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Influenza virus-like particles (VLPs)

The present invention discloses influenza virus-like parti-
cles (VLPs) and vaccines comprising such VLPs.

A viral infection or vaccination is first recognized by the
host's innate immune system. Innate immune cells identify the virus
or vaccine as foreign, process it in order to present it to the
adaptive immune system and thereby activate it. Depending on the
nature of the vaccine, the protection initiated by the adaptive
immune system is based more on antibodies (humoral immune response)
or on cells that kill newly infected cells quickly and efficiently,
making it impossible for the virus to spread (cellular immune
response) .

Current vaccination strategies against influenza A virus
(IAV) are based on the administration of combinations of 3 to 4
inactivated IAV strains or attenuated live viruses (LAIV). Vac-
cinations with inactivated IAV strains primarily elicit a humoral
immune response that only provides protection for about 6 months.
Furthermore, this wvaccination is only effective against those
strains that were used in the manufacture of the vaccine. Moreover,
there are concerns over attenuated vaccines about biosafety.

Patients who have survived an IAV infection have broader and
more ongoing protection against a new IAV infection, compared to
merely vaccinated patients. This protection is provided by the
cellular immune response, which is not caused by vaccination with
inactivated strains.

Hartmann et.al. (Nat. Commun. 8 (2017), 1916-1918) discovered
that infection with the influenza A virus (IAV) in human dendritic
cells (DC) causes inflammatory cell death. The host sensor protein
ZBP1/DAI recognizes the viral RNA when it enters the cell and
triggers the release of danger signals in the microenvironment.
This response induced by viral RNA leads to local inflammation and
a more efficient, long-lasting immune response. This suggests that
the cellular immune response is activated by the detection of viral
RNA newly expressed in the host cell. This in turn means that
vaccination with newly expressing viral RNA is necessary for long-
term and broader protection (Fig. 1).

Since vaccines based on attenuated viruses have a viral RNA
expressing polymerase that is not effective at body temperature,

vaccination in the host does not express the necessary new viral
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RNA, which triggers the microinflammation required for cellular
immunity. For these reasons, the current vaccine strategies have
no lasting immune protection against IAV.

Influenza virus causes 250,000-500,000 deaths worldwide an-
nually; a global pandemic could kill millions. Vaccination is the
most cost-effective public health measure to prevent disease and
mortality caused by influenza virus infection.

The influenza virion is an enveloped virus whose lipid bilayer
comes from the plasma membrane of a host cell. Two different types
of glycoprotein spikes are embedded in the shell. Approximately 80
percent of the spikes are hemagglutinin (HA), a trimeric protein
that acts when the virus attaches to a host cell. The remaining
approximately 20 percent of the glycoprotein spikes consist of
neuraminidase (NA), which is believed to primarily facilitate the
release of newly produced virus particles from the host cell. There
is a matrix protein lining on the inside of the envelope, which
surrounds an influenza virion. Inside the envelope is the influenza
genome, which is divided into eight single-stranded RNA segments.
The RNA is packaged with nucleoprotein (NP) forming a helical
ribonucleoprotein complex, containing three polymerase peptides
for each RNA segment. Most segments encode a single protein, but
some describe several, such as the M segment, which encodes the
matrix protein M1 and the ion channel protein M2 (Fig. 2).

Influenza VLPs are potential candidates for inclusion in im-
munogenic compositions. VLPs closely resemble mature virions, but
they do not contain viral genomic material (see e.g. most recently:
WO 2020/00101 A1 ([0017], [00254]); WO 2020/014656 A1l (p. 23)). In
fact, VLPs are - per definition in the prior art - empty virus
envelopes. Therefore, VLPs are non-replicative in nature, which
makes them safe for administration as a vaccine. In addition, VLPs
can be engineered to express viral glycoproteins on the surface of
the VLP, which is their most native physiological configuration.
Moreover, since VLPs resemble intact virions and are multivalent
particulate structures, VLPs may be more effective in inducing
neutralizing antibodies to the glycoprotein than soluble envelope
protein antigens.

US 2017/058265 Al discloses the generation of influenza vi-
ruses from virus-like particles by using sets of isolated host

cells with virus segments. Watanabe et al. (J. Virol. 76(2002):
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767-773) report immunogenicity and protective efficacy of repli-
cation-incompetent influenza VLPs. US 9,150,620 B2 describes a
vaccine against multitypes of avian influenza viruses with spe-
cifically mutated influenza HA protein. Liu et al. (Antiviral.
Res. 133 (2016): 110-118) report on multi-subtype influenza VLPs
incorporated with flagellin and GM-CSF for vaccine design. In the
US 2015/0273048 Al, a universal influenza vaccine based on heter-
ologous multiple matrix protein 2 extracellular domain (M2e) pro-
teins.

