenic
determinants substantially similar to those of the original clinical isolales. This is because the purpose of the
attenuated vaccine is to provide substantially the same antigenicity as the original clinical isolate of the virus,
while al the same lime lacking pathogenicily 1o the degree that the vaccine causes minimal chance of
inclucing a serious disease condition in the vaccinated mammal.

The viruses in a multivalent vaccine can thus be alienualed or inactivated, formulaled and
administerad, according to known methods, as a vaccine to induce an immune response in an animal, e.g., a
mammal. Methods are well-known in the art for determining whether such attenuated or inactivated vaccines
have maintained similar antigenicity to that of the clinical isolate or high growth strain derived therefrom.
Such known methods include the use of antisera or antibodies to eliminate viruses expressing antigsnic
geterminants of the donor virus; chemical selection (e.g., amantadine or rimantiding); HA and NA aclivity and
inhibition; and nucleic acid screening (such as prabe hybridization or PCR) to confirm that donor ganes
encoding the antigenic determinants {e.g., HA or NA genes) are not present in the altenuated viruses.

Pharmaceutical Composilions

Pharmaceutical compositions of the present invention, suitable for inoculation, e.g., nasal, parenteral
or oral administration, comprise one or more influgnza virus isolales, e.g., one or more allenuated or
inactivaled influenza viruses, a subunit thereof, isolated protein(s) thereof, and/or isolated nucleic acid
encoding one or more proteins thereof, optionally further comprising sterile agueous or NoN-aqueous
solutions, suspensions, and emulsions. The compositions can further comprise auxiliary agents or excipients,
as known in the ant. The composition of the invention is generally presented in the form of individual doses
(unit doses).

Conventional vaccines generally contain about 0.1 to 200 yg, e.g., 30 to 100 ug, of HA from each of
the strains entering into their composition. The vaccine forming the main constituent of the vaceine
composition of the invertion may comprise a single influenza virus, or a combination of influenza viruses, for
example, at least two or three influenza viruses, including one or more reassortani(s).

Preparations for parenteral administration include sterile agueous or non-aquecus solutions,
suspensions, and/or emulsions, which may conlain auxiliary agenis or excipients known in the art. Examples

of non-agueous soivents are propylene giveol, polyethylene glycol, vegetable oils such as olive oil, and
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injectable organic asters such as ethy! oleate. Carriers or occlusive dressings can be used to increase skin
permeability and enhance antigen absorption. Liquid dosage forms for oral administration may generally
comprise a liposome solution containing the liquid dosage form. Suitable forms for suspending liposomes
include emulsions, suspensions, solutions, syrups, and elixirs containing inert diluents commonly used in the
art, such as purified water. Besides the inert diluents, such compaositions can also include adjuvants, wetting
agenis, emulsifying and suspending agents, or sweetening, flavoring, or perfuming agenis.

When a composition of the present invention is used for administration o an individugl, i can further
comprise salts, buffers, adjuvants, or other substances which are desirable for improving the efficacy of the
composition. For vaccines, adjuvants, substances which can augment a specific immune response, can be
used. Normally, the adjuvant and the compasition are mixed prior to presentation to the immune system, or
presented separately, but into the same site of the organism being immunized.

Helerogeneily in a vaccine may be provided by mixing replicated influenza viruses for at least two
influenza virus strains, such as 2-20 strains or any range or value therein. Vaccings can be provided for
variations in a single strain of an influenza virus, using technigues known in the art.

A pharmaceutical composition according 1o the present invention may further or additionally comprise
at least one chemotherapeutic compound, for example, for gene therapy, immunosuppressants, anti-
inflammatory agents or immune enhancers, and for vaccines, chemotherapeutics including, bul not limited {o,
gamma globulin, amantadine, guanidine, hydroxybenzimidazole, interferon-a, inferferon-§, interferon-y, tumor
necrosis factor-alpha, thiosemicarbarzones, methisazone, rifampin, ribavirin, a pyrimidine analog, a purine
analog, foscarnet, phosphonoacetic acid, acyclovir, dideoxynucleosides, a protease inhibitor, or ganciclovir.

The compaosilion can also contain variable but small gquantities of endotoxin-free formaldehyde, and
presery atives, which have been found safe and not contributing o undesirable effects in the organism {o
which the composition is adminisiered.

Pharmaceutical Purposes

The administration of the compaosition {or the antisera thal it eliciis) may be for either a “prophylactic”
or “therapeutic” purpose. When provided prophyiactically, the compositions of the invention which are
vaccines are provided before any symptom or clinical sign of a pathogen infection becomes manifest. The
prophylactic adminisiration of the compaosition serves (o prevent or attenuate any subseguent infection. When
provided prophyiactically, the gene therapy compositions of the invention, are provided before any symptom
or clinical sign of a disease becomes manifest. The prophylactic administration of the composition serves to
prevant or attenuate one or more symptoms or clinical signs associated with the disease.

When provided therapeutically, a viral vaccing is provided upon the delection of a symptom or clinical
sign of actual infection. The therapeutic adminisiration of the compound(s) serves to attenuate any actual
infection. When provided therapeutically, a gene therapy composition is provided upon the detection of a
symptom or clinical sign of the disease. The therapeutic administration of the compound(s) serves io
atienuate a symplom or clinical sign of that disease.

Thus, a vaceine composition of the present invention may be provided either before the onset of

infection {s0 as to prevent or attenuate an anticipatad infection) or after the iniliation of an actual infection.
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Simitarly, for gene therapy, the composition may be provided before any symplom or clinical sign of a disorder
or disease is manifested or after one or more symploms are detected.

A compaosition is said to be “pharmacologically acceptable” if its administration ¢an be tolerated by a
recipient mammal. Such an agent is said to be administered in a “therapeutically effective amount”™ if the
amount administered is physiciogically significant. A composition of the present invention is physiclogically
significant if its presence resulis in a detactable change in the physiology of a recipient patient, e.g., enhances
at least one primary or secondary humaoral or cellular immune response against at least one strain of an
infectious influenza virus.

The “protection” provided need not be absoiute, i.e., the influenza infection need not be totaily
pravented or eradicated, if there is a statistically significant improvement compared with a control population
or set of mammals. Protection may be limited to mitigating the severity or rapidity of onset of symploms or
clinical signs of the influenza virus infection.

Pharmaceutical Administralion

A compaosition of the present invention may confer resistance 1o one or more pathogens, e.g., one or
more influenza virus strains, by either passive immunization or active immunization. In aclive immunization,
an attenuated live vaccine composition is administerad prophylactically to a host (e.g., a mammal), and the
host's immune response o the administration protects against infection and/or disease. For passive
immunization, the elicited antisera can be recovered and administerad 10 a recipient suspected of having an
infection caused by at least one influenza virus strain. A gene therapy composition of the present invention
may yield prophylaciic or therapeutic levels of the desired gene product by active immunization.

In one embodiment, the vaccine is provided o a mammalian female {(at or prior 1o pregnancy or
parturition), under conditions of time and amount sufficient 1o cause the production of an immune regponse
which serves {o prolect both the female and the fetus or newborn {via passiva incorparation of the antibodies
across the placenia or in the mother's milk).

The present invention thus includes methads for preventing or altenualing a disorder or disease, e.g.,
an infection by &t least one strain of pathogen. As used herain, g vaccing is said 1o prevent or alienuate a
disease if iis adminisiralion results either in the total or partial attenuation (i.e., suppression) of a clinical sign
or condition of the disease, or in the tolal or partial immunily of the individual o the dissase. As used herein,
a gene therapy comnposition is said o prevent or attenuate a disease if its administration resulis either in the
total or partial attenuation (i.e., suppression) of a clinical sign or condition of the disease, or in the total or
partial immunity of the individual to the disease.

A composilion having at least one influenza virus of the present invention, including one which is
attenuated and one or more cther isolaled viruses, one or more isolated viral proteins thereof, one or more
isolated nucleic acid molecules encoding one or more viral proteins thereof, or a combination thereof, may be
administered by any means that achieve the intanded purposes.

For example, administration of such a compugsition may be by various parenteral routes such as
subcutanecus, intravenous, intradermal, intramuscular, intraperitoneal, intranasal, oral or transdermal routes.

Paranteral administration can be accomplished by bolus injection or by gradual perfusion over time.
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Atypical regimen for preventing, suppressing, or trealing an influenza virus related pathology,
comprises adminisiration of an effective amount of a vaccine composition as described herein, administered
as a single treaiment, or rapeated as enhancing or booster dosages, over a period up to and including
belween one week and about 24 months, or any range or value therein.

According to the present invention, an “effective amount” of a compaosition is one that is sufficient io
achiasve a desired effect. 1t is undersiood that the effective dosage may be dependent upon the species, ags,
sex, health, and weight of the recipient, kind of concurrent treatment, if any, frequency of treatment, and the
nature of the effect wanied. The ranges of effective doses provided below are not intended to limit the
invention and represent dose ranges.

The dosage of a live, altenuated or killed virus vaccine for an animal such as a mammalian adull
organism may be from about 10%-10'5, e.g., 103108, plague forming units (PFL), or any range or value
therein. The dose of inactivated vaccine may range from about 0.1 to 1000, e.g., 30 to 100 pg, of HA protein.
However, the dosage should be a sale and effeciive amount as determined by conventional methods, using
existing vaccines as a starting point.

The dosage of immunoreactive HA in gach dose of replicated virus vaccine may be standardized 1o
contain a suitable amount, e.g., 30 10 100 yg or any range or value therein, or the amount recommended by
government agencies or recognized professional organizations. The quantity of NA can also be standardized,
however, this glycoprotein may be labile during purification and storage.

The dosage of immunoreactive HA in each dose of replicated virus vaccine can be standardized to
contain a suitable amount, e.g., 1-50 pyg or any range or value therein, or the amount recommended by the
U.S. Public Health Service (PHS), which is usually 15 ug per component for older children (greaier than or
equal to 3 years of age), and 7.5 ug per component for children less than 3 years of age. The quantity of NA
can also be slandardized, however, this glycoprotein can be labile during the processor purification and
storage (Kendal et al., 1980; Kerr et &l., 1875). Each {.5-mi dose of vaccine may contains approximalely 1-
B0 billion virus particles, and preferably 10 billion particles.

Exempiary Embodimenis

In one embodiment, the recombinant or reassoriant influenza B virus has an amino acid that results in
enhanced replication in MDCK celis, e.g., residues in HA including bul not limiled fo a residue other than T al
position 34, other than K at position 129, other than N at position 168, other than T at position 196, or any
combination thereof; residues in NA including but not limited 1o a residue other than residue N at position 169,
and/or other than G at position 434; residues in NP including but are not limited to a residue other than
alanine (A} at position 28, other than P at position 40, other than P a position 51, other than £ al position 52,
other than S at position 57, other than M at position 204, other than g at nucieotide position 1795, or any
combination thereof; residues in M1 including bul not limited 0 a residue other than G al position 34, other
than aspartic acid (D) at position 54, other than R at position 77, other than M at position 86; residues in BM2
including but not limitad {o 8 residue gther than H at position 58 and/or other than R at position 80; residues
in NS1 including but not limited to other than M at position 117, other than K at position 176, and/or other than
S at position 252, a nucleotide other than a at position 39, or any combination thereof. In one embodiment,

the recombinant influenza B virus has an amino acid that results in enhanced repiication in MDCK cells, e.g.,

2
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in HA1, residue | at position, 34, residue E at position 129, E, D at position 188, P, isoleucine (1), Aor N at
position 196, or any combination thereof; in NA, residue T at position 169 and/or residue E al position 434; in
NP, residue T at position 28, residue S at position 40, residue Q at position 51, residue K at position 52,
residue G at position 57, residue T at position 214, g at nuclectide position 1785, or any combination thersof;
in M1 residue valine (V) or N al position 34, residue G at position 54, residue K af position 77, residue T al
position 88, residue N al position 87, or any combination thereof; in BM2 includs rasidue R at position 58
and/or residue G at position 80; in NST1 include residue tyrosine (Y) at position 117, residue glutamine () at
position 176, residue T at position 252, a g at nucleotide position 39, additional g after nucleotide position 38,
or any combination thereof.

In one embodiment, the recombinant or reassortant influenza B virus has an amino acid that results in
enhanced replication in Vero cells, e.g., residues in HAT including but not limited to a residue other than R at
position 88, other than N af position 184, and/or other than T al position 198, and/or in HA2 including bul not
limited {o a residue other than K at position 39, other than S at position 56, other than K at position 81, or
other than D at position 112, or any combination thereof; residues in NA including but not limited 1o & residue
other than residue T at position 78, other than residue R al position 102, other than residue E at position 105,
other than residue P at position 139, other than residue T at position 436, other than D at position 457, or any
combination thereof; residues in NP including but not limited to a residue other than P at position 343;
residues in M1 other than G at position 34, other than | at position 97, or any combination thereof; residues in
BM2 other than H at position 58, other than R at position 80, other than H al position 27, other than G at
position 26, or any combination thereof; residuas in NS1 including but not limited to a residue other than Y at
position 42; residues in PA other than Y al position 387, other than V af position 434, other than D at position
494, other than T at position 524, a nuclectide other than a ai nucleotide position 2272, a nucleotide other
than g at nucleotide position 2213, a residue in PB2 other than N at position 16; or any combination thereof.
in one embodiment, the recombinant influenza B virus has an amino acid that results in enhanced repiication
inVerp cells, a.g., inHA P, I Aor N al position 198 {in HA1), residue K at position 98 (in HA1}, residus D at
position 194 (in HA1), residue G at position 39 (in HAZ2) residue G at position 56 {in HA2), residue N at
position 51(in HA2), or residue E at position 112 (in HA2), or any combination thereo!; in NA residue M at
position 78, residue K at position 102, residue K at position 105, residue § al position 139, residue M at
position 436, and/or residue N at position 457, or any combination thereof; in NP residue T at position 343; in
M1 include residus V or N al position 34 and/or residue N at position 97; in BM2 residue R at position 58,
residue G at position 80, residue R at position 27, residug R at position 26, or any combination thereof; in
NS1 residue N al position; in PA residue H at position 387, residue A al position 434, residue N at position
494 residue A at position 534, g at nucieotide position 2272, a t at nucieotide position 2213; residue S at
position 16 in PB2; or any combination thereof.

In ane embodiment, for viruses related 1o B/Yamagata-lineage, the recombinant or reassortant
influenza B virus has an amino acid in HA1 other than K at position 129, other than N at position 168, other
than N at position 194, other than T at position 196, other than D at position 112, or any combination thereof;
in NA other than T at position 78, other than R al position 102, other than E at position 105, other than P at
position 138, other than G at position 434, other than T at position 436, other than D at position 457, or any
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combination thereof; in NP other than £ at position 52, other than S at position 57, other than P at position
343, or any combination thereof; in M1 other than G al position 34, other than R at position 77, other than | at
position 87, or in NP vRNA, g nuclectide cther than ¢ a position 500, or any combination therect; in BM2 other
than H at position 58, other than R af position 80, other than H al position 27, other than G at position 26, or
any combination thereof; in NS1 other than M at position 117, other than § at position 252, and/or other than
D at position 484 in PA, and/or a nuclectide other than g at position 2272, other than g at nuclectide position
2213, other than a al position 1406, and/or other than ¢ at position 1445 in PA vENA, or any combination
thereof; in PB2 a residue other than N at position 16; or any combination thereof. In one embodiment, the
recombinant influenza B virus has in HA1 E at position 129, D at position 168; P at position 196, D at position
194, in HAZ at position 112, or any combination thereof; in NA M at position 76, K ai position 102, K at
position 105, S at position 139, E at position 434, M at position 436, and/or N at position 457, or any
combination thereof; in NP K al position 52, 3 at position 57, T at position 343, or any combination thereof; in
M1V or N al position 34, K at posiion 77, N at position 87, or any combination thereof; in BM2 R at position
58, G at position 80, R at position 27, R at position 26, or any combination thereaf; in NS1'Y at position 117,
T at position 252, or any combination thereof; in PA in N al position 494, { at position 2272, a at position 2213;
in PB2 S at position 186; or any combination thereof.

In one embodiment, for influenza B viruses that are related to B/Victora-lineage, the recombinant or
reassortant influenza B virus has an amino acid in HAT other than T at position 34, other than R at position
88, other than T al position 198, and/or in HAZ a residue other than K at posilion 39, other than S at position
56, other than K at position 81, or any combination thereof; in NA other than N at position 168 and/or other
than D al posilion 457; in NP other than A at position 28, than P at position 40, other than P af position 51,
other than M al position 204, or in NP vEBNA a nucleotide other than g at position 1795 or other than c at
position 500, or any combinaiion thereof; in M1 other than D ai posilion 54 and/or other than M al position 86;
in BM2 other R at position 80; in N51 other than Y at position 42, other than K at position 176, nuclectide
other than a at position 39; in PA other than Y at position 387, other than V at position 434, other than T at
position 524, or in PA vRNA g nuclectide other than a at nuclectide position 2272, a nucleotide other than g at
nucleotide position 2213, a nuclectide other than a at position 1406, a nuclectide other than ¢ at position
1445, or any combination thereof. In one embaodiment, the recombinant influenza B virus has an amino acid
has in HA | at position 34, P, [, A or N at position 198, K at position 98, and in HA2 G at position 38, residue G
at position 56, residue N at position 81, or any combination thereof; in NAT at posifion 169 and/or N al
position 457; in NP T at position 28, S at position 40, Q at position 51, T al position 204, a at position 1795,
or any combination thereof; in M1 G af position 54 and/or T at position 86; in BM2 G at position 80; in NS1 N
at position 42, Q at position 176, g atf position 39, an additional g after position 38; in PA H at position 387, A
al position 434, A at position 534, { at position 2272, a al position 2213, or any combination thereof.