It is an object of the present invention to provide effective
and safer vaccination, especially vaccination against the influ-
enza virus.

This object of the present invention is solved by the RNA
expressing VLPs (RNA-VLPs) according to the present invention.

Therefore, the present invention provides influenza virus-
like particles (VLPs), wherein the VLPs comprise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least one of PB1, PB2, NS1 and NS2.

The present invention further provides a vaccine comprising
influenza virus-1like particles (VLPs), and a pharmaceutically ac-
ceptable excipient, wherein the VLPs comprise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least one of PB1l, PB2, and NS2.

The present invention provides RNA-VLPs which are used in a
vaccine that appears like a real viral infection to the immune
system but cannot multiply. For this purpose, virus-like particles
(VLPs) that are externally identical to functional virions were
used. Inside the VLP at least one (i.e. NP), preferably two (i.e.
NP and M), functional IAV-ribonucleoprotein complexes (RNP) are
inserted, which trigger inflammatory cell death in the host cells
like a real virus causes in the host cell by viral RNA expression.
In short: after vaccination of the patient, these RNA-VLPs, due to
their similarity, enter the cell on the same route as a functional

IAV virion and discharge their two RNPs into the cell nucleus.
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After entry, the viral polymerases which are part of the RNP begin
to copy viral RNA, which is then the trigger for the above-de-
scribed inflammatory cell death (necroptosis). Necroptosis causes
the host cell to burst, which has several advantages for the immune
system: The internal ingredients such as nuclear DNA and proteins
are a danger signal that attracts and activates uninvolved cells
of the innate immune system; viral proteins and RNA are rendered
non-functional by the cell death of infected cells; those non-
functional viral parts now serve as pathogen-associated molecular
patterns (PAMPs), which are taken up by the now activated cells of
the innate immune system and, after processing, are presented to
the cells of the adaptive immune system. The activation of the
innate immune system by the necroptosis of the infected cells
induced by the RNA-VLPs is similar to the immune response when
infected with a real dangerous IAV virus and 1s responsible for
the activation of cell-mediated immune response. Vaccinations with
classic vaccines do not activate necroptosis due to the lack of
RNA expression and therefore induce mainly a humoral immune re-
sponse. Furthermore, RNA-VLPs are biologically safer than pseudo-
typed vaccines, which are in short IAV viruses with a non-func-
tional NA protein (Powell et al., J. Virol. 86 (2012), 13397-
13406), because they do not replicate segments expressing viral
RNA polymerases.

Accordingly, the VLPs according to the present invention trig-
ger inflammatory cell death (necroptosis) upon entry into a cell
but do not trigger apoptosis of the cell.

The role of programmed cell death in influenza virus propa-
gation via caspase-dependent apoptosis has been most extensively
examined (see e.g. Harold et al., J. Leukoc. Biol. 92 (2012), 75-
82 for review). On the other hand, programmed necrosis (or necrop-
tosis) is a more immunogenic host cell death mechanism (see e.qg.
Sridharan et al., Trends Microbiol. 22 (2014), 199-207 for review).
Unlike apoptosis, necroptosis results in the release of danger-
associated molecular patterns (DAMPs), and thus is associated with
inflammation and immune cell activation. Necroptosis is receptor-
interacting protein kinase (RIPK)- and mixed lineage kinase do-
main-like pseudokinase (MLKL) -dependent. Depending on the
host/pathogen context, necroptosis can either be involved in host
response to infection or be exploited by the pathogen for further

dissemination.
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The RNA-VLPs according to the present invention are an im-
provement of the existing VLP technology (disclosed e.g. Kang et
al., PloS one 14 (2019), e0216871; 10.1371/journal.pone.0216871;
Haynes, Exp. Rev. Vacc. 8 (2009), 435-445; Schotsaert et al., Sci.
Rep. 6 (2016), 24402; 10.1038/srep24402; Mohan, T. et al., Sci.
Rep. 7 (2017), 40226; 10.1038/srepd40226), since RNA-VLPs for the
immune system simulate infection with a living virus through RNA
expression.

The RNA-VLPs according to the present invention can be pro-
duced using “reverse genetics” technology (Perez et al., Meth.
Mol. Biol. 1602 (2017), 251-273; 10.1007/978-1-4939-6964-7 16).
For this purpose, the individual influenza segments are isolated
from a field virus, transcribed from RNA into DNA and cloned into
DNA plasmids. The plasmids containing the DNA of each IAV segment
are then transfected into a cell line. In the transfected cells
the plasmids produce either viral copy RNA, and/or viral messenger
RNA for the production of viral proteins. The placement of pro-
moters on the plasmids determines whether viral RNA, viral proteins
or both are expressed after transfection of the plasmids into a
cell culture. This technology has long been used to produce chi-
meric viruses.

In general, VLPs are known in the present field of technology
as particles made up of one or more viral structural proteins, but
lacking the viral genome i.a. encoding these viral structural pro-
teins of the VLP. Because VLPs lack a viral genome, they are not
able to multiply in cells to generate infectious particles and
yield safer and potentially more-economical vaccines and vaccine
products. In addition, VLPs can often be produced by heterologous
expression and can be easily purified. Most VLPs disclosed in the
prior art comprise at least a viral core protein that drives bud-
ding and release of particles from a host cell. Influenza VLPs can
be produced by transfection of host cells with plasmids encoding
the HA, NA and M proteins. After incubation of the transfected
cells for an appropriate time to allow for protein expression (such
as for approximately 72 hours), VLPs can be isolated from cell
culture supernatants. By way of example, a protocol for purifying
or isolating influenza VLPs from cell supernatants involves low
speed centrifugation (to remove cell debris), vacuum filtration
and ultracentrifugation of the VLPs through 20% glycerol. A virus-

like particle may also include a subviral particle (SVP), which is
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typically smaller in size than a virus and constitutes a particle
without a virus capsid or genome.

The present VLPs - although containing certain viral nucleic
acids - are clearly different from rescued viruses known in the
art (e.g. Fodor et al., J. Virol. 73 (1999), 9679-9682; Hoffman et
al., Arch. Virol. 146 (2001), 2275-2289; WO 01/04333 Al; WO
2007/016598 A2) due to the lack of the ability to be reproduced in
a cell to obtain infectious wviral particles. US 2017/058265 Al
uses various VLP constructs and cells, yet without suggesting them
to be used for vaccines; this document aims at replication compe-
tent fully infectious viruses to be used in various vaccine tech-
nologies listed (yet without referring to use these VLPs in a
vaccination context). It is also interesting to note that inclusion
of NS1 could make such constructs immune antagonistic; this is why
it is preferred that the VLPs according to the present invention
do not contain a ribonucleoprotein complex of NS1. Watanabe et
al., 2002, describe the delta NS1 recombinant influenza virus

(which is not a VLP) which can propagate in IFN deficient cells

(cells that have a diminished intrinsic immune response). It may
be remarked that the VLPs according to the present invention - in
contrast to all these constructs - cannot propagate in any cell

line as the genetic information for the (for virus replication
absolutely necessary) RNA dependent RNA polymerases are missing.
Preferably, the minimum requirement for the VLPs in the wvac-
cine according to the present invention are: only one or two RNPs
inside; in any case PA, PBl, PB2 or NS1 could never be used as the
template for the RNA in the RNP; this ensures that the VLP is
unable to replicate (PA, PR1l, PB2) or exert any immune antagonistic
function. The VLPs according to the present invention are free of
a nucleic acid set-up which would enable the creation of infectious
particles in a host cell. This is why - by definition - the VLPs
according to the present invention lack at least one of the ribo-
nucleoprotein complexes which are indispensable for viral repli-
cation, i.e. PB1l, PB2, and NS2 (NS1 has been shown to be dispen-
sable for wviral replication in substrates deficient in the IFN
pathway (Garcia-Sastre et al., Virol. 252 (1998), 324-330); the
characterization of the biological and molecular properties of a
recombinant influenza delNS1 virus suggested that NS1 is a virally
encoded inhibitor of the IFN-mediated antiviral responses). Pref-

erably, the VLPs according to the present invention lack even more
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than just one ribonucleoprotein complex of PB1, PB2, and NS2, e.d.
two, or all three; it is also preferred that the VLPs according to
the present invention lack an NS1 ribonucleoprotein complex. Ac-
cording to the most preferred embodiment of the present invention,
the VLPs according to the present invention only contain an NP
ribonucleoprotein complex, preferably with an M ribonucleoprotein
complex, as the only ribonucleoprotein complex.