In ane embodiment, the recombinant or reassortant influenza B virus has one or more, .., 2, 3, 4, 5,
8,7, 8, 8,10 or more of the following: a residus other than Y at position 387, other than V al position 434,
other than D at position 494, other than T at position 524, a nucieotide other than a2272, 92213, a74086,
c1445, or any combination thereof, in PA or PA vRNA, e.q., 22721 221338, 1408y, 14451387H, 4344, 494N,
B24A, or any combination thereof (e.g., residue H at position 387, residue A at position 434, residue N at
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position 494, residue A at position 524, or any combination thereof); a residue other than T ai position 34,
other than R at position 98, other than K at position 129, other than N at position 168, other than N at position
194, and/or other than T at position 196, in HA1, other than K at position 38, aiher than S ai position 56, aiher
than K at position €1, or other than D at position 112, in HAZ, e.g., in HA1 341, K129E, 188D, 196P/I/A/N,
98K, or 1940, and in HAZ including 39G, 56G, 61N, or 112E, or any combination thereof; a residue other than
residue T at position 78, other than residus R at position 102, other than rasidus E at position 105, other than
residue P at position 139, other than residue N at position 169, other than G at position 434, other than
residue T af position 4386, and/or residue D at position 457 in NA, e.g., 1697, 434E, 786M, 102K, 105K, 1385,
436M, 457N, or any combination thereof; a residue other than H at position 58, other than R at position 80,
other than H al position 27, other than G at position 28 in BM2, such as residus R at position 58, rasidue G at
position 80, residue R at position 27, and/or residue R at position 26; other than A at position 28; other than P
al position 40, gther than P ai position 51, othar than E al position 52, othar than $ at position 57, other than
M at position 204, and/or other than P at position 343, and/or g at position 1785, or any combination thersof,
in NP, e.g., residue T at position 28, residue S at position 40, residue Q at position 51, residue K at position
52, residue G al position 57, residue T at position 214, residue T at position 343, or any combination thereof;
residue other than G at position 34, other than D at position 54, other than R ai position 77, other than M at
position 88, other than | al position 97, or any combination thereof in M1, e.g., residue V or N at position 34,
residue G at position 54, residue K at position 77, residue T at position 88, and/or resiclue N at position 97; in
PB2 olher than N at position 16. In one embodiment, the recombinant virus has M1 34V/I97N, BM2 58R/80G,
NP 405, NS1 86T.

In one embodiment, the influenza virus of the invention is a recombinant or reassortant influenza virus
having two or more of selectad aming acid residues al specified positions in one or more segments for PA,
NE, M (M1 and BM2), and/or NS, which can be emploved with HA and NA genes of interest.. In one
embodiment, the recombinant reassortant influenza virus has two or more of in NP, A28T, P40S, P510,
E52K, 857G, M204T, and/or P343T, and/or g1 795a; in M1, G34V/N, D54G, R77K, M8GT, 197N, in BM2,
H58R, R80G, H27R, GR6R; in NS1, M117Y, K176Q, 52527, a39g, an addilional g after 38, Y42N, in PA,
ag272t, g2213g, Y387TH, V434A, D494N, T524A; in PB2 N188S.

in one embodiment, the influenza virus of the invention is a recombinant or reassortant influenza virus
having two or more of selectad amino acid residues at specified positions in one ar more of PA, BM2, NP, M1,
and/or NS1, which can be employed with HA and NA genes of interest, For exampile, in one embodiment, the
recombinant influenza B virus has M1 34V/IS7N, BM2 B8R/80(, NP 405, M1 MG86T, or has NP P405 or has
NP EB2K, or has a substitution in NP, M1, and optionally NS1 and BM2, as in clones 1-8 in Table 3 and
substitutions in NP, M1, and optionally NS1, as in clonaes 1-8 in Table 4.

In one embodiment, the influenza virus of the invention is a recombinant or reassortant influenza virus
having two or more of af406g, c1445:, a2272tin PA vEBNA, P40S or P40S/M204T in NP, ¢500t in NP vRNA,
M77K or M86T, and a89g or 35(+7)gin NG vRNA, or K178 Q in NS, e.g., an influenza virus having PA
a1406g/c1445(/822721 NP P40S, ¢500f M R77K and NS a38g K176Q, or having PA a1408g/c14451/a2272,
NP P40S/M204T, 05001 M MB6T and NS 38(+1)g.
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The invention will be described by the following nonlimiting examples.
Example 1

The vield of vaccine viruses i important from an economic point of view. Even more important, the
ability 1o produce high numbers of vaccine doses under tight timelines may save many lives during a virus
outbreak. Mutations that increase the replicative ability of virusas in cell culture and/or embryonated chicken
egas are useful to amplily influenza viruses, and 1o establish robust influenza vaccine platforms. Currently,
most influenza vaccines are generated in embryonated chicken eggs. Influenza vaccines generated in MOCK
cells are now approved for human use in the U.S. and in Europe, and influenza vacceines derived from Vero
cells are approved for human use in Europe.

To develop a high-yield influenza B virus backbone for growth of vaccine virus in these gpecific host
cells, random mutagenesis of the internal genes of B/Yamagata/1/73 was conducted; the HA and NA genes
of the mutant virus libraries were derived from B/Yokchama/UT-K31/2012 (Yamagata-lingage) or
B/Yokohama/UT-K1A/2011 (Victorig-lineage), representing the two major infiuenza B virus lineages. The
virus libraries that were generated possessed random mutations in the 'internal’ viral genes as well as those
encoding the viral surface glycoproteins hemagglutinin (HA) and neuraminidase (NA}, as well as non-coding
mutation. Those that conferrad improved growth, and this are vaccine virus candidates, wers further
evaluated. In particular, these vaccine virus candidates confer higher vield in commaonly used propagation
systems for influenza vaccine virus production: that is, embryonated chicken eggs, Madin—Darby canine
kidney cells, and African green monkey (Vero) celis. These vaccine candidates could be used to improve the
influenza B virug vaccine production process.

Materials and Methods

Cells. MDCK cells were grown in MEM containing 5% (volivol) newborn calf serum. Vero cells were
maintained in MEM containing 10% {(volivol) FBS. 293T human embryonic kidney cells were grown in DMEM
supplemented with 10% (volivol) FBS.

Construction of Plasmids. The sequences of the eight viral RNAs of B/Yamagata/1/73 virus were

used to design gBlocks Gene Fragments (infegrated DNA Technoiogies), which were amplified and joined by
PCR; the resulting viral cDNAs were inserted into the RNA polymerase | vector pHH21 (Neumann et al,
1999). The vRNAs of the B/Yokohama/UT-K31/2012, B/Yokohama/UT-K1A/2011, B/Yokohama/P-2922/2005,
B/Tokyo/UTEZ/2008, BTochigifT-T1/2011, B/Massachuseits/2/2012, and B/Brisbane/80/2008 viruses were
extracted from virus stocks by using the RNeasy Kit (Giagen). The viral HA and NA genes were amplified with
gena-specific oligonuclectides by using the One-Slep RT-PCR Kit {Invilrogen), and the PCR-products were
cloned into the pHH21 vecior. The HA and NA genes of B/Yamagala/16/1388 were synthesized by PCR-
amplification of joined gBlocks Gene Fragments, followed by cloning into pHH2Z1. The type A/B chimeric HA
and NA genes of B/Yokohama/UT-K31/2012, B/Yokohama/UT-K1A/R011, B/Massachuselts/2/2012 and
B/Brisbane/60/2008 viruses were generated by overlapping PCRs.

Construction of Blasmid Libraries. One to four random mutations were introduced into each of the six

internal genes of B/Yamagata/1/73 virus by error-prone PCR using the GeneMorph I Random Mutagenesis
Kit. The randomly mutaled PCR products were inserled into the pHH21 vector, and the diversity of the
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resulting plasmid libraries was confirmed by sequence analysis of al least 24 Escherivhia coli colonies for
each viral gene.

Virus Rescue and Virys Library Generation. Wild-type viruses and virus libraries possessing random

mutations in the internal genes were generaled with the help of reverse-genetics approaches (Neumann et
al., 1999} Virus libraries were generaled by transfecting 2937 cells with a mutant plasmid library instead of
the wild-type construct. Forty-eight hours later, supernatants from plasmid-transfected 2937 cells were
collected and amplified in MDCK cells to generate virus stock; the titers of the virus stocks were determined
by using plague assays in MDCK cells.

Evaluation of Viral Growth Kinetics. Wild-type or recombinant viruses were inoculaied in triplicale info

MDCK celis at a multiplicity of infection (MO1) of 0.001. After infection, cells were incubaled with MEM/BSA
madium with 0.6 ug/mi TPCK-rypsin. Supernatants were collected atf the indicaled time poinis and the virus
titers ware assessed by means of plagus assays in MDOK cells.

To analyze viral replication in embryonated chicken eggs, 10-day-old embryonaled chicken eggs (four
per virus) were inoculated with 1 » 104 pfu of virus and incubated them at 35°C. The allantoic fluids were
collected at the indicated time poinis and virus liters were determined by use of plaque assays in MDCK cells.

The hemagglutination titers of viruses amplified in MBOCK cells or embryonated chicken eggs were
determined by using a hemagglutination assay. Briefly, 50 ul of virus sample was serially diluled twofold in
86-well U-bottom microtiter plates {Thermo Scientific cortaining 50 pl. of PBS per well. Next, 58 ul of 8.5%
turkey red blood cells were added to each well, plates were incubaled for 45 minules at room lemperature,
and hemagglutination titers were calculated as the reciprocal value of the highest dilution at which
agglutination occurred.

Virus Concentration and Purification. MDCK celis were grown in two 4-Layers Easy-Fill Cell Factories

{Thermo Scientific) and infected with wild-type or high vield influenza B viruses at an MO of 0.001 when the
cells reached about 95% confluency. Cell-culture supernatants were harvested 48 hours later and clarified by
centrifugation (3,500 rpm in a Beckman SX4750 rotor, 15 minules, 4°C). Viruses were pelleied by
ultracentrifugation (18,500 rpm, 90 minutes at 4°C in a Beckman Tvpe19 rotor), resuspended in 5 mL of PBS,
and lpaded onto 20-50% (wi/vol) continuous sucrose gradients which were centrifuged at 25,000 rpm for 20
minutes at 4°C in a Beckman SW32 rotor. The virus-containing band was collecied, diluted in PBS, and
pelieted again by centrifugation (25,000 rpm, 90 minutes, 4°C, Beckman SW32 rotor}. The virus pellet was
resuspended in 400 pb of PBS, aliquoted, and stored at -80°C.

Total Protein Assay. Total protein yield of virus concentrates was determined by using the Pierce

BCA prolein assay kit (Thermo Scientific) according to the manufacturer’s instructions.
Dealycosylation of Viral Proteins Using PNGase F. To remove sugar moietias, 10 ub of virus

concentrate was denatured. The sample was then incubated at 37°C for 20 hours with 2 pb of & one-fenth
dilution of PNGase F enzyme (New England Biolabs) in the buffer provided by the manufacturer and with
Nonidet P-40 at a final concentration of 1%.

SDS/PAGE. 2 b of virus concenirate was mixed with PBS to a tofal volume of 10 ul. and 2.5 ul of
loading dye with 2% (volivol) B-mercaptoethans! {as reducing agent) was added, which mixiure was healed to

85°C for B minutes. Samples were then loaded onto NuPage 4-12% {wi/vol) Bris-Tris precast gels (Life
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technology), which were run at 150 V for 120 minuies using 1x Meas buffer (Bio-Rad), and then stained with
SYPRO-Buby (Sigma). Quantitation of prolein amounts was carried oul by using Imaged software (NIH). The
HA content was calculated by dividing the HA amount (calculated by summing the amounts of HA1 and HAZ)
by the sum of the amounis of HAT, HA2Z, NP, and M1, and mulliplying this value by the amount of tolal viral
protein.

Virulsnce Studiss in Mice. Six-week-old female BALB/c mice {Jackson Laboratory} were anesthatized

with isofiurane and inoculated intranasally with 10° pfu of influenza B viruses in a volume of 50 pl.Five mice
were infacted per group; this sample size is adegquate o detect large effects between groups. Mice were
randomized and investigators were not blinded. Body weight changes and survival were moniiored daily for
14 days. To assess virus replication in mice, 10 mice per virus were infected with 10° pfu; on days 3 and 6
post-infection, five mice in each group were killed and virus titers in the iungs were determined by use of
plaque assays in MDCK calis.

Genetic Stability Testing. To evaluale the genetic stability of the high-vield vaccine backbones,

viruses possessing the HY(Yam} and HY (Vic) backbones combined with the HA and NA vRNAs of
B/Yokohama/UT-K31/2012 and B/Yokohama/UT-KT1A2011, respectively, were passaged 10 times in MDCK
cells at an MOI of 0.01. Viruses coliected after each passage were sequenced by means of Sanger
sequencing.

Minireplicon Assay. For the minireplicon assay, 283T cells and MDCK cells were transfected with

0.25 ug each of plasmids expressing the B/Yamagala/1/73 PE2, PB1, PA and NP profeins, logether with 0.05
g of pPoll-B/Yamagata/1/73-NS-Luc (which encodes the firefly luciferase gene under the control of the
human BNA polymerase | promoter) or pPoliC250-B/Yamagata/1/73-N5-Luc (which encodes the firefly
luciferase gene under the control of the canine RNA polymerase | promoter), respectively. Celis were
cotransfected with 0.025 yg of pGL4.74(hRluc/TK) (an inlernal control to monitor transfection efficiency;
FPromega). The transfected cells were incubated at 35°C for 48 hours, lysed, and assayed for luciferase
aclivity by using the dual-luciferase system detector kit according to the manufaciurer's protocol (Promega).
The firefly luciferase expression levels were normalized to the Renilla luciferase activity. The data presented
are the averages of three independent experiments + 0.

To investigate the significance of the mutations in the noncoding regions of the B/Yamagala/1/73 PA
and NS1 vRNAs, cells were transtected as described above; however, pPoltC250-NP(0)Fluc(0) was replaced
with a reporter construct in which the firefly luciferase gene was flanked by the wild-type or mutant noncoding
regions of the PA or NS vRNAs, respectively. At 48 hours post-transfection, luciferase activity was measured
as described above.

VEP Budding Agsay. For the VLP budding assay, 293T cells were transfected with 2 g each of

protein expression plasmids for wild-type or mutant B/Yamagala/1/73 M1, HA, NA, NP, BM2, and NS2. At 48
hours post-transfection, culture supernatant was harvested, clarified, loaded on a 20% {wt/vol) sucrose
cushion, and ultracenirifugad al 63,000 rpm for 2 hourg in a Beckman SW 80 Ti rotor; the palleled VLPs were
then resuspended in PBS overnight at 4°C. In parallel, we lysed the transfected cells with RIPA buffer.

Purifiad VLPs and cell lysates were separately mixed with 5« loading dye bulfar and fractionated on
NuPage 4-12% {wivol) Bris-Tris precast gels (Life Technology). The proteins were transferred to
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nitrocellulose mermbranes by using an iBlot dry bloiting system {Invitrogen). The membranes were then
biocked for 3 hours al room lemperature with PBS with 0.05% Tween 20 (FBS-T) containing 5% (wi/vol)
skimmed milk. Then, the membranes were incubated with monocional antibodies 1o B/Brishane/60/2008 HA
{1:1,000; my BioSource, MBS430175), or to influenza B virus NP {1:1,000; Abcam, ab47876) or M1 {1:2,000;
Abcam, abB2608} protein overnight at 4°C. After four washes with PBS-T for 10 minutes each, the
mambranas were incubated with goat anlimouse secondary antibodies coniugated with horseradish
peroxidase (1:2,000; Life Technology) for 1 hour at room temperature. After four washes with PBS-T for 10
minuteg each, the blots were developed by using lumi-light Western blotting substrate (Roche Applied
Science) and visualized following autoradiography. Quantitation of prolein amounts was carried out by using
Imaged soltware (NIH). To calculate the percentages of HA, NP, and M1 protein incorporation into VLPs, the
following formula was used: (ratio of the amount of protein in the mutant VLP to the total amount of mutant
protein (VLP + cell lysale)/ratic of the amount of protein in the wild-type VLP to the tolal amount of wild-type
protein (VEP + cell lysale)) < 100,

IFN Antagonist Assays. To assess the FN-antagonist activity of wild-type and mutant NS1 proteins,

2937 cells were transfected with the N&1 prolein expression plasmid and the reporter plasmid pGL-IFN-B,
which encodes the firefly luciferase protein under the conirol of the IFN-8 promoter (Bale et al., 2012).
Twenly-four hours postiransfection, celis were infecled with Sendai virus al an MO1 of 5 for 1 hour. Cells were
incubatad for 24 hours and lysed with Glo lysis buffer (Promega); then, Steady-Glo assay buffer (Promega)
was added and luciferase expression measured. In another set of experiments, 2937 cells were transfected
with wild-type or mutant NS1 protein expression plasmids and the reporter plasmid pISRE-Luc (Promega),
which encodes the firelly luciferase profein under the control of an [FN-regulated promoter. Twenty-four hours
later, cells were treated with 104 U/mL of human IFN-B for another 24 hours, icilowed by lysis and
measurement of luciferase expression levels.

Sialstical Anglysis. Statistical analyses of the data were accomplished using the R software (wwarr-

profact.org), v3.1. To compare muiliple groups with measuremenis collecied independently al several time
poinis, a two-way ANOVA followed by Tukey's post hoc test was used. To compare measurements from
multiple groups coliected at a single time point, a one-way ANOVA followed by either Tukey’s or Dunnett’s
post hoc test was used. To compare mulliple groups with dependent measurements {(e.q., viral growth curves
in cell culture for which aliquots were collected from the same culture at different time points), a linear mixed-
effects model to the data by using the R package NLME; the time, virus siraing, and interaction betwesen
these two Taciors were consideraed. The R package PHIA was used to build a contrast mairix for comparing
strains in a pairwise fashion al the same time point (e.g., group_1 vs. group_2 at 24 hours postinfection,
group_1 vs. group 3 at 24 hours postinfection, group_2 vs. group_3 at 24 hours postinfection). Comparisons
were performed individually; therefore, the final P values were adjusted by using Holm’s method {0 account
for multiple comparisons.