In fact, the VLPs according to the present invention are -
due to the mandatory lack of indispensable genetic material for
reproducibility within a host cell (i.e. PBl, PB2, and/or NS2) -
non-infectious, since they are only able to bind to and enter a
cell but not able to be propagated by any host cell to produce
infectious particles which then are able to enter further cells.

In contrast to VLPs in the prior art, the VLPs according to
the present invention contain viral genetic material (a NP ribo-
nucleoprotein complex; preferably also an M ribonucleoprotein com-
plex) and may therefore also be referred to as “RNA-VLPs” but are
— as the prior art VLPs - non-replicating, non-infectious viral
capsid structures of influenza. Accordingly, the VLPs according to
the present invention are able to enter a cell but no reproduction
of the virus/VLP in the cell occurs. Accordingly, it is clear that
as used herein e.g. the term “a nucleoprotein (NP) ribonucleopro-
tein complex” means the ribonucleoprotein complex (RNP) encoding
NP (i.e. an RNP with a viral RNA (vRNA) encoding NP; see also e.d.
Fig. 11). The VLPs used in the vaccines of the present invention
are therefore VLPs expressing HA and NA at their surface and have
integrated an RNP with a vRNA encoding NP but no RNP encoding at
least one of PR1, PB2 and NS2 (and preferably also no RNP encoding
NS1), especially no RNP encoding all of PB1, PB2, NS1 and NS2.

As a minimum the IAV surface proteins hemagglutinin (HA) and
neuraminidase (NA) are required, for the construction of the VLPs
envelope. The M protein is added, for greater stability and also
to make the VLP externally identical to a true virus. The RNP of
the NP segment will serve as a source for the viral RNA. NP has
the advantages that it is expressed in relatively high numbers
early after infection and it also has no known immune antagonistic
function. The addition of the M segment as an RNP enables RNA-VLPs
to be used as vectors in vaccination against pathogens other than

influenza, since foreign sequences of other pathogens can also be
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added to the M segment without severely restricting its function-
ality (Fig. 3).

Accordingly, the VLPs according to the present invention pref-
erably exhibit hemagglutinin activity and/or neuraminidase activ-
ity. As used herein, the term “hemagglutinin activity” refers to
the ability of HA-containing VLPs, or portions thereof to bind and
agglutinate red blood cells (erythrocytes). As used herein, the
term “neuraminidase activity” refers to the enzymatic activity of
NA-containing VLPs, or portions thereof to cleave sialic acid res-
idues from substrates including proteins such as fetuin.

Influenza virus hemagglutinin HA is a viral surface glycopro-
tein that generally comprises approximately 560 amino acids (e.g.,
566 amino acids) and represents 25% of the total virus protein. HA
is a protein antigen that is highly useful as an immunogen and is
responsible for adhesion of the viral particle to, and its pene-
tration into, a host cell, particularly, in the respiratory epi-
thelium, in the early stages of infection (or entry into a cell
(for the VLPs according to the present invention)). Eighteen dif-
ferent HA subtypes have been identified in influenza viruses (H1-
H18). Influenza virus neuraminidase (NA) is a second membrane gly-
coprotein of influenza viruses. The presence of viral NA has been
shown to be important for generating a multi-faceted protective
immune response against an infecting virus. For most influenza A
viruses, NA is 413 amino acid in length, and is encoded by a gene
of 1413 nucleotides. Nine different NA subtypes have been identi-
fied in influenza viruses (NI, N2, N3, N4, N5, N6, N7, N8 and N9),
all of which have been found among wild birds. NA is involved in
the destruction of the cellular receptor for the wviral HA by
cleaving terminal neuraminic acid (also called sialic acid) resi-
dues from carbohydrate moieties on the surfaces of infected cells.
NA also cleaves sialic acid residues from viral proteins, prevent-
ing aggregation of viruses. Using this mechanism, it is hypothe-
sized that NA facilitates the release of viral progeny by prevent-
ing newly formed viral particles from accumulating along the cell
membrane, as well as by promoting transportation of the virus
through the mucus present on the mucosal surface. NA is an im-
portant antigenic determinant that is subject to antigenic varia-
tion.