Raw daia from growth curves were converled 0 the logarithmical scale before heing analyzed;
results were considered statistically significant for P {or adjusted P values) < 0.05. Variance between groups
was assessad by using Levene’s test (which was similar for the groups being compared, with P » §.05).
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Ethics and Biosalety. The experiments in mice followed the University of Wisconsin—Madison’s

Animal Care and Use Protocol. All experiments were approved by the Animal Care and Use Commitiee of the
University of Wisconsin—Madison (protocol number VO0B0E8), which acknowledged and accepted both the
legal and ethical responsibility for the animals, as specified in the Fundamental Guidelines for Proper Conduct
of Animal Experiment and Relaled Activities in the Animal Wellare Act and associated Animal Welfare
Regulations and Public Health Service Policy.
Results

Virug Library Screens for High-Yield Varianis in MBOK Cells. Comparable {o g strategy to devalop a

high-vield influenza A virus PR8 vaccine backbone, mutagenesis and screening approaches were used o
identify mutations associated with high yield of an influenza B virus. The six infernal vBNA segments were
from the B/Yamagata/1/73 virus, which grows efficiently in MDCK celis and was isolated before the Victoria
and Yamagala lineagas separated. A mulagenesis approach based on error-prons PCR was than used to
generate libraries of cDNAs possessing one to Tour random amino acid changes in the viral proteins (Figure
2). These cDNA libraries were then used 1o generate virus libraries. Six separate libraries representing each
of the internal vRNAs (i.e., PB2, PB1, PA, NP, M, and NS) were generaled (Figure 2); three libraries for
combinations of the polymerase vRBNAs (i.e., PB2+PB1, PB2+PA, PB2+PB1+PA); one library for the
polymerase and nucleoprotein (NP) vRNAs (.., PB2+FPB1+PA+NP) because the PB2, PB1, PA, and NP
proteing form the viral replication complex; one library for the PB2 and NS vRNAs (PB2+NB) because the
PB2 and NS1 proteins (encoded by the NS vRNA) of influenza A viruses are imporiant determinants of host
virulence (Wright et al., 2013); and one library for the M and NS vRNAs because the M1 protein (encoded by
the M vRBNA) of influenza A viruses is associated with high-growth properties (Ramanunninair et al., 2013).
Each of these 12 virus libraries was genarated with the HA and NA vENAs ¢f a representative virus of the
Victoria {B/Yokohama/UT-K1A/2011) or Yamagata (B/Yokohama/UTK31/2012) lineage, respactively, resulling
in a toial of 24 virys libraries. Libraries generataed with the HA and NA vRNAs of the Viclorig-lineage or
Yamagata-lineage viruges will be refarrad to as "Victoria-lineage” or “Yamagala-lineage” librarieg,
respectively.

To select variants with enhanced growth properties, each library was passaged 12 times in MDCK
cells. In parallel, virug libraries were combined after two passages in MDCK cells, and then 10 additional
passages were performed in MBDCK cells (Figure 2). More than 700 viral plagues were randomly selected
each from the Vicloria- and Yamagata-lineage libraries, respectively, resulling in a total of 1,472 individual,
plague-purified viruses {Figure 2}. The placgue-purified viruses were then amplified in MDCK cells, and their
yields were assessed in hemagglutination assays (as a surrogate for high HA vield) and compared with those
of the parental Victoria- and Yamagata-lineage viruses (which possess the Victoria- or Yamagata-lineage
lineage HA and NA vRNAs in combination with the six remaining vRNAs of B/Yamagala/1/73 virus). 29
Yamagaia- and 28 Victoria-lineage viruses were identified with hemagglutination titers that were at least
twofold higher than those of the respective control virus. These candidats viruges were reampilified in MDCK
cells, and their high-yield properties were confirmed by assessing hemagglutination titers and replication
kinetics in MDUK cells (used as anothsr surrogaie for high HA yield) (Figure 3).
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Next, the aentire viral genomes of the top eight candidales of each lineage were sequenced and
different sets of mutations were found for high-yield candidales of the Yamagata- and Vicloria-lineages
(amino acid changes and changes in the noncoding regions were evaluated) (Tables 1 and 2). Seven of the
gight high-vield candidates isolated from the Yamagata-lineage libraries possessed G34V and 197N mutations
in the M1 matrix protein, and H38R and R80G mutations in the BM2 ion channel protein (also encoded by the
M gene) (Table 1), suggesting that these amino acid substitutions may confer efficient replication in MDCK
ceils.

All eight high-yield candidales obtained from the Vicloria-lineage libraries encoded a P405 muiation
in NP and an M86T mutation in M1 (Table 2. in addition, six of these eight high-yield candidates encodad
nucleotide changes in the noncoding region of the NS vRNA: an additional nuclectide afier position 38 was
detected in five viruses (NS-38(+1)g; all nucleotide changes in noncoding regions are shown in italicized
lowercase letters), and an a39y nucleotide replacement was detected in one virus (Table 2). A g7795a
mutation was identified in the noncoding region of the NP segment in three high-yield candidates {Table 2).

Although the HA and NA vENAs were not targeted by PCR-mediated random mutagenasis, several
mutations were detected in the HA and NA proleins (Tables 1 and 2). Specifically, threonine al position 196 of
HA was replaced with various other amino acids (2.q., alanine, isoleucing, proling, or asparagine) in seven of
eight high-vield candidales derived from the Victoria-lineage libraries {Table 2), suggesting strong seleclive
pressure at this position.

Potential Combinalorial Effects of Mulalions. Next, reverse-genetics approaches were used {0

generate viruses possessing various combinations of the mutations found in the top eight high-yieid
Yamagata- or Victoria-lineage candidates (Tables 3 and 4). For example, the NP-E52K andM1-R77K
mutations found in high-yield candidate #21 {which replicated to the highest titers in MDCK celis) (Figure 3)
were combined with the NS1-M117Y/8252T mutations found in high-yield candidates #23 and #26 (Figure 3).
Because the internal vRNAs of the Yamagala- and Vicloria-lineage libraries are derived from the same virus,
mutations found in high-yield Yamagata- and Victoria-lineage candidates were also combined (Tables 3 and
4}. The resulting viruses were tested for their hemagglutination titers and viral titers in MDCK cells (Figure 4).
All high-yield Yamagata- and Victoria-lineage candidates replicated in MDCK celis more efficiently and had
higher hemaggiutination titers than the wild-type viruses al one or more time poinis, and most of these
differences were statistically significant (Figure 4).

Yamagata-lineage RG{Yan) #8 (encoding NP-P405, M1-R77K, N§1-K176Q, and N5-a39g
mutations) and Victoria-lineage RG(Vic) #2 (encoding NP-P405/M204T, M1-MBET, and N&-38 (+1)g
mutations) were selecled as lead candidale vaccing backbones because they had the highest tilers in their
respective groups.

Yirus Library Screens for High-Yield Varanis in Vero Cells. The ideal vaccine virus backbone should

confer a high yield in all three propagation systems currently used in the commercial production of humnan
influenza vaccines: that is, MDCK cells, Vero calls, and embryonated chicken eggs. In paraliel {o the
development of a high-vield influenza B vaccine backbone in MDCK cells, alt 24 virus libraries (Figure 2) were
passaged in Vero cells. Because the titers of influenza B virus libraries were low in Vero celig, first the

libraries were passaged in cocultured MUCK and Vero celis five times, foliowed by five passages in Vero

34
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cells. In parallel, virus libraries were combined after two passages in cocultured MDCK and Vero cells,
passaged three more times in coculiured cells, and then passaged five times in Vero cells. A {otal of 382
individual virus plagues were randomiy picked from the various virus libraries and amplified in Vero cells.
Based on the results of hemagglulination assays, the top six candidates were picked from the Yamagata and
Victoria lineage, Vero cell-passaged libraries and determined their full genomic sequences {Tables 5 and 6).
The high-yield candidaies possessed several of the mutations thal were identified afier the MDCK cell
passages, which may have been selected in the MDOK cells during the passages in cocultured cells. These
mutations include amino acid changes at positions M1-34/97, BM2-58 or -80, and HA1-196 (compare Tables
1 and 2 with Tables 5 and 6). The mutations at positions M1-34/97 and BM2-58 were only detected in the
Yamagata-lineages libraries, whereas mutalions al position BM2-80 occurred in both the Yamagata- and
Victoria-lineage viruses. The mutation at position HA1-196 predominated among viruses of the Victoria
lineage, but also occurred in one virus of the Yamagaia lineage. In addition, mulations not praviously found
afier passages in MDCK cells were observed, most notably an a2272f nucleotide replacement in the
noncoding region of PA, which was found in high-yield candidates of both virus lineages (Tables 5 and 8).
Selection of High-Yield Yamagala- and Vicloria-Lineage Vaccine Virus Candidates. Next, it was

tested whether the PA-g2272t mutation found after the Vero celi passages would enhance the growth
properties of BGYam) #8 and/or RG{Vic) #2. The resulling viruses (HY{Yam) and HY(Vic), respectively)
displayed higher hemagglutination and virus liters in MDCK cells compared with RG{(Yam) #8 and RG(Vic)
#2, and compared with the parental Yamagata- and Vicloria-lineage viruses; some of these differences were
small (although statistically significant). Therefore, HY(Yam) (encoding NP-P40S, M1-R77K, NS1-K1780,
NS-a39g, PA-a2272f and HY{Vic) (encoding NP-P40S5/M204T, M1-M86T, N5-(38+1)g, PA-a22721) were
selected as lead high-yield candidates.

Evaluation of High-Yield Vaccine Virus Backbones with Difterent Influenza B Virus HA and NA
Genes. HY(Yam) and HY(Vic) were developed with the HA and NA genes of B/Yamagata/tUT-K31/2012 and

B/Yokohama/UT-K1A/2011, respectively. Because high-vield vaccine virus backbonsas should have a general
growth-enhancing effect, the HY(Yam) and HY (Vic) vaccine virus backbones with the HA and NA genes of six
influenza B viruses isclated over several decades, including WHO-recommendad vaccine viruses, were
tested (Figure 7). Al one or more time points tested, the HY{(Yam) and HY{Vic) vaccine virus backbones
conferred higher viral or hemagglutination titers compared with the parental viruses, although not all of the
differences were statistically significant. For the viruses lested, HY{Vic) had a greater growth-enhancing effect
than HY(Yam).

Exchange of HY(Yam) and HY(Vic) Backbonegs. Next, it was tested whether the HY{(Yam) and

HY(Vic) backbones supported efficient replication of viruses possessing HA and NA genes derived from the
other influenza B virus lineage (Figure 8). High viral and hemagglutinalion titers were detected for HY(Yam)
viruses encoding Victoria-lineage HA and NA genes, and for HY(Vic) viruses encoding Yamagata-lineage HA
and NA genes. Overall, the HY(Yam) vacecine backbone resulied in slightly higher virus or hemaggiutination
titers than the HY{Vic) vaccine backbone at several time points, but most of these differences were not
statistically significant. These data indicate thal the HY(Yam) and HY(Vic) vaccine backbones confer efficient
repiication o viruses of both lineages.
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Gomparison of Influenza A and B Virus Vaccine Backbones. Chimeric influenza A viruses possessing

the HA and NA genes of an influenza B virus have been generaled previously (Horimolo et al,, 2004 and
Flandorfer et al., 2003). The use of a universal backbone for both influenza A and B viruses would simplify the
vaccine production process. Reassorlanis belween influenza A and B viruses do not occur naturally, likely
because of type-specific viral packaging signals located in the 5" and 3’ terminal regions of influenza vRNA
segments (Fujii et al., 2003; Baker et al., 2014). Therefore, vRNA segments were generated in which the
ectodamains of the influenza A PRE virus HA and NA proteins were replaced with influenza B virus
counierparts (Figure 5). Then the hemagglutination and viral tilers of the following three viruses were
comparad: a wilddype Yamagata-ineage influenza B virug; HY{(Yam) with the HA and NA genes of a
Yamagata-lineage virus; and high-yield PRE virus with type A/B chimeric HA and NA genes of a Yamagala-
lineage virus {Figures 8A-B). Similar experiments were carried out for viruses of the Victoria-lineage (Figures
9C-D). Al most time points lested, the high-yield influenza A or B vaccine virus backbones conferred
significantly increased hemaggiutinalion and viral tilers compared with wild-type viruses. Comparison of the
influenza A and B vaccine backbones revealed higher virus titers with the influenza B vaccine backbone but,
interestingly, higher hemagglutination tilers with the influenza A vaccine backbone. Moreover, for two
influenza B viruses representing both lineages, the influenza A vaccine backbone was superior {o the
influenza B vaccine backbones with respect to hemagglutination and viral titers in embryonated chicken eggs
(Figures 4E-F). Other influenza B viruses containing the HA and NA from B/Yokohama/UT-K1A/2011,
B/Yokohama/P-2922/2005, B/Tokyo/UTER/2008, or B/Tochigi/UT-T1/2014 did not grow well in embryonated
chicken eggs regardless of the backbone (wild-type or high-yield), suggesting that the HA and NA genes of
these human viruses may restrict efficient growth in embryonated chicken eggs.

Evaluation of Total Viral Protein Yield and HA Content. Most preparations of inactivated influenza

vaccines contain 15 pg each of H1 HA, H3 HA, and type B HA proleins. For vaccine optimization, {otal viral
protein yieid and HA content are therefore important parameters, prompting us to compare the total virgl
profein yield and HA content of different HY (Yam) and HY(Vic) viruses with thair regpective wild-lype viruses
i MDOK cells, Cell-culture supernatants were collected from infecied celis, and viruses were conceniraled
and purifiad by uss of sucrose gradient centrifugation. The total viral protein yield was than determined by
using the Pierce BCA Prolein Assay Kit (Thermo Scientific). In parallel, purified virus samples were treated
with PNGase F, resulting in HA deglycosylation, which allows sasier detection of HAZ (which in its
glycosylated form is similar in size 1o M1). Samples were separaied by using SDS/PAGE (Figures 10A-B) and
the amounts of HA1, HA2, NP, and M1 were determined based on densitometric analysis. The HA content
was calculaled by dividing the HA amount (calculated by summing the amounts of HA1 and HAZ2) by the sum
of the amounts of HAT, HAZ, NP, and M1, and multiplying this value by the amount of total viral protein in the
samples analyzed via gel electrophoresis (Figures 10A-B). For all viruses tesled, total viral prolein vield and
HA content were significantly higher with the HY(Yam) and HY{(Vic) vaccine backbones compared with the
wild-lype viruses from which the HA and NA vEBNAs were derived.

Virulence of PR8-HY-Based Vaccine Viruses in Mice. An experimental approach was designed to

select mutanis with increased replicative ability, which may also increase their virulence in mammals. To

address this guestion, five mice per group were infected with 108 pfu of a wild-type Yamagata-lineage virus, &
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virus possessing the HA and NA vRBRNAs of the Yamagata-lineage virus in combination with the remaining six
genes of wild-lype B/Yamagata/1/73 virus (which was used to generate the virus libraries), and a virus
possessing the HA and NA vRNAs of the Yamagata-lineage virus in combination with the HY{Yam} vaccine
virus backbone (Figures 11A-8). In parailel, groups of 10 mice were iniected with 10° pfu of the viruses
described above, and five animals each were killed on days 3 and 6 post-infection to assess fung virus titers
(Figure 110). Similarly, experiments were carried oul with a Victoria-lineage viruses and the HY{Vic) vaccine
backbone (Figures 110-F). The wilddype B/Yamagaia/1/73 virus backbone conferred higher pathogenicity
than the B/Massachussitts/2/2012 and B/BErishane/80/2008 backbones, respectivaly. However, the yvisld-
enhancing mutations of HY(Yam) and BY(Vic) did not increase mouse virulence further; in fact, they had
slightly attenuating sffects compared with the B/Yamagata/1/73 backbone.

Genetic Slability of the HY(Yam) and GY{(Vig) Vaccine Backbones. Vaccine viruses should be

genetically stable so that their desired properties are mainiainad. To test the genetic stabilities of the high-
yield candidates, 10 serial passages of a HY{Yam) virus were performed with the HA and NA vRNAs of
B/Yokohama/UTK31/2012, and of a HY(Vic) virus with the HA and NA vENAs of B/Yokohama/UT-K1A/2011
in MOCK cells. After each passage, the genomic sequences of the viruses were determined by Sanger
sequencing. For the Yamagata-lineage virus, no mutations were detected. For the Victorig-lineage virus,
mutations in the infernal genes that define the high-yield properties of HY{Vic) were nol detected. However, a
mixed population encoding HAT-186T and -196] was detected after passage 5; after passage 10, only the
HA1-1961 mutant was detecled.

Similarly, several wild-type and high-yield influenza B viruses of both lineages were passaged in
embryonated chicken eggs (Table 7). After 5-10 consacutive passages, no egg-adapting mutations were
getected in the internal genes. However, for viruses that possessed g glycosyiation site at amino acids 194
196 of HA, mutations arose thai resultad in the loss of that glycosylation site. This finding is consistent with
the eartier finding of mutations at this glycosylation site in viruses of the Victoria-dineage (Table 2).
Collectively, the data indicale thal the vield-enhancing mutalions in HY{(Yam) and HY(Vic) were genetically
stable for at least 510 consecutive passages in MDOK cells and embryonated chicken eggs.