Sequences of HA and NA proteins to be used according to the

present invention are e.g. available from the Influenza Research
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Database (IRD). The IRD contains avian and non-human mammalian
influenza surveillance data, human clinical data associated with
virus extracts, phenotypic characteristics of viruses isolated
from extracts and all genomic and proteomic data available in
public repositories for influenza viruses. IRD links host surveil-
lance and clinical data to sequence and phenotypic data for all
well characterized influenza virus strains as well as data obtained
from public data sources for well-characterized virus strains will
be supplemented with IRD generated data. As of 28 March 2020, the
IRD contains 95,032 entries for HA proteins and 82,794 entries for
NA proteins.

According to a preferred embodiment, the HA protein in the
VLPs according to the present invention is selected from the group
of HA proteins disclosed in the IRD, preferably a seasonal, non-
pandemic HA. In the IRD, this can be selected by e.g. excluding
2009 pHIN1 sequences from the “Clade Classification” in a search
for HA proteins.

Preferably, the NA protein in the VLPs according to the pre-
sent invention is selected from the group of NA proteins disclosed
in the IRD, preferably a seasonal, non-pandemic NA.

Of course, also modified/recombinant versions of HA and NA
proteins, e.g. as disclosed in WO 2020/000101 Al).

Influenza A virus RNA segment 5 encodes NP (a polypeptide of
498 amino acids in length), which is rich in arginine, glycine and
serine residues and has a net positive charge at neutral pH. The
majority of the polypeptide has a preponderance of basic amino
acids and an overall predicted pi of 9.3, but the C-terminal 30
residues of NP are, with a pi of 3.7, markedly acidic. In influenza
B and C wviruses, the length of the homologous NP polypeptide is
560 and 565 residues, respectively. Alignment of the predicted
amino acid sequences of the NP genes of the three influenza virus
types reveals significant similarity among the three proteins,
with the type A and B NPs showing the highest degree of conserva-
tion. Phylogenetic analysis of virus strains isolated from dif-
ferent hosts reveals that the NP gene is relatively well conserved.

The seventh RNA segment of influenza viruses (the M gene)
encodes both, the M1 and the M2 protein. M1l is a matrix protein
that lies Jjust beneath the viral envelope in the form of dimers

and interacts with viral ribonucleoprotein (VvRNP) complex, forming
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a bridge between the inner core components and the membrane pro-
teins. VRNPs harbour the determinants for host range. M1 contacts
with both viral RNA and NP, promoting the formation of RNP com-
plexes and causing the dissociation of RNP from the nuclear matrix.
M1 plays a vital role in assembly by recruiting the viral compo-
nents to the site of assembly and essential role in the budding
process including formation of viral particles. The M1 protein
forms a layer under the patches of host cell membrane that are
rich with the viral hemagglutinin, neuraminidase and M2 transmem-
brane proteins, and facilitates budding of the mature viruses. Ml
consists of two domains connected by a linker sequence. The N-
terminal domain has a multi-helical structure that can be divided
into two subdomains. The C-terminal domain also contains alpha-
helical structure. M2 is a membrane protein, which is inserted
into the viral envelope and projects from the surface of the virus
as tetramers. The extracellular domain of M2 is recognized by
hosts' immune system. Transmembrane domain of M2 has ion channel
activity, which is involved in the uncoating process of the wvirus
in the cell. The M2 protein is a proton-selective viroporin, in-
tegral in the viral envelope of the influenza A virus. The channel
itself is a homotetramer (consists of four identical M2 units),
where the units are helices stabilized by two disulfide bonds, and
is activated by low pH. Proton conductance by the M2 protein in
influenza A is essential for viral replication. The M gene there-
fore encodes both matrix and membrane proteins, and has multiple
functions (see e.g. Furuse et al., Virol. J. 6 (2009), 67;
doi:10.1186/1743-422X-6-67) .

A preferred embodiment of the present VLPs further comprises
a matrix protein (M) ribonucleoprotein complex.

According to a preferred embodiment, VLPs according to the
present invention comprise:
- HA protein and NA protein on the surface of the VLPs,
- a NP ribonucleoprotein complex, and, preferably an M ribonu-

cleoprotein complex,
wherein the VLPs do not contain a ribonucleoprotein complex of at
least two of PBR1, PB2, NS1 and NS2; preferably wherein the VLPs do
not contain a ribonucleoprotein complex of at least three of PRI,
PR2, NS1 and NS2; even more preferred wherein the VLPs do not
contain a ribonucleoprotein complex of NS1; especially wherein the

VLPs do not contain a ribonucleoprotein complex of PB1, PB2, NSI
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and NS2.