Contribution of Individual vBENAs 1o High-Yield Properties of HY(Yam) and HY(Vic). The HY(Yam)
and HY(Vic) vaccine hackbones possess mulalions in several vRNA. To betler understand the contributions

of these mutations to the HY(Yam) and HY(Vic) phenotypes, reverse genelics was used to generate viruses
possessing individual mulant vBNA segments of HY(Yam) or HY(Vic): for example, viruses were generaled in
which the HA and NA vRNAs of 3 Yamagata-ineage virus were combined with the six remaining vRBNAs of
wild-type B/Yamagata/1/73 (used o generale virus libraries), of wild-type B/Yamagata/1/73 (also encoding
the NP-P40S mutation found in HY (Yam)), or of HY(Yam) (Figure 12). The resulting viruses were ested for
their replicative abilities and hemagglutination titers in MDCK cells (Figure 12). When tested individually, the
NP-P40S, M1-R77K, and NS-a39g+NS1-K1768Q mutations significantly increased the viral and
hermaggiutination titers of Yamagata-linage viruses at one or more time points compared with the reference
virus. For Victoria-lineage viruses, each of the mutations tested had a statistically significant growth-

enhancing effect at one or more time points. Most of the viruses possessing individual mutations found in
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HY(Yam) or HY{Vic) did not replicate as efliciently as the high-yield vaccine candidates, demonstrating that
combinations of several mutations are imporlant {or the high-vield properties of HY{(Yam) and HY{Vic).
Effect of Individual Mutations in HY{(Yam and HY(Vic) on the Activity of ithe Viral Beplication

Complex. The NP-P40S mulation was selecled individually and in combinalion with NP-M204T from the
Yamagata- and Victoria-lineage libraries, respectively. Moreover, these mutations increased viral and
hemaggiutination titers when tested without the other growth-enhancing mutations (Figure 12). To assess
whether these mutations affect the activity of the viral replication complex, 2937 and MDCK cells were
transfected with plasmids expressing the three polymerase subunits of B/Yarmagaia/1/73 virus, wild-type or
mutant B/Yamagala/1/73 NP, and an influenza B virus-iike RNA expressing the luciferase reporier protein
(the NP-M204T mulant was not tesled separalely bacause it was selected from the virus librariss only in
combination with NP-P40S). Interestingly. the NP-P40S and -P405/M2047T mutations significantly reduced the
replicative aclivily of the viral replication complex (Figure 13A-B).

The PA-22272f mutation emerged during passages of virus libraries in Vero calls (Tables 5 and 6)
and significantly increased the viral and hemagglutination titers of a Victoria-lineage vaccine candidate
{Figure 86). This mulation was found to significantly increase the replication of a virus-like BNA in minireplicon
assays (Figure 105C). HY(Yam) and HY(Vic) possess NS-a39¢g and N5-38(+1)g mutations, respectively.
These mutations were infroduced inlo a virus-iike BNA that expresses luciferase. Both mutations conferred
significantly increased expression of the reporter protein from the virus-like RNA (Figure 13Dj); this effect was
substantially graater for the NS-35(+1}g mutation compared with the N&-a39g mutation.

Effect of Individual Mutations in HY{(Yam) and HY(Vic) on the Composition of Virus-Like Panicles.
The M1-R77K and M1-M88T mutations in HY{(Yam) and HY(Vic) affected viral and hemagglutination titers

when tested individually (Figure 12). M1 is the major structural component of virions and mutations in this

protein could affect the compaosition of virions. 283T cells were transfected with plasmids for the expression of
the B/Yamagata/1/73 HA, NA, NP, BM2, NG2, and wild-type or mutant M1 proteins; expression of this set of
viral protein rasults in efficient virus-like particle (VLP) formation and release {(Gomez-Puerias et al., 1989).
Cell culture supernatant was coliected and the VILP incorporation efficiency of viral proteins assessad (Figure
14). Both mutations in M1 significantly increased the amount of viral HA, NP, and M1 proteins in the culture
supernatant, which presumably resulted in the increased viral and hemagglutinalion titers conferred by the
M1-R77K and -86T mutations.

Effect of a Mutation in the HY(Yam) NS1 Protein on IFN Antagonist Activity. The NS1 protein is the

major influenza viral IFN antagonist (Yuan et al., 2001; Dauber et al., 2004). To assess the effect of the
HY(Yam) NS1-K1760 mutation on N&71's ability to interfere with IFN-B synthesis, 2937 cells were transfecied
with wild-type or mutant NS1 protein expression plasmids and with the reporter plasmid pGL-IFN-B, which
encodes the firefly luciferase protein under the control of the IFN-B promoter {Bale el al., 2012). Cells were
then infected with Sendai virus to stimudate IFN-B synthesis, resulting in increased reparter gene expression.
Wild-type and mutant NS1 were comparable in their ability to down-regulate IFN-g synthesis (Figure 12A). To
determine the ability of wild-type and mutant NS1 to interfere with the expression of IFN-B—stimulated genes,
2837 cells were franstected with wild-type or mutant NS1 protain exprassion plasmids and the reporter
piasmid plSRE-Luc (Promega), which encodes the firefly luciferase protein under the control of an IFN-
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regulated promoter. Cells were stimulaied with IFN-B 24 hours later, incubated again for 24 hours, and then
assayed for luciferase expression. The NS1-K1760 protein was slightly less efficient than wild-type N&1 in
suppressing gene synthesis from an IFN-regulated promoter (Figure 12B), suggesting that other mechanisms

account for its growth-enhancing effect.

Discussion

To date, no systematic efforts have been carried out {o develop a high-visld influenza B vaccing
backbone. Vodeiko et al. (Vodeiko et al., 2003} compared two influenza B viruses that differed in their
replicative ability in embryonated chicken eggs. Reassortment experimentis revealed several vRNAs that
contributed to the phenotypic differences (Vodeiko et &l., 2003); however, the gpecific amino acids that
determined the growth properties were not identified. Kim et al. (Kim et al., 2015) found thal coldadaptation of
infiuenza B viruses enhancead their growth properties. Several amino acid changes in HA, NA, and NP {not
the mutalions reported hare} were responsible for the increased virus tilers (Kim et al., 2015).

Le et al. (2015) lesied reassoriants between B/lee/40 and Yamagata- and Victoria-lineage influenza B
viruses isolated in 2002-2007; all 14 high-yield candidates possessed the NP vENA of B/Lee/40 virus,
suggesting that this vRNA confers efficient replicative ability. Ping et al. (2015) published a more
comprehensive strategy to develop high-vield influenza A vaccine backbones, which was applied here to
influenza B viruses: from virus libraries possessing random mutations in the internal genes, candidates were
salacted that improved influenza B virus replication in MDCK and Vero cells. Combinations of mutations
resulied in Yamagala- and Victoria-lineage vaccine candidates (encoding the NP-P40S, M1-R77K, NS1-
K17601, NS-a39g, and PA-a2272t mutations for the Yamagata-lineage vaccine and the NP-P405/M2047T, M1-
M86T, NS-(38+1)g, and PA-a2272f mutations for the Vicioria-lineage vaccine) with high yield in MDCK and
Vero cells, and also in embryonaied chicken eggs. Further studies in {semi)industrial settings would be
necessary (o delerming whether lineage-specific vaccing backbones provide an advantage over a single
backbone used for viruses of both lineages.

The total viral protein yield and HA content obtained from HY(Yam) and HY{Vic) were substantially
higher than those from wild-type viruses {Figure 10}, High virus and HA yislds are imporiant for cost-efiective
vaccine production. More importantly, increases in vaccine virus yield may be imperailive in years with high-
vaccine demand and in years with shortened Virus yield vaccine production times. However, some of the
cbserved differences in virus titers or HA yield were small (although statistically significant), and we currently
do not know the extent by which HY(Yam} and HY({Vic) would increase vaccine virus yield in indusirial
vaceine production.

Evaluation of influenza B virus sequences revealed thal the aming acid changes in HY(Yam) and
HY(Vic) are rare among natural influenza B viruses (the NP-P405, NP-M204T, and M1-M86T mutations have
each been found in one isolale; the M1-B77K mutation has been reported in 14 isolates; and the NS1-K176Q
mutation has not been detected). The 3D structure of an influenza B virus NP protein has been resolved (Ng
et al., 2012}, but position 40 (at which P-to-5 mutations were salected from the Yamagala- and Vicloria-
lineage iibraries; is part of the N-terminal 71 amino acids for which no structural data couid be oblained,
suggesting that this region is highly flexible. Seguence analysis of influenza B virus NP proleins revealed that

the prodine at position 40 is highly conserved: only 1 in 3,234 sequences does not encode NP-40P (the only
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exception, B/Tennessee/01/2015, encodes NP-40S, as found in this study). Interestingly, the NP P405
mutation reduced the activity of the viral replication complex in minireplicon assays, suggesting that the yield-
enhancing effect of this mutation is mediated by functions other than replication and transcription. For
example, this region in NP could interact with viral or cellular proteins during the export of viral
ribonucleoprotein complexes from the nucleus to the cytoplasm, or during virion assembly.

Several mutalions were also identified in the noncoding regions of vRNA segments that increased
virus yield; some of these mutations conferred increased levels of replication and transcription, as measured
in minireplicon assays. These mutations may, for example, increase the stability of the vRNA or affect its
interaction with the viral polymerase compiex. Further siudies are needed o decipher the exact mechanisiic
functions of these mutations.

Collectively, influenza B vaccine virus backbones were developed that could increase the titers of
seasonal influenza B vaccines in the propagation systems currently used for human influenza vaccine virus
production.

Table 1: Amino acid changes of selected Yamagata lineage high vield clones.

Yamagata lineage HA NA PR2 PR BA NP ] BM2 NS
HY clones #

#28 K129k

(G34V, HBER, M117Y,

#26 G434E 197N RBOG 52527

#27 857G

Table 2: Amino acid changes of selected Vicioria lineage high vield clones.

Victoria lineage
HY clones # HA NA  PBZ PB1  PA NP M1 NS

#4 T1961 P40S M88T

#20 106A P405 D54G, Additional g
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MasT insert after

T34 AZ8T, Additional g

#25 PN P4085, MaeT insert after
T196N

position 38

. Additional g
#28 F;:;{;S;a MegT insert afier
§ position 38

*Also referred to as 38(+1)g
Mutations in lowercase and italics in this and the following tables indicale nucleotide changes in the non-

codling region

S Table 3: Amino acid changes of Yamagata lingage HY vaccine virus candidaies generated
by using reverse genetics.

Yamagata
lineage HA &NA PR2 PB1 PA NP M1 BM2 NSt
candidates

M117Y,

E52K R77K 5050T

RG(Yarn}#:

M117Y,
S252T

RG(Yam)#4 |

Additional g
insert after
position 38

D54G,

P40S g

RG{Yam}#5 |

a3gg,

P405 R77K K1760)

RG(Yam)45 |

Table 4: Amino acid changes of Victoria iineage HY vaccine virus candidates generated by
Using reverse genetics.

Yicioria
lineage HA &NA PB2 PRt PA NP M B2 NS
candidates
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Additional g inseri
after position 38

RG{VicH#2 MBET

Additional g inseri
after position 38

RG{Vici#4 MBET

RG{Vicj#e

Additional ga
inseri after
position 38

D54G

RG{Vicis MSSTS

P405

Virus libraries were passaged for a total of 12 times in MDCK cells, 2.g., 2 passages after which the
libraries may be mixed and then 10 more passages were carried out (Figure 2). After passages in MDCK
cells, plaque assays were performed and over 1,400 individual plagues were picked. High-yield candidates

S are shownin Tables 1-4.
Tables 5 and & show changes that resulied in enhanced growth in Vero cells using a similar protocol.

Table 5: Aming acid changes of Verp cell adapted HY Yamagata lineage viruses.

Yamagata HAT HA2* NA FB2 PB1 BA NP V] B2 NS1
fineage
clone

G34N, H27R

197N HEBR

k%]

Ti98P D112E E105K N188 D494N

G34N,

4 D112E R102K,T436M azz7et 197N

g2213a. P343T G34N, G2BR

s DHi2E 2207 197N HS58R

** numbering begins at cleavage site

10 Table 6: Aming acid changes of Vero cell adapted HY Victoria lineage viruses.

VYictoria
lineage HA1 HA2* NA B2 PB1 PA NP Y] BM2 NS
clone
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K39G,
556G

457N VA3AA, 880G Y42N
a2272t

2 T196A,

387H,
556G DA57N Y434A, RB0G  Y42N
aze7et

RO8K,
T196A

Y387H,
6 T196A 556G D457N VAI4A, R80G  Y42N
82272t

LA

numbering begins at cleavage site

Table 7. Amino acid changes detected after serial virus passages in embryonated chicken eggs

Virus Fgp passage | Amino acid changes in BA
Pi None
P2 MNone
P3 Mone
P4 None
. , P5 None
B/Massachusetts/2/2012 6 Nome
P7 MNone
PR None
P9 None
PiG None
Pl Mone
P2 None
P3 None
HY(Yam)+ gi’ Eg:ﬁ
B/Massachusetts/2/201 2(HA+ — -
NA) Po None
P7 None
P8 None
Pa MNone
P10 None
P1 None
P2 None
P3 MNone
. , P4 Mone
B/Brisbane/60/2008 55 Noma
P6 None
P7 None
Py None
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P9 None
P10 None
Pl None
P2 None
P3 None
P4 None
HY(Vic) + P5 None
B/Brisbane/60/2008(HA+NA) | P6 None
P7 None
P8 Noue
Pu None
Pi0 None
Pl None
P2 NI94K (loss of glycosylation
Site)
P3 NI94K (loss of glycosylation
B/Yokohama/UT-K31/2012 site)
P4 NI194K (oss of glycosylation
site)
P5 N194K (loss of glycosylation
site)
Pl None
P2 NIS4N/S (IN194S results in loss
HY(Yam} + B/Yokchama/UT- of glycosylation site)
K31/2012(HA+NA) P3 NI194S (Joss of glycosylation site)
P4 N194S (Joss of glycosylation site)
P35 N1945 (loss of glycosylation site)
Pl None
P2 T1961 (loss of glycosylation site)
B/Y okohama/UT-K1A/Z01H P3 T1961 (loss of glycosylation site}
P4 T1961 (loss of glycosylation site)
P5 T1961 (loss of glycosylation site)
Pl None
P2 TI96T/1 (T196] results in loss of
Hy(Vic) + B/Yokohama/UT- gi 43'0()'5'}'1;1{3011 A e)( Py —
KiA/Q(M L(HA+NA) P3 rio61/i (% 196.1 rgsuits in loss of
glycosylation site)
P4 T196] (loss of glycosylation site)
P5 T1961 (loss of glycosylation site)
Pl None (MDCK passages already
resulted in loss of glycosylation
Hy(Vic) + B/Yokohama/UT- P2 ;tfnzi(%;;g?;;z‘;;;}:;head ¥
KIAZ201IHA+NA) (10 e
sequential passages in MDCK n,esuhed' in E.oss of giycos‘y},auon
cells) site at posmmzas 194-196)
‘ P3 None (MDCK passages already
resulted in loss of glycosylation
site at positions 194-196)

a4
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P4 None (MDCK passages already
resulted in loss of glycosylation
site at positions 194-196)
P3 None (MDCK passages already
resulted in loss of glycosylation
site at positions 194-196)
Pl None
P2 N194D (Joss of glycosylation
site)
P3 N194D (loss of glycosylation
B/Yokchama/P-2922/2005 site)
P4 NI94D (loss of glycosylation
Site)
P5 NI94D (Joss of glycosylation
site)
Pl None
P2 N194D (loss of glycosylation
site)
HY(Yam) + B/Y okohama/P- P3 I;EtﬁgfiD (loss of glycosylation
292272005 P4 NI94D (Joss of glycosylation
site)
P35 N194D (loss of glycosylation
site)
Pl T1961 (Joss of glycosylation site)
P2 T1961 (loss of glycosylation site)
B/Tokyo/UTE2/2008 P3 T1961 (loss of glycosylation site)
P4 T1961 (loss of glycosylation site)
P5 T1961 (loss of glycosylation site}
Pl None
/ ;‘ IS - olveos PRI “'
T e
ORI R (HA+NA) P4 N194S (Joss of glycosylation site)
P5 IN1945S (loss of glycosylation site)
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All publications, patents and patent applications are incorporated herein by reference. While in the
foregoing specification this invention has been described in relalion to certain preferred embodiments thereof,
and many details have been set forth for purposes of illustration, it will be apparent to those skilled in the art
that the invention is susceptible {o additional embodiments and that certain of the details described herein
may be varied considerably withoui departing from the basic principles of the invention,
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WHAT IS CLAIMED iG:

1. An isolated recombinant influenza B virus having PA, PB1, PB2, NP, NG, and M viral segments, a
heterologous or chimeric influenza virus NA viral segment, and a helerologous or chimeric HA viral segment,
wherein the NS viral segment encodes a NS1 polypeptide having a residue other than Y &t position 42, other
than M at position 117, sther than K at position 176, and/or other than 8§ at position 252, and/or has a
nuclectide other than a at nucieotide position 32 or a nucleotide insertion after position 38, or any combination
thereof; or wharein the M viral sagmant encodes a M1 polypeptide having a residug other than G al position
34, other than D at position 54, other than R at position 77, other than M at position 86, or other than | at
position 87, or any combination therecf; or wharein the M viral sagment encodes a BM2 polypsaptide having g
residue other than H at position 58, other than R at position 80, other than H at position 27, or other than G at
position 26, or any combination thereat; or whersin the NP viral segment encodes a NP polypaptide having a
residue other than A al position 28, other than P at position 40, other than P at position 51, other than E at
position 52, other than S at position 57, other than M at position 204, and/or other than P al position 343,
and/or has a nucleotide other than g af nuclectide position 1795 or has a nucleolide other than ¢ at nuclectide
position 500, or any combination theredf; or the PA viral segment has a residue other than Y at position 3587,
other than V at position 434, other than D at position 494, and/or other than T al position 524, and/or has a
nuclectide other than a at nuclectide 2272, has a nucleotide other than a at position 1406, has a nucieotide
siher than ¢ at position 1445, or has a nuclectide other than g at nuclectide 2213, or any combination thareof;
or wherein the PB2 viral segment encodes a PB2 polypeptide having a residue other than N at position 16; or
any combination thereof.