Preferably, the M ribonucleoprotein complex in the VLPs ac-
cording to the present invention contains nucleic acids selected
from the group of M genes disclosed in the IRD. Moreover, the M
protein encoding nucleic acid sequences in the VLPs according to
the present invention may be provided as encoding a modified pro-
tein, for example a fusion protein comprising or consisting of
(an) influenza M protein(s) and an antigen from a non-influenza
virus pathogen. According to this preferred embodiment, the VLPs
according to the present invention further comprise a genetically
modified M ribonucleoprotein complex, preferably wherein the M
ribonucleoprotein complex contains viral RNA encoding an antigen
of a non-influenza virus pathogen, especially wherein the M ribo-
nucleoprotein complex contains viral RNA encoding a fusion protein
containing an M protein and a protein or antigenic protein fragment
of a non-influenza virus pathogen. Accordingly, the terms “M pro-
tein” or “M ribonucleoprotein complex”, as used herein, include
both embodiments of the present invention in this respect, the
(wild-type, native, influenza) M protein or the (wild-type, na-
tive, influenza) M ribonucleoprotein complex (“influenza M embod-
iment”) and genetically engineered forms thereof, e.g. a fusion
protein of (an) influenza M protein(s) and an antigen from a non-
influenza virus pathogen and the corresponding ribonucleoprotein
complex with vVRNA encoding this fusion protein (influenza/non-
influenza fusion embodiment”).

For example, the non-influenza virus pathogen can be a non-
influenza virus, a Jgram-positive or gram-negative bacterium, a
fungus, a protozoan, or a prion, preferably a non-influenza RNA
virus, a DNA virus, or a retrovirus, especially wherein the virus
is SARS-COV-1, SARS-COV-2, or Dengue virus.

Preferably, the M ribonucleoprotein complex comprises an RNA
encoding a fusion protein comprising the (influenza) M protein and
a pathogen antigen or an immunogenic portion thereof. Preferably,
the pathogen is a viral, bacterial, fungal or protozoan pathogen.
In this context particularly preferred are antigens from the path-
ogens Acinetobacter baumannii, Anaplasma genus, Anaplasma phago-
cytophilum, Ancylostoma braziliense, Ancylostoma duodenale, Ar-
canobacterium haemolyticum, Ascaris lumbricoides, Aspergillus ge-

nus, Astroviridae, Babesia genus, Bacillus anthracis, Bacillus



WO 2021/209199 PCT/EP2021/055928
12

cereus, Bartonella henselae, BK virus, Blastocystis hominis, Blas-
tomyces dermatitidis, Bordetella pertussis, Borrelia burgdorferi,
Borrelia genus, Borrelia spp, Brucella genus, Brugia malayi, Bun-
yaviridae family, Burkholderia cepacia and other Burkholderia spe-
cies, Burkholderia mallei, Burkholderia pseudomallei, Caliciviri-
dae family, Campylobacter genus, Candida albicans, Candida spp,
Chlamydia trachomatis, Chlamydophila pneumoniae, Chlamydophila
psittaci, CJD prion, Clonorchis sinensis, Clostridium botulinum,
Clostridium difficile, Clostridium perfringens, Clostridium
perfringens, Clostridium spp, Clostridium tetani, Coccidioides
spp, coronaviruses, Corynebacterium diphtheriae, Coxiella bur-
netii, Crimean-Congo hemorrhagic fever virus, Cryptococcus neofor-
mans, Cryptosporidium genus, Cytomegalovirus, Dengue viruses (DEN-
1, DEN-2, DEN-3 and DEN-4), Dientamoeba fragilis, Ebolavirus
(EBOV), Echinococcus genus, Ehrlichia chaffeensis, Ehrlichia
ewingii, Ehrlichia genus, Entamceba histolytica, Enterococcus ge-
nus, Enterovirus genus, Enteroviruses, mainly Coxsackie A virus
and Enterovirus 71 (EV71), Epidermophyton spp, Epstein-Barr Virus
(EBV), Escherichia coli 0157:H7, 0111 and 0104:H4, Fasciola he-
patica and Fasciola gigantica, FFI prion, Filarioidea superfamily,
Flaviviruses, Francisella tularensis, Fusobacterium genus, Ge-
otrichum candidum, Giardia intestinalis, Gnathostoma spp, GSS
prion, Guanarito virus, Haemophilus ducreyi, Haemophilus influen-
zae, Helicobacter pylori, Henipavirus (Hendra virus Nipah virus),
Hepatitis A Virus, Hepatitis B Virus, Hepatitis C Virus, Hepatitis
D Virus, Hepatitis E Virus, Herpes simplex virus 1 and 2 (HSV-1
and HSV-2), Histoplasma capsulatum, HIV (Human immunodeficiency
virus), Hortaea werneckii, Human bocavirus (HBoV), Human herpes-
virus 6 (HHV-6) and Human herpesvirus 7 (HHV-7), Human metapneu-
movirus (hMPV), Human papillomavirus (HPV), Human parainfluenza
viruses (HPIV), Japanese encephalitis wvirus, JC virus, Junin vi-
rus, Kingella kingae, Klebsiella granulomatis, Kuru prion, Lassa
virus, Legionella pneumophila, Leishmania genus, Leptospira genus,
Listeria monocytogenes, Lymphocytic choriomeningitis virus (LCMV),
Machupo wvirus, Malassezia spp, Marburg virus, Measles virus,
Metagonimus yokagawai, Microsporidia phylum, Molluscum contagiosum
virus (MCV), Mumps virus, Mycobacterium leprae and Mycobacterium
lepromatosis, Mycobacterium tuberculosis, Mycobacterium ulcerans,

Mycoplasma pneumoniae, Naegleria fowleri, Necator americanus,
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Neisseria gonorrhoeae, Neisseria meningitidis, Nocardia as-
teroides, Nocardia spp, Onchocerca volvulus, Orientia tsutsugamu-
shi, Orthomyxoviridae family, Paracoccidioides brasiliensis, Par-
agonimus spp, Paragonimus westermani, Parvovirus B19, Pasteurella
genus, Plasmodium genus, Pneumocystis Jjirovecii, Poliovirus, Ra-
bies virus, Respiratory syncytial virus (RSV), Rhinovirus, rhino-
viruses, Rickettsia akari, Rickettsia genus, Rickettsia prowaze-
kii, Rickettsia rickettsii, Rickettsia typhi, Rift Valley fever
virus, Rotavirus, Rubella wvirus, Sabia virus, Salmonella genus,
Sarcoptes scabiei, SARS-COV-1, SARS-COV-2, Schistosoma genus, Shi-
gella genus, Sin Nombre virus, Hantavirus, Sporothrix schenckii,
Staphylococcus genus, Staphylococcus genus, Streptococcus agalac-
tiae, Streptococcus pneumoniae, Streptococcus pyogenes, Strongy-
loides stercoralis, Taenia genus, Taenia solium, Tick-borne en-
cephalitis virus (TBEV), Toxocara canis or Toxocara cati, Toxo-
plasma gondii, Treponema pallidum, Trichinella spiralis, Trichomo-
nas vaginalis, Trichophyton spp, Trichuris trichiura, Trypanosoma
brucei, Trypanosoma cruzi, Ureaplasma urealyticum, , Varicella
zoster virus (VZV), Variola major or Variola minor, vCJD prion,
Venezuelan equine encephalitis virus, Vibrio cholerae, West Nile
virus, Western equine encephalitis wvirus, Wuchereria bancrofti,
Yellow fever virus, Yersinia enterocolitica, Yersinia pestis, and
Yersinia pseudotuberculosis.

Suitable examples of such antigens are disclosed e.g. in WO
2015/149944 A2.

Since microinflammations elicited by the VLPs according to
the present invention are also suitable to overcome the immune
abating environment of tumours, the VLP technology according to
the present invention can also a be used to elicit an immune
response against oncogenes or malignant tissue proteins (for ex-
ample, tumour antigens located at the surface of tumour cells and
being specific for the tumour cells (i.e. not present on benign
cells)).

According to another aspect, the present invention also re-
fers to a vaccine comprising the VLPs according to the present
invention and a pharmaceutically acceptable excipient.