2. The isolated virus of claim 1 wherein the NP polypeptide has at least one of: T at position 28, S at
position 40, O at position 51, K at position 52, G at position 57, T at position 204, T at position 343, a at
position 1795 or the NP viral segment has 1 at position 500.

3. The isolated virus of claim 1 or 2 wherein the M1 polypeptide has at least one of: V or N at position
34, G at position 54, K at position 77, T at position 86, or N at position 87.

4 The isplated virus of claim 1, 2 or 3 whersin the BM2 polypeptide has at least one of: B at position 58,
G at position 80, R al position 27 or R at position 26.

5. The isolated virus of any one of claims 1 1o 4 wherein the NS1 polypeptide has at least ong of: N at
position 42, Y at position 117, G at position 176, T at position 252, or the NS segment has a nuclectide
insartion of g after nucleotide position 38 or g al position 39.

8. The isclaled virus of any one of claims 1 1o B wherein the PA viral segmeni has al least one of: H at
position 387, A at position 434, N at position 494, A at position 524, g at position 1406, t at position 2272, tat
position 1445, or any combination thereof.
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7. The isolated virus of any one of claims 1 to 8 wherein the NP polypeptide has S at position 40 and the
NP vRNA has [ at nuclectide 500, the M1 polypeptide has K at position 77, the NS1 polypeptide has Q at
position 1786 and the NS vRNA has g ai nucleotide 39, and the PA vRBNA has g at nuclesiide 1406, rat
nuclectide 1445, and { at nucleotide 2272.

8. The isolated virus of any one of claims 1 to 7 wherein the NP polypeptide has S at position 40 and T
at position 204 and the NP vENA has 1 al nucleotide 500, the M1 polypeptide has T at position 88, the NS
vRNA has an insertion of g after nucleotide 38, and the PA vRNA has g at nuclectide 1408, {at nucleotide
1445, and ¢ at nuclesiide 2272.

9. The isolated virus of any one of claims 1 {0 & wherein the NA gene ssgment and the HA gane

segment are from the same influenza virus isclate.

10. The isolaled virus of any one of claims 1 1o 9 wherein the PA, PB1, PB2, NP, NS, and M viral
segments comprise segquences ancoding at least one of the following: a PB1 having the amino acid seguence
encoded by SEQ 1D NO:2 or PB1 with at least 80% amino acid sequence identity to the PB1 encoded by SEQ
ID NO:2; a PB2 having the amino acid sequence encaded by SEQ ID NO:3 or PB2 with at least 80% amino
acid seguence identity to the PB2 encoded by SEQ 1D NO:3; a PA having the amino acid seqguence encoded
by SEQ D NO:1 or PA with at least 80% amino acid sequence identity to the PA encoded by SEQ ID NO:1; a
NP having the amino acid sequence encoded by SEQ 1D NO:4 or NP with at least 80% amino acid sequence
identity to the NP encoded by SEG 1D NO4; a M having the amino acid sequence encoded by SEQ 1D NO5
or M with al least 80% amino acid sequance identity 10 the M encoded by SEQ 1D NO:5; or a NS having the
aminoe acid sequence encoded by SEQ 1D NO:S or NS with at least 95% amino acid sequence identity (o the
NS encoded by SEQ 1D NO:6.

11, The isplated virus of any one of claims 1 {0 10 which has a heterclogous HA gene segmant or a
heterciogous NA gene segment.

12. The isolated virus of any one of claims 1 to 11 wherein the M1 polypeptide has V at position 34, N at
position 97, or T at position 86, or any combination thereof; or the BM2 polypeptide has R at position 58
and/or G atl position 80; or the NP polypeptide has S al position 40 or K at position 52.

13. A vaccine having the isclaled recombinant virus of any one of claims 1 fo 12.
14. A method o prepare influenza virus, comprising: contacting a cell with:

a vecior for vRNA or cRNA production comprising a promoter operably linked 1o an infiuenza virus PA
DNA linked {0 a trangcription lermination sequences, a vector for vRNA or ¢cRNA production comprising a

promoter operably linked to an influenza virus PB1 DNA linked 1o a transcription termination sequence, a

49
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vecior for vRNA or cRNA production comprising a promoter operably linked 1o an influenza virus PB2 DNA
linked to a transcription termination sequence, a vector for vRNA or ¢RNA production comprising a promoter
operably linked to an influenza virus HA DNA linked o a transcription termination sequence, & vecior for
vRNA or cBNA production comprising a promoter operably linked o an influenza virus NF DNA linked to a
transcription termination sequence, a vector for vRNA or cRNA production comprising a promoter operably
linked to an influenza virus NA DNA linked {0 a transcription lermination sequence, a vector for viRNA or
cRNA production comprising a promoter operably linked 1o an influenza virus M DNA linked 10 a transcription
termination sequence, and a vector for vRNA or ¢BNA production comprising a promoter operably linked to
an influenza virus NS DNA linked to a transcription termination seguence, wherein the PB1, PB2, PA, NP,
NS, and M DNAs in the vectors for vENA or ¢cRNA production are from one or more influenza vaccine virus
isolates, wherein the NA DNA in the vector for vRNA or cRNA production of NA has sequences for a
heterologous or chimeric NA, and wherein the HA DNA in the vector for vRBNA or ¢RNA production of HA has
sequences for a heterologous or chimeric HA, wherein the NS viral segment encodes a NS polypeptide
having a residue other than Y al position 42, other than M at position 117, other than K at position 176, and/or
other than S al position 252, and/or has a nuclectide other than an a at position 32 or a nuclectide insertion
after position 38, or any combination thereof; or wherein the M viral segment encodes a M1 polypeptide
having a residue other than G at position 34, other than D al position 54, other than R at position 77, other
than M at position 86, other than | at position 97, or any combination thereof; or wherein the M viral segment
encodes a BM2 polypeptide having a residue other than H al position 58, other than R al position 80, other
than H at position 27, other than G at position 26, or any combination thereof; or wherein the NP viral
sagmant encodes a NP polyneptide having a residue other than A at position 28, other than P at position 40,
other than P al position 51, other than E at position 52, other than S at position 57, other than M al position
204, anc/or other than P at position 343, and/or has a nucleotide other than g at position 1795 or a nuclectide
other than ¢ at position 500, or any combination thereol; or wherein the PA viral segment has a residue other
than Y at position 387, other than V at position 434, other than D at position 494, and/or otherthan T al
position 524, and/or has a nucieolide other than a al nucleotide 2272, a nuclectide other than a al position
1406, a nuclectide other than ¢ at position 1445, and/or a nucleoctide other than g at nucleotide 2213, or any
combination thereof; or wherein the PB2 viral segment encode g PBZ polypeptide having a residueg other
than N at position 16; or any combination thereof; and

a vector for mRNA production comprising a promoler operably linked to a DNA segment encoding
influenza virus PA, a vector for mRNA production comprising a promoter operably linked to a DNA segment
encoding influenza virug PB1, a vecior for mRBNA production comprising a promoter operably linked {0 a DNA
sagment encoding influenza virus PB2, and a vector for mRNA production comprising a promoter operably
linked to a DNA segment encoding influenza virus NP;

in an amount effective to yield infectious influenza virus.
15. The method of claim 14 wherein the cell is an avian cell or a mammalian cell.

18. The method of claim 15 wherein the cell is a Vero cell, a human cell or a MDCK cell.

30



10

20

30

WO 2017/143236 PCT/US2017/018443

17. The method of any one of ¢laims 14 (o 16 wherein the NP polypeptide has S al position 40 and the
NP vRNA has [ at nuclectide 500, the M1 polypeptide has K at position 77, the NS1 polypeptide has Q at
position 1786 and the NS vRNA has g ai nucleotide 32, and the PA vRBNA has g at nucleslide 1406, rat
nuclectide 1445, and { at nucleotide 2272.

18. The method of any one of claims 14 to 16 wherein the NP polypeptide has S at position 40 and T at
position 204 and the NP vRNA has { &t nuclectide 500, the M1 polypeptide has T al position 86, the NS vRNA
has an inserlion of g afler nuclectide 38, and the PA vBNA has g al nucleolide 1406, [ al nucleolide 1445, and
f at nucleotide 2272.

18 The method of any one of claims 14 to 18 further comprising isolating the infeclious influenza virus.

20. A vector for vRNA, cRNA or mBENA expression of

a) influenza B virus NS1 having at least 85% amino acid sequence identity 1o a polypeptide encoded by SEQ
0 NO:6, 18 or 19 and at least one of: N at position 42, Y at position 117, Q at position 176, or T at position
252 in N&1, NS vRNA with g at nucleotide 39 or insertion of g after nuclectide 38;

b} influenza B virus M1 having at least 85% amino acid sequence identity 1o a M1 polypeptide encoded by
SEQID NO:E, 16 or 17 and has least one of: V or N at position 34, G af position 54, K at position 77, T al
position 86, or N at position 97 in M1;

¢) influenza B virus BM2 having al least 85% aming acid sequencs identity 1o a polypeptide ancoded by SEQ
I3 NO:5, 16 or 17 and a R at position 58, G at position 80, R at position 27 or R at position 26;

d) influenza B virus NP having at lgast 85% amino acid sequence identily to a polypeplide encoded by SEQ
i NGO:4, 14 or 15 and at least one of: T at position 28, 5 at position 40, G at position 51, K at position 52, G
at position 57, T at position 204, or T at position 343 in NP, or NP vRNA with { at nucleotide 500; or

e} influenza B virus PA having at least 85% amino acid sequence identily to a polypeptide encoded by SEQ
D NO:1 or 13 and at least one of: H at position 387, A at position 434, N at position 484, or A at position 524,
t PA vRNA with g al nucleotide 1408, with { at nucleolide 1445, or with { at nucleotide 2272.
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Figure 1
B/Yamagata/1/1973 PB2:

AGCAGAAGCGGAGCGTTTTCAAGATGACATIGGCTAAAATTGAATTGTTAAAACAACTGTTAAGGGACAACGAAGCCAAA
ACAGTATTGAAACAAACAACGGTAGACCAATATAACATAATAAGAAAATTCAATACATCAAGAATTGAAAAGAACCCTTE
ATTAAGGATGAAGTGGGCCATGTGTTCTAATTTTCCCTTGGCTCTGACCAAGGGTGATATGGCAAATAGAATCCCCTTGG
AATACAAGGGAATACAACTTAAAACAAATGCTGAAGACATAGGAACCAAAGGLCAAATGTGCTCAATAGCAGCAGTTACT
TGGTGGAATACATATGGACCAATAGGAGACACTGAAGGTTTCGAAAAGGTCTACGAAAGCTTCTTTCTCAGARAGATGAG
ACTTGACAATGCCACTTGGGGOCGAATAACTTTTGGCCCAGTTGAAAGAGTAAG AAAAAG GG TACTGCTAAACCCTCTCA
CCAAGGAAATGCCTCCAGATGAAGCGAGCAATGTGATAATGGAAATATTGTTCCCTAAGGAAGCAGGAATACCAAGAGAA
TCTACTTGGATACATAGGGAACTGATAAAAGAAAAAAGAGAAAAATTGAAAGGAACGATGATAACTCCCATTGTACTGGE
ATACATGCTTGAGAGAGAATTGGTTGCCCGAAGAAGGTTCCTGCCAGTGGCAGGAGAACATCAGCTGAGTTCATAGAAA
TGCTACACTGCTTACAAGGTGAAAATTGGAGACAAATATATCACCCAGGAGGGAATAAACTAACTGAATCTAGGTCTCAA
TCAATGATTGTAGCTTGTAGAAAAATAATCAGAAGATCAATAGTCGCATCAAACCCACTAGAGLTAGCTGTAGAAATTGE
AAACAAGACTGTGATAGATACTGAACCTTTAAAATCATGTCTGGCAGCCATAGACGGAGGTGATGTAGCCTGTGACATAA
TGAGAGCTGCATTAGGACTAAAGATCAGACAAAGACAAAGATTTGGACGGCTTGAACTAAAGAGAATATCAGGAAGAGGA
TTCAAAAATGATGAAGAAATATTGATCGGGAACGGAACAATACAGAAGATTGGAATATGGGACGGAGAAGAGGAGTTCCA
TGTAAGATGTGGTGAATGCAGGGGAATATTAAAAAAGAGCAAAATGAGAATGGAAAAACTACTAATAAATTCAGCCAAAA
AGGAGGACATGAAAGATTTAATAATCTTGTGCATGGTATTTTCTCAAGACACTAGGATGTTCCAAGGAGTGAGAGGAGAA
ATAAATTTTCTTAATCGAGCAG GLOAACTTTTATCTCCAATG TACCAACTCCAAAGATATTTTTTGAATAGGAGCAACGA
TCTTTTTGATCAATGG GGG TATGAGGAATCACCCAAAGLAAGTGAACTACATGGGATAAATGAATTAATGAATGCATCTG
ATTATACGTTGAAAGGGGTTGTAGTAACAAAAAATGTGATTGATGACTTTAGTTCTACTGAAACAGAAAAAGTATCTATA
ACAAAAAATCTTAGTTTAATAAAAAGAACTGGGGAAGTCATAATG GGG GCTAATGACG TAAGTGAATTAGAATCACAAGC
TCAGCTAATGATAACATATGATACACCTAAGATGTGGGAGATGGGAACAACCAAAGAACTGGTGCAAAACACCTACCAAT
GGGTGCTAAAAAATTTGGTAACACTGAAGGCTCAGTTTCTTCTAGGAAAAGAAGACATGTTCCAATGGGATGCATTTGAA
GCATTTGAAAGCATAATCCCCCAGAAGATGGCTGGCCAGTACAGTGGATTTGCAAGGGCAGTGCTCAAACAAATGAGAGA
CCAAGAGGTTATGAAAACTGACCAGTTCATAAAGTTGTTGCCTTTCTGTTTCTCACCACCAAAATTAAGGAGCAATGGGS
AGCCTTATCAATTCTTGAGGCTTATATTGAAGGGAGGAGGAGAAAATTTCATCG AAGTAAGGAAAG GGTCOCCTCTATTC
TCCTACAATOCACAAACAGAAGTCCTAACTATATGCGGCAGAATGATGTCATTAAAAGGGAAAATTGAAGATGAAGAAAG
GAATAGATCAATGGGGAATGCAGTATTGGCAGGCTTICTCGTTAGTGGCAAGTATGACCCAGATCTTGGAGATTTCAAAA
CTATTGAAGAACTTGAAAAGCTAAAACCGGGGGAGAAAGCAAACATCTTACTTTATCAAGGAAAGCCCG TTAAAGTAGTT
AAAAGGAAAAGATATAGTGCTTTATCCAATGACATTTCACAAGGAATTAAGAGACAAAGAATGACAGTTGAGTCCATGGG
GTGGGCCTTGAGCTAATATAAATTTATCCATTAATTCAATAAACACAATTGAGTGAAAAATGCTCGTGTTTCTACT (SEQUID
NO:1)
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B/Yamagata/1/1973 PB1:

AGCAGAAGCGGAGCCTTTAAGATGAATATAAATCCITATTITCTCITCATAGATGTACCCATACAGGCAGCAATTTCAAC
AACATTCCCATACACCGGTGTTCCCCCTTATTCCCATGGAALGGGAACAGGCTACACAATAGACACLGTGATCAGAACAL
ATGAGTACTCAAACAAGGGAAAACAGTACATTTCTGATGTTACAGGATGTACAATGGTAGATCCAACAAATGGGCCATTA
CCCRAAGACAATGAGCCGAGTGCCTATGCACAATTAGATTGCGTTCTGGAGGLTTTGGATAGAATGRATGAAGAACATCC
AGGTCTGTTTCAAGCAGCCTCACAGAATGCCATGGAGGCACTAATGGTCACAACTGTAGACAAATTAACCCAGGGGAGAC
AGACTTTTGATTGGACAGTATGCAGAAACCAACCTGOTGCAACGGCACTGAACACAACAATAACCTCTTITAGGTTGAAT
GATTTGAATGGAGCCGACAAGGGTGGATTAGTACCCTTITGCCAAGATATCATTGATTCATTGGACAGACCTGAAATGAC
TITCTTCTCAGTAAAGAATATAAAGAAAAAATTGCCTGCTAAAAACAGAAAGGGTTTCCTCATAAAGAGAATACCAATGA
AGGTAAAAGACAGAATAACCAGAGTGRAATACATCAAAAGAGCATTATCATTAAACACAATGACAAAAGATGCTGAAAGA
GGCAAACTAAAAAGAAGAGCGATTGCCACCGCTGGAATACAAATCAGAGGGTTTGTATTAGTAGTTGAAAACTTGGCTAA
AAATATCTGTGAAAATCTAGAACAAAGTGGTTTGCCAGTAGGTGGAAACGAGAAGAAGGCCAAACTGTCAAATGLAGTGG
CCAAAATGOTCAGTAACTGCCCACCAGGAGGGATCAGCATGACAGTAACAGGAGACAATACCAAATGGAATGAATGCITA
AATCCAAGAATCTTTTTGGCTATGACTGAAAGAATAACCAGAGACAGCCCAATTTGGTTCCGGGATTTTTGTAGTATAGC
ACCGGTOITGTICTCCAATAAAATAGCCAGATTGGHLAAAAGGGTTTATGATAACAAGCAAAACAAAAAGACTGAAGGETC
AAATACCTTGTCCTGATCTGTTTAGTATACCATTAGAAAGATATAATGAAGAAACAAGGGCAAAATTGAAAAAGCTGAAA
CCATTCTTCAATGAAGAAGGAACGGLATCTTTGTCGCOTGGGATGATGATGGGAATGTTTAATATGLTATCTACCGTGTT
GGGAGTAGCCGCACTAGGTATCAAAAACATTGGAAACAAAGAATACTTATGGGATGGACTGCAATCTTCTGATGATTTTG
CTCTGTTTGTTAATGCAAAAGATGAAGAGACATGTATGGAAGGAATAAACGACTT TTACCGAACATGTAAACTATTIGGGA
ATAAACATGAGCAAAAAGAAAAGTTACTGTAATGAAACTGGAATGTTTGAATTTACAAGCATGTTCTACAGAGATGGATT
TETATCTAATTTTGCAATGGAACTTCCTTCATTTIGGAGTTGCTGHAG TAAATGAATCAGCAGATATGGCAATAGGAATGA
CAATAATAAAGAACAATATGATCAACAATGGGATGGGTCCAGCAACAGCACAAACAGCCATACAATTATTCATAGCTGAT
TATAGATACACCTACAAATGCCACAGGGGAGATTCCAAAGTGGAAGGAAAGAGAATGAAAATTATAAAGGAGCTATGGGA
AAACACTAAAGGAAGAGATGGTCTGTTAGTAGCAGATGRTGRGCCTAACATITACAATTTGAGAAACTTGCATATCCCAG
AAATAGTATTAAAGTACAACCTAATGGACCCTGAATACAAAGGGCGGTTACTTCATCCTCAAAATCCCTTTIGTAGGACAT
TIGTCTATTGAGGGCATCAAAGAGGCAGATATAACCCCAGCACAT GGTCCAGTAAAG AAAATGGACTATGATGLGGTGTC
TGGAACTCATAGTTGGAGAACCAAAAGGAACAGATCTATACTAAACACTGATCAGAGGAACATGATTCTTGAGGAACAAT
GCTACGCTAAGTGTTGCAACCTTTTTIGAGGCOTGTTTTAACAGTGCATCATACAGGAAACCAGTAGGTCAGCACAGLATG
CITGAGGCTATGGCCCACAGATTAAGAATGLATGCACGACTAGATTATGAATCAGGAAGAATGTCAAAGGATGATTTTGA
GAAAGCAATGGRCTCACCTTGGTGAGATTGGGTACATATAAGCTTCGAAGATGTCTATGGGGTTATIGGTCATCATTGAAT
ACATGCGGTACACAAATGATTAAAATGAAAAAAGGCTCGTGTTTCTACT (SEQ ID NG:2)
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B/Yamagata/1/1973 PA:

AGCAGAAGCGGTGCRTTTGATITGCCATAATGGATACTTTTATTACAAGAAACTTCCAGACTACAATAATACAAAAGGLC
ARAAACACAATGGCAGAATTTAGTGAAGATCCTGAATTACAACCAGCAATGCTATTCAACATCTGCGTCCATCTGGAGGT
CTGCTATGTAATAAGTGATATGAATTTTCTTGATGAAGAAGG AAAAGCATATACAGCATTAGAAGGACAAGGHAAAAGAAL
AAAACTTGAGACCACAATATGAAGTGATTGAGGGAATGCCAAGAAACATAGCATGGATGGRTTCAAAGATCCTTAGCCCAA
GAGCATGGGATAGAGACTCCAAGGTATCTGGLTGATTTGTTCGATTATAAAACTAAGAGGTT TATAGAAGTTGGAATAAC
AAAGGGATTGGCTGATGATTACTTCY GGAAAAAGAAAGAAAAGTTGGGGAATAGCATGGAACTGATGATATTCAGCTACA
ATCAAGACTATTCGTTAAGTAATGAATCCTCATTGGATGAGGAAGGAAAAGGGAGAGTGCTAAGCAGACTCACAGAACTT
CAGGCTGAGTTAAGTCTGAAAAATCTATGGCAAGTTCTCATAGGAGAAGAAGATATTGAAAAAGGAATTGALTTCAAALT
TGGACAAACAATATCTAAACTAAGGGATATATCTGTTCCAGCTGGTTTCTCCAATT TTGAAGGAATGAGGAGITACATAG
ACAATATAGATCCTAAAGGAGCAATAGAGAGAAATCTAGCAAGGATGTCTCCCTTAGTATCAGTTACACCTAAAAAGTIG
AAATGGGAGGACCTAAGACCAATAGGGCCTCACATT TACAACCATGAGCTACCAGAAGTTCCATATAATGCCTTICTICY
AATGTCTGATGAATTGGGGLTGGCTAATATGACTGAAGGGAAGTCCAAGAAACCGAAGACCTTAGCCAAAGAGTGCCTAG
AAAAGTACTCAACACTACGGGATCAAACTGACCCAATATTAATAATGAAAAGCGAAAAAGCTAATGAACACTTCCTATGG
AAACTGTGGAGGGACTGTGTAAATACAATAAGTAATGAGGAAACAAGTAACGAATTACAGAAAACCAATTATGCCAAGTG
GGCCACAGGAGATGGATTAACATATCAGAAAATAATGAAAGAAGTAGCAATAGATGACGAAACAATGTACCAAGAAGAGC
CCAAAATACCTAACAAATGTAGAGTGGCTGLTTGGGTTCAAACAGAGATGAATCTATIGAGCACTCTGACAAGTAAAAGG
GCCCTGGATCTGCCAGAAATAGGGLCAGALGTAGCACCCOTGGAGCATGTAGGGAGTGAAAGAAGGAAATACTTTGTTAA
TGAAATCAACTACTGTAAGGCCTCTACCGTTATGATGAAGTATGTACTTTITCACACTTCATTATTAAATGAAAGCAATG
CCAGCATGGGAAAATATAAAGTAATACCAATAACCAACAGAGTAGTAAATGAAAAGGGAGAAAGTTTTGACATGCTTTAT
GGTCTAGCGGTTAAAGGGCAATCTCATCTGAG GGGAGATACTGATGTTGTAACAGTTGTGACTTTCGAATTTAGTAGTAC
AGATCCCAGAGTGGACTCAGGAAAGTGGCCAAAATATACTGTATTTAGAATTGGCTCCITATTTGTGAGTGGGAGGGAAA
AATCTGTATACCTATATIGCCGAGTGAATGGTACAAATAAGATCCAAATGAAATGGGGAATGGAAGCTAGAAGATGTCTG
CITCAATCAATGCAACAAATGGAAGCAATTGTTGAACAAGAATCATCGATACAAGGATATGACATGACCAAAGCTIGTTT
CAAGGGAGACAGAGTGAATAGTCCAAAAACTTTCAGTATTIGGGACTCAAGAAGGAAAALTAGTGAAAGGATCCTTTGGGA
AAGCACTAAGAGTAATATTCACCAAATGTTTGATGCACTATGTATITGGAAATGCCCAATTGGAGGGGTTTAGTGCLGAA
TCTAGGAGACTTCTACTGTTAATTCAGGCATTAAAAGACAGAAAGGGCLCTTGGGTATTCGACTTAGAGGGAATGTATIC
TGGAATAGAAGAATGTATTAGTAACAACCCTTGGGTAATACAGAGTGCATACTGGTT TAATGAATGGTTGGGCTTTGAAA
AAGAGGGGAGTAAAGTATTAGAATCAGTAGATGAAATAATGGATGAATGAAAGAAGGGCATAGTGCTCAATTIGGTACTA
TITTGTTCATTATGTATCTAAACATCCAATAAAAAGAATTGAGAATTAAAAATGCACGTGTTTCTACT (SEQ 1D NI:3)
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B/Yamagata/1/1973 NP
AGCAGAAGCACAGCATTTICTTGTGAACTTCAAGTACCAACAAAARAACTGAAAATCAAAATGTCCAACATGGACATTGALC
GGQCATCAACACTGGAATAATTGACAAAACACCAGAAGAAATAACTTCCOGAACCAGTGGGG CAALCAGACCAATCATCAG
ACCAGCAACCCTTGCCCCACCAAGCAACAAALGAACCAGAAACCCATCCCCGGAAAGGGCAACCACAAGCAGTGAAGCTG
ATGTCGGAAGGAARACCCAAAAGAAACAAALTCCGACAGAGATAAAGAAGAGLGTCTACAATATGGTAGTGAAALCTGGGT
GAATTCTACAACCAGATGATGGTCAAAGCTGGACTCAACGATGACATG GAGAGAAACTTAATCCAAAATGCACATGCTGT
GGAAAGAATTCTATTGGCTGCTACTGATGACAAGAAAACTGAATTCCAAAAGAAAAAGAATGCCAGAGALGTCAAAGAAG
GGAAAGAAGAAATAGACCACAACAAAACAGGAGGCACCTTTTACAAGATGGTAAGAGATGATAAAACCATCTACTTCAGC
CCTATAAGAATTACCTTTTTAAAAGAAGAGGTGAAAACAATGTACAAAACCACCATGGLGAGTRACGOTITCAGTGRALCT
AAATCACATCATGATTGGGCATTCACAGATGAACGATGTCTGTTTCCAAAGATCAAAGGCACTAAAAAGAGTTGGACTTG
ACCCTTCATTAATCAGTACTTITTGCAGGAAGCACACTCCCCAGAAGATCAGG TACAACTGGTOTTGUGACCAAAGGAGHT
GGAACTTTAGTGGUAGAAGUCATTCGATTTATAGGAAGAGCAATGGCAGACAGAGGGCTATTIGAGAGACATCAGAGCCAA
GACGGCCTATGAAAAGATTCTTCTGAATCTGAAAAACAAGTGUTCTGCGCCCCAACAAAAGGCTCTGGTTIGATCAAGTGA
TCOGAAGTAGAAATCCAGGOATTGCAGACATAGAAGATCTCACCOTGUYTGCTCGAAGTATGGTCGTTGTTAGGCCCTCT
GTAGCAAGCAAAGTGGTGUITCCCATAAGCATCTATGUTAAAATACCTCAACTGGGOTTCAALGTTGAAGAATACTCTAT
GGTTGGGTATGAAGCCATGGCTCTTITATAATATGGCAACACCTGTTTCCATATTAAGAATG GGAGALGATGCAAAAGATA
AATCACAATTATTCITCATGTCTTGCTTTGOAGCTGUCTATGAAGACCTAAGAGTTCYGTCTG CACTAACAGGCACGGAA
TICAAGCCTAGGTCAGCATTAAAGTGCAAAGGTTTCCALGTTCCAGCAAAGGAGCAAGTGGAAGGAATGGGGGECAGCTCT
GATGTCCATCAAGCTCCAGTTTTGGGUTCCAATGACCAGATCTGG GGGHAATGAAGTAGGTGGAGACGGAGGGTCTGGTC
AAATAAGTTOCAGCLCCOTGTITGCAGTAGAAAGALCTATTGCTCTAAGCAAGLAAGCTGTAAGAAGAATGCTGTCAATG
AATATTGAGGGACGTGATGCAGATGTCAAAGGAAATCTACTCAAGATGATGAATGATTCAATGGCTAAGAAAACCAATGEG
AAATGCTTTCATTGGGAAGAAAATGTTCCAAATATCAGACAAARACAAAACCAATCCCGTTGAGATTCCAATTAAGCAGA
CCATCCCCAGTTITCITCTTITGGGAGGGACACAGUAGAGGATTATGATGACCTCGATTATTAAAGCAACAAAATAGACACT
ATGGLYGTGATTGTTTCAGTACGTTTGGAATGTGGGTGTITACTCTTATTGAAATAAATGTAAAAAATGCTGTTGTTITLT {SEQ
D NO:4)

B/Yamagata/1/1973 M:
AGCAGAAGCACGCACTTTICTTAAAATGTCGCTGTITGGAGACACAATTGCCTACCTGCTTTCACTAACAGAAGATGGAGA
AGGCAAAGCAGAACTAGLGGAAAAATTACACTGTTGGTTCGGTGGGAAAGAATTCGATCTAGACTITGCTTTGGAATGGA
TAAAAAACAAAAGATGCCTAACTGATATACAAAAAGCACTAATTGGTGLCTCTATCTGUTTITIGAAACCCAAAGALCAA
GAAAGAAAAAGAAGATTCATCACAGAGCCCCTGTCAGGAATEGGAACAACAGCAACAAAAAAGAAAGGCCTGATTCTAGC
TGAAAGAAAAATOAGAAGATGTGTGAGTTTTCATGAGGCATTTGAAATAGCAGAAGGLCATGAAAGCTCAGCACTALTAT
ATTGTCTCATGGTCATGTACCTGAACCCTGGAAATTATTCAATG CAAGTAAAACTAGGAACGUTCTGTGLTTTATGLGAG
AAACAAGCATCACATTCACACAGAGCTCATAGCAGAGCAGCAAGATITTCAGTGCUTGGAGTGAGGIGAGAAATGCAARAT
GOTTICAGCTATGAACACAGCAAAAACAATGAATGGAATOGGRAAGGGAGAAGATGTCCAAAAACTGGCAGAAGAGCTGE
AAAGCAACATTGGAGTATTGAGATCTCTGGGGGLAAGTCAAAAGAATOGAGAAGGAATTGLAAAGGATGTAATGGAAGTG
CTAAAGCAGAGCTCCATGGGAAATTCAGCTCTTGTGAAGAAATACCTATAATGCTCGAGCCATTTCAGATTCTTTCAATT
TGCTCVTTTCATTITTATCGG CTCTCCATTTCATGGGUTOGACAATAGGGCATTTAAATCAAATAAAAAGAGGAGTAAACCT
AAAAATACGAATAAGAAATCCAAATAAAGAGACAATAMTAGAGAGGTATCAATTTTIGAGACACAGTTACCAAAAAGAAA
TCCAAGLCAAAGAAACAATAAAGGAAGTACTCTCTGACAACATGGAGAGATTGAGTGACCACATAGTAATTIGAGGGGCTT
TCTGUTGAAGAGATAATAAAAATGGGTOAAACAGTITIGGAGGTAGAAGAATTGCATTAAACCCAATTTTCACCGTATIT
CTTACTATGCATTTAAGCAAATTGTAATCAATGTCAGCAAATAAACTGGAAAAAGTGCGTTGTTTCTALT (SEQID NO:5}
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B/Yamagata/1/1973 N5:

AGCAGAAGCAGAGGATTTGTTTAGTCACTGGLAAACGGAAAAAAATGGLGGACAACATGACCACAACACAAATTRAGGTG
GGTCCGGGAGCAACCAATGLCACTATAAALTTTGAAGCAGGAATTTTIGGAGTGCTATGAAAGGCTTTCATGGCAAAGAGC
CCTTGACTACCCTGGTCAAGACCGCCTAAACAGACTAAAGAGAAAATTAGAATCAAGAATAAAGACTCACAACAAAAGTG
AGCCTGAAAGTAAAAGGATGTCTCTTGAAGAGAGAAAAGCAATTGGGRTAAAAATGATGAAAGTGCTCCTATITATGRAAC
CCATCTGCTGGAATTGAAGGGTTTGAGCCATACTGTATGAAAAATTCCTCCAATAGCAACTGCCCAAACTGCAATTGGGE
COATTACCCTCCAACATCAGHAAAGTGLCTTGATGACATAGAAGAAGAACCGGAGAATGTTGATGACCCAACTGAAATAG
TATTAAGGGACATGAACAACAAAGATGCAAGGCAAAAGATAAAAGAGGAAGTAAACACTCAGAAAGAAGGGAAGTTCLGT
TTGACAATAAAAAGGGATATACGTAATGTGTTGTCCTTGAGAGTGTTGGTAAACGGAACATTCCTCAAGCACCCTAATGG
ATACAAGTCCTTATCAACTCTGCATAGATTGAATGCATATGACCAGAGTGGAAGGCTTGTTGCTAAACTTGTTGLTACTG
ATGATCTTACAGTGGAGGATGAAGAAGATGGCCATCGGATCCTCAACTCACTCTTCGAGCGTTTTAATGAAGGACATTCA
AAGCCAATTCGAGCAGCTGAAACTGCOOTGGLAGTCTTATCCCAATTTGGTCAAGAGCACCGATTATCACCAGAGGAGGG
AGACAATTAGACTGGTTACGGAAGAACTTTATCTTTTAAGTAAAAGAATTGATGATAACATATTIGTTCCACAAAACAGTA
ATAGCTAACAGCTCCATAATAGCTGACATGATTGTATCATTATCATTATTIGGAAACATTGTATGAGATGAAGGATGTGGT
TGAAGTGTACAGCAGGCAGTGCITGTGAATTTAAAATAAAAATCCTCTTGTTACTACT (SEQ D NO:6)

HA

by
1 tttctaatat ccacaaaatqg aaggcaataa ttgtactact

61 cagatcgaat chtgcactggg ataacatcett casactcacce

121 ctcaagggga agttaatgtyg actggtogtga taccactgac aa
181 ga acaaagacca gagggaaact
241 gcacagatct ggatgtyggece ttgggecagac caatgtgtat
201 aagcttcaat gtcagacctg ttacatccgy

ctacccaatce ttcteagagyg at

goagaaagyyg caccaggaygy

cecetaacgtt accagtagaa acggattett cgeaacaatyg gott

541 tcccaaggga caacaaaaca glaacgaatce cactaacagt agaagtacca

601 caaaaggaga agaccaaatt actgtttggg ggttccattc tgatgacaaa acccaaatga
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Figure 4
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Figure 16

Yamagata/1/73 PBZ:

AGCAGAAGCGBAGCGTTTTCAAGATAACATTGBCTAAMAT TOAATTGTTAAAACAACTATTAAGGGACAACGAAGCCAAA
ACAGTATTGAAACAAACAACGGTAGACCAATATAACATAAT AAGAARATTCAATACAT CAAGAATT GAAAAGAACLCTTC
ATTAAGGATGAAGTGGGECCATGTETTCTARTTITCCCTTBGUTCTGACCAAGGGT GATATGGUAMTAGAATCCCCTTGG
AATACAAGHGAATACAACT TAMACAAAT GCTGAAGACATAGGAACCAALGGCCAAATGTGCTCAATAGCAGCAGT TACC
TEGTGGAATACATATGGACCAATAGGAGACACTGAAGGTTTCGAAMAGGTCTACGAAAGCTTCTTTOTCABAAGATEAG
ACTTGACAAT GCCACTTGEGECCGAATAACTTTTGECCCAGTT GAMGAGT AAGAMAAGGGTACTGCTARACCCTCTCA
CCAAGGAALTGCCTCCAGATGAAGCGAGCAAT GTGATAATGGAMTATTGTTCCCTAAGGAAGCAGGAATACCAAGAGAA

TCTACTTGGATACATAGGGAACT GATAAAAGAAAAAAGAGAAAAAT TCGAAAGGAACGAT GATAACTCCCATTGTACTGGE

ATACATGCTTGAGAGAGAATTGGTTGCCCEAAGAAGGTTCCTGCCAGTGGCAGCAGCAACATCAGCTGAGT TCATAGAAA
TGCTACACTGCTTACAAGGTCAAAATT GEAGACAAATATATCACCCAGGAGGGAATAAACTAACTGAATCTAGGTCTCAA

TCAATGATTGTAGCTTGTAGAARAATAAT CAGAAGATCAATAGTCGCATCAAACCCACTAGAGCTAGCTGTAGAMATTGC

AAACAAGACTGTGATAGATACTGAACCTTTAAMAT CATGTCTGGCAGCCATAGACGGAGGTGATGTAGCCTGTGACATAA

TGAGAGCTGCATTAGGACTAAAGATCAGACAAAGACAAAGATTTGGACGGCTTGAACTAAAGAGAATATCAGGAAGAGG/

TTCAAAAATGATGAAGAAATATTGATC GEGAACGGAACAATACAGAAGAT TGGAATATGGGAC GGAGAAGAGGAGTTCCA

TGTAAGATOTGGT GAAT GCAGGOGAATATTAAMALA GAGCAAAAT GAGAAT GEAAMAACTACTAATAAATTCAGCCARAA

AGGAGGACATGAAAGATTTAATAATCTTGTGCATGGTATTTTCTCAAGACACTAGGATGTTCCAAGGAGTGAGAGGAGAA

ATAAATTTTCTTAATCGAGCAGGCCAACTTTTATCTOCAATGTACCAACTCCAAAGATATTTTTTGAATAGGAGCAACGA

TCTTTTTGATCAATGGGEGTATGAGGAATCACCCAAAGCAAGT GAACTACATCGGATAAAT GAATTAATGAATGCATCTG

ATTATACETTGAAAGGEGTTGTAGTAACAAAAANT GTGATTATBACT TTAGTTCTAC TOAASCAGAAMAGTATCTATA

ACAAAMATCTTAGTTTAATAAAMAGAACT GGGGAAGTCATAATGGGG GCTAAT GACCGTAAGT GAATTAGAAT CACAAGC

TCAGCTAATGATAACATATGATACACCTAAGAT GTGGGAGAT GGGAACAACCAAAGAACTGGTGCAAMACACCTACCAAT

GGGTGCTAAAAAATTTGGTAACACT GAAGGCTCAGTTTCTTCTAGGAAAAGAAGACATGTT CCAATGGGATGCATTTGAA
GCATTTGAAAGCATAATCCCUCAGAAGATGGCTGGCCAGTACAGT GGATTTGCAAGGEGCAGT GCTCAAACAAATGAGAGA

AGCCTTATCAATTCTTGAGGCTTATAT TGAAGGGAGGAGCAGAAAAT TTCATCGAAGTAAGCAAAGGGTCCCCTCTATTE
CCTACAATCCACAAACAGAAGTCCTAACTATATGCGGCAGAAT GATGTCAT TAAMAGGGAAAAT TCAAGATGAAGAAAG

GAATAGATCAATGGGGAATGCCAGTATTGGCAGGCTTTCTCGTTAGTGGUAAGTAT GACCCAGATCTTGGAGATTTCAAAA
CTATTGAAGAACTTGAAAAGCTAAMACCGGGGGAGARAGCAAMCATCTTACTTTATCAAGGARAGCCCGT TAAMGTAGTT
AAAAGGAAAAGATATAGTGCTTTATCCAATGACATTTCACAAGGAATT AAGAGACAAAGAATGACAGTTGAGTCCATGGG

GTGGGCCTTGAGCTAATATAAATTTATCCATTAATTCAATAMACACAAT TGAGT GAAMAATGCTCGTGTTTCTACT (SEQID NO: 1Y)



WO 2017/143236 PCT/US2017/018443
20/27

Yamagata/1/73 PB1:

AGCAGAAGCGGAGCCTTTAAGATGAATATAARTCCTTATTTTCTCTTCATAGAT GTACCCATACAGGCAGCAATTTCAAL

AACATTCCCATACACCGGTGTTCCCCCTTAT TCCCAT GGAACGGGAACAGGCTACACAATAGACACCGTGATCAGAACAC

ATGAGTACTCAAACAAGGGAAAACAGTACATT TCTGATGTTACAGGAT GTACAATGGTAGATCCAACAAATGGGCCATTA

CCCGAAGACAATGAGCCCGAGTGCCTATGCACAATTAGATTGCGTTCTGGAGGCTTTGGATAGAATGGATGAAGAACATCC

AGGTCTGTTTCAAGCAGCCTCACAGAAT GCCATGGAGGCACTAATGGTCACAACTGTAGACAAATTAACCCAGGGGAGAC

AGACTTTTGATTGGACAGTATGCAGAAAC CAACCTGCTGCAACGGCACT GAACACAACAATAACCTCTTTTAGGTTGAAT

GATTTGAATGGAGCCGACAAGGGTGGATTAGTACCCTTTTGCCAAGATATCATTGATTCATTGCGACAGACCTGAAATGAL

GGUAAACTAAAAAGAAGAGCUGATT GCCACCGCTGGAATACAAATCAGAGGGTTTGTATTAGTAGTT GAAAACTTGGCTAA

AATATCT GTGAAMAT CTAGAACAAAGTGGTTTGCCAGTAGGTGGAAACGAGAAGAAGGCCAMALTGTCAAATGCAGT GG

CCAAMATGOTCAGTAAC TGCCCACCAGGAGGOAT CAGCATGACABTAAC AGGAGACAATACCAAATGBAATGAATGCTTA

AATCCAAGAATCTTTTTGGCTATGACT GAAAGAATAACCAGAGACAGCCCAATTTGETTCCGGGATTTTIGTAGTATAGE

ACCGGTCTTGTTCTCCAATAAAATAGCCAGATTGCGAAAAGGGET TTATGATAACAAGCAAAACAAAAAGACTGAAGGCTC

ABATACCTTG [ TTAGTATACCATTAGAAAGATATAAT GAAGAAACAAGGGCAAAATTGAAAAAGCTGAAA

CCATTCTTCAATGAAGAAGGAACGGCATCTTTGTCGUCTGGGATCATGATGGGAATGTTTAATATGCTATCTACCGTGTT

GGGAGTAGCCGCACTAGGTATCAAMAACAT TGCAAMCAAAGAATACTTATGGGAT GGACTGCAATCTTCTGATGATTTTG

CTGTTTGTTAATGCAAAAGAT GAAGAGACAT GTAT GGAAGGAATAAACGACT TTTACCGAACATGTAMCTATTGGGA

ATAAACAT GAGCAAAAAGAAMGTTACTGTAATGAAACT GGAAT GTTTGAATTTACAAGC AT GTTCTACAGAGATGGATT

T GAATCAGCAGATATGGCAATAGGAATGA
CAATAATAAAGAACAATATGATCAACAATGGCATGGGTCCAGCAACAGTACAACAGCCATACAATTATTCATAGCTGAT
TATAGATACACCTACAAATGCCATAGGGGAGATTCCAAAGTGGAAGGAAAGAGAATGAAAAT TATAAAGGAGCTATGG GA
AAACACTAAAGGAAGAGATGGTCTGTTAGTAGCAGATGGTGGRCCTAACATTTACAATTTGAGAAACTTGCATATCCCAG
AAATAGTATTAAAGTACAACCTAATGGACCCTGAATACAAMAGGGUGGT TACTTCATCCTCARAATCCCTTTGTAGGACAT
TTGTCTATTGAGGGCAT CAAAGAGGCAGATATAACCCCAGCACATGGTCCACTAAGAAMATGGACTATGATGCGGTGTC
TGGAACTCATAGTTGGAGAAC CAAAAGGAACAGATCTATACTAAACACTGAT CAGAGGAACAT GATT CTTGAGGAACAAT
GCTACGCTAAGTGTTGCAACCTTTTTGAGGCCTGTTTTAACAGT GCATCATACAGGAAACCAGTAGGTCAGCACAGCATG
CTTGAGGCTATGGCCCACAGATTAAGAATGGATGCACCACTAGATTATGAATCAGGAAGAATGTCAAAGGATGATTTTGA
GAAAGCAATGGCTCACCTT GGTCGAGATTGGGTACATATAAGCTTCGAAGATGTCTATGGGGTTATTGGTCATCATTGAAT

ACATGUGGTACACAAATCGATTAASATEAAAAAAGGCTCETGTTTCTACT (SEQID NOG:12)



WO 2017/143236 PCT/US2017/018443
21727

Yamagata/ /73 PA af406g/c14458a2272¢;

CAGACTACAATAATACAARAGGCC
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AGCAGAAGCGGTGCETTTGATTTGCCATAATGGATAC
AAMAACACAATGGCAGAATTTAGTGAAGATCCTGAATTACAACCAGCAAT GCTATTCAACATCTGCGTCCATCTGGAGGET
CTGCTATGTAATAAGTGATATGAATTTTCTT GATGAAGAAGGAAMGCATATACAGCATTAGAAGGACAAGGAAAAGAAC
AAAACTTGAGACCACAATATGAAGT GATT GAGGGAATGCCAAGAAACATAGCATGGATGGTTCARAGATCCTTAGC CCAA
GAGCATGGGATAGAGACTCCAAGGTATCTGGCTGATTTGTTCOATTATAAMACTAAGAGGTTTATAGAAGT TGGAATAAC
AAAGGGATTGGCTGATGATTACTTCTGGAAAAAGAAAGAAAAGE TGGGCAATAGCAT GGAACTGATGATATTCAGCTACA
ATCAAGACTATTCGTTAAGTAATGAATCCTCATTGGATGAGGAAGEAAAAGEGAGAGTGCTAAGCAGACT CACAGAACTT
CAGGCTGAGTTAAGTCTGAAAAATCTATGGECAAGTTCTCATAGGAGAAGAAGATATT GAAAMAAGGAATTGACTTCAAALT
TEGACAAACAATATCTAAACTAAGGGATATATCTGTTCCAGCTGGT TTCTCCAATT TTGAAGGAAT GAGEAGCTACATAG
ACAATATAGATCCTAAAGGAGCAATAGAGAGAAATCTAGCAAGGATGTCTCCCTTAGTATCAGTTACACCTAAAAAGTTG
AATGGGAGGACCTAAGACCAATAGGGCCTCACAT TTACAACCATGAGCTACCAGAAGTTCCATATAATGCCTITCTICT
AATGTCTGATGAATTGGGGCTGGCTAATAT GACTGAAGGGAAGTCCAAGAAAC CGAAGACCTTAGC CAAAGAGTGCCTAG
AAAAGTACTCAACACTACGGGATCAAACT GACCCAATATTAATAATGAAAAGCGAAAAGCTAATGAACACTTCCTATGE
ABACTGTGGAGGGACTGT GTAAATACAATAAGTAAT GAGGAAADAAGTAACGAATTACAGAAAAC CAATTATGCCAAGTG
GGCCACAGGAGAT GGATTAACATATCAGAAAATAAT GAAAGAAGTAGCAATAGAT GACCAAACAATGTACCAAGAAGAGE
COAAAATACCTAACAAATGTAGAGTGGCTGLTTGGGT T CAAACAGAGAT GAATCTATTGAGCACTCTGACAAGTAAAAGE
GCCCTGGATCTGCCAGARATAGGGCCAGACGTAGCALCCGTGCGAGCAT GTAGGGAGT CAAAGAAGGAAATACTTTGTTAA
TGARATCAACTACTGTAAGGCCTCTACCGTTATGATGAAGTATGTGCTTTTTCACACTTCATTATTAAAT GARAGCAATG
CCAGTATGGGAAMATATAAAGTAATACCAATAACCAACAGAGTAGT AAAT GAAAAGGGAGAAAGTTTTGACATGCTTTAT
GGTCTAGCGGTTAAAGGGCAATCTCATCTGAGGCGAGATACTGATGTTGTAACAGTTGTGACTTTCGAATTTAGTAGTAC
AGATCCCAGAGTGGACTCAGGAAAGT GGCCAARATATACT GTATTTAGAATTGGCTCCTTATT TGTGAGTGGGAGHEGAAA
AATCTGTATACCTATATYGUCGAGTGAATGGTACAAATAAGATCCAAATGAAATGGEGAATGGAAGCTAGAAGATGTCTG
CTTCAATCAATGCAACAAATGGAAGCAATTGTT GAACAAGAATCATOGATACAAGGATAT GACATGACCAAAGCTIGTTT
CAAGGGAGACAGAGTGAATAGTCCAAAAACTTTCAGTATT GGGACTCAAGAAGGAAAACTAGTGAAAGGATCCTTTGEGA

AAGCACTAAGAGTAATATTCACCAAATGTTTGATGCACTATGTATTTGCAAMTGCCCAATTGGAGGEGTTTAGTGCCGAA

GGAATAGAAGAATGTATTAGTAACAACCCTTGGGTAATACAGAGT GCATACTGGTTTAATGAATGGTTGEGCTTTGAAA
AAGAGGGGAGTAAAGTATTAGAAT CAGTAGAT GAAATAAT GGAT GAATGARAGAAGGGCATAGTGCTCAATTTGGTACTA

TTTTGTTCATTATGTATCTAAACATCCAATAT AAAGAATTGAGAATTAAMAAT GCACGTGTTTCTAST (SEQID NO:13)



WO 2017/143236 PCT/US2017/018443
22/27

Yamagatal/1/73 NP P4OS, c300
AGCAGARGCACAGCATTTTCTTGTGAACT TCAAGTACCAACAAAARACT GAAAATCAAMATGTCCAACATGGACATTGAC
GGCATCAACACTEGAATAATT GACAAAACACCAGAAGAAATAACTTCCBGAAC CAGTBGGGECAACCAGACCAATCATCAG
ACCAGCAACCCTTGUCTCACCAAGCAATAAACGAAC CAGAAACCCATCCCCEGAAMGEGOAACCACAAGCAGTGAAGCTG
ATGTCGBAAGGAMACCCAAMAGAAACAAACT CCGACAGAGAT AAAGAAGAGCGTO TACAATAT GETAGT GAAMCTGGGT
GAATTCTACAACCAGAT GATGGTCAMECTGGACTCAACGAT GACATGGAGAGAAACCTAATCCARAAT GCACATGLTGT
GGAMGAATTCTATTGGCTGCTACTGAT GACAAGAAAACT GAAT TCCAAMAGAAAAAGAAT GLCAGAGACGT CAALGAAG
(GGAAAGAAGAAATAGACCATAACAAAACAGHAGGCACCT TTTACAAGAT GGTAAGAGAT GATAAAACCATCTACTTCAGC
COTATAAGAATTACCTTTTTAAMAGAAGAGGTGAARACAATGTACAAAAGCACCAT BGGGAGTBACBGTTTCAGTGGACT
AAATCACATCATGATTGGGCATTCACAGAT GAACGATGTCTGTT TCCAAAGATCAAAGGCACTAAAAAGAGTTGGACTTG
ACCCTTCATTAATCAGTACTTTTGCAGGAAGCACACT COCCAGAAGAT CAGGTACAALT GETGTTGLGACCAAAGGAGGT
GGAACTTTAGTGGUAGAAGCCATTCGATTTATAGGAAGAGCAAT GGCAGACAGAGGECTATT GABAGACATCAGAGCCAA
GACGGCCTATGAARAGATTCTTCTGAATCTEAAAAACAAGTECTCTGUGCCCCAACAMAGGCTCT GETTGATCAAGTGA
TCOBAAGTAGAAATCCAGGGAT TECAGACATAGAAGATCTCACCCTGCTTGCTCGAAGTATGGTCETTGTTAGECCCTCT

GTAGCAAGCAAAGTGGTGCTTCCCATAAGCATCTATGCTAAAATACCTCAACTGGGGTT CAACGT TGAAGAATACTCTAT

GGTTGGGTATGAAGCCATGGCTCTTTATAATATGGCAACACCTGTTTCCATATTAAGAAT GGGAGACGAT GCAAAAGATA
AATCACAATTATTCTTCATGTCTTGCTTTGCGAGCTGUCTATGAAGACCTAAGAGTTCTGTCTGCACTAACAGGCACGGAA

TTCAAGCCTAGGTCAGCATTAAAGT GCAAAGGTTTCCACGTT CCAGCAAAGGAGCAAGT GGAAGGAATGGGEGCAGCTCT
GATGTCCATCAAGCTCCAGTTTTGGGCTCOAATGACCAGATCTGGGGGGAATGAAGTAGGTGCAGACGBAGGETCTGGTC
AARTAAGTTGCAGCCCCGTGT TT GCAGTAGAAAGACCTATTGCTCTAAGCAAGCAAGCTGTAAGAAGAATGCTGTCAATG
AATATTGAGGGACGT GATGCAGATGTCAAAGGAAATCTACTCAAGATGATGAATGATTCAATGGC TAAGAAAACTAAT GG
AAATGCTTTCATTGGCAAGAARATGTTCCAAATATCAGACAAAAACAAAACCAATCCCGTTGAGATT CCAATTAAGCAGA
CCATCCCCAGTTTCTTCTTTGGGAGGGACATAGCAGAGGAT TATGATGACCTCGATTAT TAAAGCAACAAAATAGACACT
ATGGCTGTGATTGTTITCAGTACGTTTGGAATGTGGGTGTTTACTCY TATT GAAATAAATGTAAAAAATGETGTTGTTTCT

ACT (SEQ ID NO:14}



WO 2017/143236 PCT/US2017/018443
23/27

Yamagata/1/73 NP P4OS/M204T, 5008
AGCAGAAGCACAGCATTTTCTTGTGAACTTCAAGTACCAACAAAAAALTGAASATCAAMATGTCCAACATGGACATTGAC
GGCATCAACACTGGAATAATT GACAAAACACCAGAAGAAATAACTTCCGGAACCAGT GGGGCAACCAGACCAATCATCAG
ACCAGCAACCCTTGCCTCACCAAGCAACAAACGAACCAGAMCCCATCCCCGGAMGBGGGLAACCACAAGCAGTGAAGCTG
ATGTCGGAAGGAAAACCCAAAAGAAACAAACT CCGACAGAGATAAAGAAGAGC GTCTACAATAT GG TAGT GAACTGGGT
GAATTCTACAACCAGATGATGGET CAAAGCTGGACTCAACGAT GACATGGAGAGAAACCTAATCCAAAATGCACATGETGT
GGAAAGAATTCTATTGGCTGCTACTGATGACAAGAAAACT GAATTCCAAAAGAAAAAGAAT GUCAGAGACGTCAAAGAAG
GGAAAGAAGASATAGACCATAACAAALCAGGEAGGCACCT T TTACAAGAT GG TAAGAGAT GATARAACCATCTACTTCAGC
CCTATAAGAATTACCTTTTTAAAAGAAGAGGTGAAASACAAT GTACAARACCACCAT GGGGAGT GACGGTTTCAGTGGACT
AAATCACATCATGATT GGGCATTCACAGACGAACGATGTCTGTTTCCAAAGATCAAAGGCACTAAAAAGAGTTGGACTTE
ACCCTTCATTAATCAGTACTTTTGCAGGAAGCACACTCCCCAGAAGAT CAGGTACAACTGGTGT T GUGACCAAAGGAGGT
GGAACTTTAGTGGCAGAAGCCATTCGATTTATAGGAAGAGCAATGGCAGACAGAGGGCTATT GAGAGACATCAGAGCCAA
GACGGCCTATGAAAAGATTCTTCTGAATCTGAAAAACAAGTGCTCTGCGCCCCAACAAAAGGCTCTGGTTGATCAAGTGA
TCGGAAGTAGAAATCCAGGGATTGCAGACATAGAAGATCTCACCCTGCTTGCTCGAAGTATGGTCGTTGTTAGGCCCTCT
GTAGCAAGCAAAGTGGTGCTTCCCATAAGCATCTATGCTAAAATACCTCAACTGGGGTT CAACGT TGAAGAATACTCTAT
GGTTGGGTATGAAGCCATGGCTCTTTATAATATGGCAACACCTGTTTCCATATTAAGAAT GGGAGACGAT GCAAAAGATA
AATCACAATTATTCTTCATGTCTTGCTTTGCGAGCTGUCTATGAAGACCTAAGAGTTCTGTCTGCACTAACAGGCACGGAA
TTCAAGCCTAGGTCAGCATTAAAGT GCAAAGGTTTCCACGTT CCAGCAAAGGAGCAAGT GGAAGGAATGGGEGCAGCTCT
GATGTCCATCAAGCTCCAGTTTTGGGCTCOAATGACCAGATCTGGGGGGAATGAAGTAGGTGCAGACGBAGGETCTGGTC
AARTAAGTTGCAGCCCCGTGT TT GCAGTAGAAAGACCTATTGCTCTAAGCAAGCAAGCTGTAAGAAGAATGCTGTCAATG
AATATTGAGGGACGT GATGCAGATGTCAAAGGAAATCTACTCAAGATGATGAATGATTCAATGGC TAAGAAAACTAAT GG
AAATGCTTTCATTGGCAAGAARATGTTCCAAATATCAGACAAAAACAAAACCAATCCCGTTGAGATT CCAATTAAGCAGA
CCATCCCCAGTTTCTTCTTTGGGAGGGACATAGCAGAGGAT TATGATGACCTCGATTAT TAAAGCAACAAAATAGACACT
ATGGCTGTGATTGTTITCAGTACGTTTGGAATGTGGGTGTTTACTCY TATT GAAATAAATGTAAAAAATGETGTTGTTTCT

ACT (SEQ 1D NO:1b}



WO 2017/143236 PCT/US2017/018443
24/27

Yamagata/1/73 M R77K:

AGCAGARGCACGCACTTTCTTAAAATGTCGCT GTTTGGAGACACAATTGBCCTACCTGUTTTCACT AACAGAAGAT GGAGA
AGGCAMGCAGAACTAGCGEAAMATTACACTGTTGGTTCGETGEGAMGAAT TCGATCTAGACTCTGCTTTEGAATGEA
TAAMAAACAARAGATGCCTAACTGATATACAAMAAGCACTAATTBGTGCCTCTATCTGCTTTTT GAAACCCARAGACTAA
GAAAGAAMAGAAAATTCATCACAGAGCCCCTGTCAGGAATGBGAACAACAGCAACAAAAAGARAGGCOTGATTCTAGC
TGAAAGAAAAAT GAGAAGATGTGTGAGTTTTCATGAGGCATT TGAAATAGCAGAAGGCCAT GAAGCTCAGCACTACTAT
ATTGTCTCATGGTCATGTACCTGAACCCT GGAAATTATTCAAT GCAAGTAAMAC TAGGAACGCTCTGTGCTTTATGCGAG
AAMCAAGCATCACATTCACACAGAGUTCATAGUAGAGUAGCAAGATCTTCAGT GCCT GEAGT GAGGUGAGAAT GLARAT
(BGTTTCAGCTATGAACACAGUAAAAACAAT GAAT GGAATGGRGAAGBGAGAAGACGETCCARALACT GGUAGAAGAGCTGE
AMMGCAACATTGGAGTATTGAGATCTCTGRGGGCAAGTCAALAGAAT GGAGAAGGAAT TECAAGGAT GTAATGGAAGTG
CTAAAGCAGAGCTCCAT GGGAAAT TCAGCTCTTGTGAAGAAATACCTATAAT GCTCGAGCCATTTCAGATTCTTTCAATT
TECTCTTTCATTTTATCGGCTCTCCATTTCATGGGCTGGACAATAGGGCATTTAMTCAAATAAAAAGAGGAGTAALCCT
AABAATACGAATAAGAAAT CCAAATAAAGAGACAATAAATAGAGAGGTAT CAATTTTGAGACACAGT TACCAAAAAGAAA
TCCAAGCCAAGAAACAATAAAGGAAGTACTCTCTGACAACATEGAGAGAT TGAGTGAL CACATAGTAATTGAGGEGCTT
TCTGCTGAAGAGATAATAMAAT GGGT GAAACAGTTTTGGAGGTAGAAGAATTGLATTAAACCCAATTTTCACCGTATTT

CTTACTATGCATTTAAGCAAATTGTAATCAATGTCAGCAAATAAACT GGAARAAGTGCGTTGTTICTACT (SEQ 1D NO:16}



WO 2017/143236 PCT/US2017/018443
25727

Yamagata/1/73 M MBET:

AGCAGARGCACGCACTTTCTTAAAATGTCGCT GTTTGGAGACACAATTGBCCTACCTGUTTTCACT AACAGAAGAT GGAGA
AGGCAMGCAGAACTAGCGEAAMATTACACTGTTGGTTCGETGEGAMGAAT TCGATCTAGACTCTGCTTTEGAATGEA
TAAMAAACAARAGATGCCTAACTGATATACAAMAAGCACTAATTBGTGCCTCTATCTGCTTTTT GAAACCCARAGACTAA
GAAAGAAMMAGAAGATTCATCACAGAGCCCCTGTCAGBAALGGGAACAACAGCAAC AMAAAAGAAAGGCCTGATTCTAGC
TGAAAGAAAAAT GAGAAGATGTGTGAGTTTTCATGAGGCATT TGAAATAGCAGAAGGCCAT GAAGCTCAGCACTACTAT
ATTGTCTCATGGTCATGTACCTGAACCCT GGAAATTATTCAAT GCAAGTAAMAC TAGGAACGCTCTGTGCTTTATGCGAG
AAMCAAGCATCACATTCACACAGAGUTCATAGUAGAGUAGCAAGATCTTCAGT GCCT GEAGT GAGGUGAGAAT GLARAT
(BGTTTCAGCTATGAACACAGUAAAAACAAT GAAT GGAATGGRGAAGBGAGAAGACGETCCARALACT GGUAGAAGAGCTGE
AMMGCAACATTGGAGTATTGAGATCTCTGRGGGCAAGTCAALAGAAT GGAGAAGGAAT TECAAGGAT GTAATGGAAGTG
CTAAAGCAGAGCTCCAT GGGAAAT TCAGCTCTTGTGAAGAAATACCTATAAT GCTCGAGCCATTTCAGATTCTTTCAATT
TECTCTTTCATTTTATCGGCTCTCCATTTCATGGGCTGGACAATAGGGCATTTAMTCAAATAAAAAGAGGAGTAALCCT
AABAATACGAATAAGAAAT CCAAATAAAGAGACAATAAATAGAGAGGTAT CAATTTTGAGACACAGT TACCAAAAAGAAA
TCCAAGCCAAGAAACAATAAAGGAAGTACTCTCTGACAACATEGAGAGAT TGAGTGAL CACATAGTAATTGAGGEGCTT
TCTGCTGAAGAGATAATAMAAT GGGT GAAACAGTTTTGGAGGTAGAAGAATTGLATTAAACCCAATTTTCACCGTATTT

CTTACTATGCATTTAAGCAAATTGTAATCAATGTCAGCAAATAAACT GGAARAAGTGCGTTGTTICTACT (SEQ 1D NO1T)



WO 2017/143236 PCT/US2017/018443
26/27

Yamagata/1/73 NS a38g K1760 :

AGCAGAAGCAGAGGATTTGTTTAGTCACTGGCAAACGGCAAAAAATGGCGCACAACATGACCACAACACAAATT GAGGTG

@

GTCCOGGAGCAACCAATGCCACTATAAACTTTGAAGCAGGAATTTTGGAGT GCTAT GAAAGGCTTTCATGGCAAAGAGC
CCTTGACTACCCTGGTCAAGACCGCCTAAACAGACT AAAGAGAAAATT AGAAT CAAGAATAAAGACT CACAACAAMAGTG
AGCCTGAAAGTAAAAGGATGTCTCTTGAAGAGAGAAAAGCAATTGGGGTAAAAATGATGAAAGTGCTCCTATTTATGAAC
CCATCTGCTGGAATTGAAGGGTTTGAGCCATACTGTATGAAAAATTCCTCCAATAGCAACT GCCCAAACTGCAATTGGGE
CGATTACCCTCCAACATCAGGAAAGTGCCTTGATGACATAGAAGAAGAACC GGAGAATGTTGATGADCCAACTGAAATAG
TATTAAGGGACAT GAACAACAAAGATGCAAGGCAAMAGAT AAAAGAGGAAGTAAACACT CAGAAAGAAGGGAAGTTCCGT
TTGACAATACAAAGGEATATACGTAATGTGTTGTCCTTCAGAGTGTTGHGTAAACGGAACATTCCTCAAGCACCCTAATGE
ATACAAGTCCTTATCAACTCTGCATAGATTCAATGCATATGACCAGAGTGGAAGGCTTGTTGCTAAMCTTGTTGCTACTG
ATGATCTTACAGT GGAGGATGAAGAAGATGGCCATCGGATCCTCAACTCACTCTTCGAGCGTTTTAATGAAGGACATTCA
AAGCCAATTCGAGCAGCTGAAMCTGCGGTGGCAGTCTTATCCCAATTTGGTCAAGAGCACCGATTATCAC CAGAGGAGGS
AGACAATTAGACTGGTTACGGAAGAACTTTATCTTTTAAGTAAAAGAAT TGATGATAACATATTGTTCCACAAAACAGTA
ATAGCTAACAGCTCCATAATAGCTGACATGATTGTATCATTATCATTATTGGAAACATTGTATGAGATGAAGGATGTGGT

TGAAGTGTACAGCAGGCAGTGCTTGTGAAT TTAAMATAAAATCCTCTTGTTACTACT (SEQID NO:18)
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27127

Yamagata/1/73 NS 38+1)g:
AGCAGAAGCAGAGGATTTGTTTAGTCACTGEGCAAML GEGAAMAAAAT GGUGGACAACATGAC CACAACACAAAT TGAGGT
GGGTCCEGRAGCAACCAATGLCACTATAAACT TTGAAGCABGAAT TTTEGAGT GCTATGAAAGGCTTTCATGGCARAGAG
CCCTTGACTACCCTGETCAAGACCECOTABACAGAC TAAAGAGAAAAT TAGAATCAAGAAT AAAGACTCACAACAAAAGT

GAGCCTGAAAGTAAAAGGATGTCTCTTGAAGAGAGAAAAGCAATT GGGGTAAAARATGATGAAGTGCTCCTATTTATGAA

p=4

CCCATCTGCTGGAATTGAAGGGTTTGAGCCATACTGTATGAAAAATTCCTCCAATAGCAACTGCCCAAACTGCAATTGGG

CCGATTACCCTCCAACATCAGGAAAGTGCOTT GATGACATAGAAGAAGAACCG GAGAATGTTGATGACCCAACTGAAATA

AR/
GTATTAAGGGACATGAACAACAAAGAT GCAAGGUAAAAGATAARAGAGGAAGTAAACAC TCAGAAAGAAGEGAAGTTCCG

TTTGACAATAAAAAGGGATATACGTAATGTGTTGTCCTTGAGAGTGTTGGTAAMCGEAACATTCCTCAAGCACCCTAATG

GATACAAGTCCTTATCAACTCTGCATAGATTGAATGCATATGACCAGAGT GGAAGGCTTGTTGCTAAACTTGTTGCTACT

GATGATCTTACAGTGGAGGAT GAAGAAGAT GGCCATCGGATCCTCAACTCACTCTTCGAGCGTTTTAATGAAGGACATTC

AAMAGCCAATTCGAGCAGCTGAMACTGLGETGGGAGTCTTATCCCAATTTGGTCAAGAGCACCGATTATCACCAG

AXOAMD
AOALE

GAGACAATTAGACTGGTTACGGAAGAACTTTATCTTTTAAGTAAAAGAATTGATGATAACATATTGTTCCACAAAACAGT

AATAGCTAACAGCTCCATAATAGCTGACATGATTGTATCATTATCATTATTGCARACATTGTATGAGATGAAGGATGT

GG
(€1

v

TTGAAGTGTACAGCAGGCAGTGCTTGTGAATTTAAAATABAAATCCTCTTGTTACTACT (SEQ 1D NOG:19)
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-20

products and methods related to recombinant influenza B
virus mutants;

1.1. claims: 1-19

an isolated recombinant influenza B virus having PA, PBI1,
PB2, NP, NS and M viral segments, a heterologous or chimeric
influenza virus NA viral segment, and a heterologous or
chimeric HA viral segment according to claim 1 as well as
subject-matter related thereto;

1.2. claim: 20(partially)

a vector for vRNA, cRNA or mRNA expression of influenza B
virus NS1 having at Teast 85% amino acid sequence identity
to a polypeptide encoded by SEQ ID NO: 6, 18 or 19 and at
least one of : N at position 42, Y at position 117, Q at
position 176, or T at position 252 in NS1, NS vRNA with g at
nucleotide 39 or insertion of g after nucleotide 38;

1.3. claim: 20(partially)

a vector for vRNA, cRNA or mRNA expression of influenza B
virus M1 having at least 85% amino acid sequence identity to
a M1 polypeptide encoded by SEQ ID NO: 5, 16 or 17 and at
least one of : V or N at position 34, G at position 54, K at
position 77, T at position 86 or N at position 97 in M1;

1.4. claim: 20(partially)

a vector for vRNA, cRNA or mRNA expression of influenza B
virus BM2 having at Teast 85% amino acid sequence identity
to a polypeptide encoded by SEQ ID NO: 5, 16 or 17 and a R
at position 58, G at position 80, R at position 27 or R at
position 26;

1.5. claim: 20(partially)

a vector for vRNA, cRNA or mRNA expression of influenza B
virus NP having at least 85% amino acid sequence identity to
a polypeptide encoded by SEQ ID NO: 4, 14 or 15 and at least
one of : T at position 28, S at position 40, Q at position
51, K at position 52, G at position 57, T at position 204,
or T at position 343 in NP, or NP vRNA with t at nucleotide
500;

1.6. claim: 20(partially)

a vector for vRNA, cRNA or mRNA expression of influenza B
virus PA having at least 85% amino acid sequence identity to
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

a polypeptide encoded by SEQ ID NO: 1 or 13 and at least one
of : H at position 387, A at position 434, N at position
494, or A at position 524, PA vRNA with g at nucleotide
1406, with t at nucleotide 1445, or with t at nucleotide
2272,
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