Preferably, the VLPs according to the present invention are
provided as a pharmaceutical preparation suitable to be applied to

human individuals. Therefore, the VLPs according to the present
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invention may be combined with pharmaceutically acceptable excip-
ients which are the conventional carriers (vehicles) and excipi-
ents that are physiologically and pharmaceutically acceptable for
use in human subjects. Such pharmaceutically acceptable vehicles
are known to the skilled practitioner in the pertinent art and can
be readily found, e.g. in Remington's Pharmaceutical Sciences, by
E. W. Martin, Mack Publishing Co., Easton, Pa., in its updated/cur-
rent editions, which describes compositions and formulations suit-
able for pharmaceutical delivery of one or more therapeutic com-
positions, such as one or more influenza vaccines, and additional
pharmaceutical agents. In general, the nature of a pharmaceuti-
cally acceptable carrier depends on the particular mode of admin-
istration being employed. For instance, parenteral formulations
usually comprise injectable fluids/liquids that include pharma-
ceutically and physiologically acceptable fluids such as water,
physiological saline, balanced salt solutions, agqueous dextrose,
glycerol or the like as a vehicle. For solid compositions (for
example, powder, pill, tablet, or capsule forms), conventional
non-toxic solid carriers may include, for example, pharmaceutical
grades of mannitol, lactose, starch, or magnesium stearate, which
typically stabilize and/or increase the half-life of a composition
or drug. In addition to biologically-neutral carriers, pharmaceu-
tical compositions to be administered can contain minor amounts of
non-toxic auxiliary substances, such as wetting or emulsifying
agents, preservatives, and pH buffering agents and the like, for
example sodium acetate or sorbitan monolaurate.

Suitable pharmaceutical compositions of the VLPs according to
the present invention for parenteral administration include, with-
out limitation, sterile agqueous or non-aqueous solutions, suspen-
sions, and emulsions. Nonlimiting examples of non-agqueous solvents
include propylene glycol, polyethylene glycol, vegetable oils,
such as olive o0il and canola o0il, and injectable organic esters,
such as ethyl oleate. Aqueous carriers include water, alco-
holic/aqueous solutions, emulsions or suspensions, including sa-
line and buffered media. Parenteral vehicles include, for example,
sodium chloride solution, Ringer's dextrose, dextrose and sodium
chloride, lactated Ringer's, or fixed oils. Intravenous vehicles
include, for example, fluid and nutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose), and the

like. Preservatives and other additives may also be present in
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such compositions and preparations, such as, for example, antimi-
crobials, antioxidants, chelating agents, colorants, stabilizers,
inert gases and the like.

Some of the compositions may potentially be administered as
a pharmaceutically acceptable acid- or base-addition salt, formed
by reaction with inorganic acids, such as hydrochloric acid, hy-
drobromic acid, perchloric acid, nitric acid, thiocyanic acid,
sulfuric acid, and phosphoric acid, and organic acids, such as
formic acid, acetic acid, propionic acid, glycolic acid, lactic
acid, pyruvic acid, oxalic acid, malonic acid, succinic acid, ma-
leic acid, and fumaric acid, or by reaction with an inorganic base
such as sodium hydroxide, ammonium hydroxide, potassium hydroxide,
and organic bases such as mono-, di-, tri-alkyl and aryl amines
and substituted ethanolamines.

Provided herein are pharmaceutical compositions which include
a therapeutically effective amount of the VLPs according to the
present invention, alone, or in combination with a pharmaceuti-
cally acceptable carrier. A person skilled in the art is well aware
of suitable pharmaceutical formulations suitable for the present
purposes, e.g. there are many appropriate examples and suggestions
for the pharmaceutical formulations of influenza vaccines, which
are also applicable for the VLPs according to the present inven-
tion. Pharmaceutically acceptable carriers include, but are not
limited to, saline, buffered saline, dextrose, water, glycerol,
ethanol, and combinations thereof. The carrier and composition can
be sterile, and the formulation should suit the mode of admin-
istration. The composition can also contain minor amounts of wet-
ting or emulsifying agents, or pH buffering agents. The composition
is preferably a liquid or aqueous solution, suspension, emulsion,
or dispersion. A liquid or agqueous composition can be lyophilized
and reconstituted with a solution or buffer prior to use. The
composition can be formulated as a suppository, with traditional
binders and carriers such as triglycerides. Any of the commonly
known pharmaceutical carriers, such as sterile saline solution or
sesame 01l, can be used. The medium can also contain conventional
pharmaceutical adjunct materials such as, for example, pharmaceu-
tically acceptable salts to adjust the osmotic pressure, buffers,
preservatives and the like. Other media that can be used in the
compositions and administration methods as described are normal

saline and sesame oil.
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Preferably, the vaccine according to the present invention is
designed as an intranasal delivered vaccine, i.e. a vaccine which
can be administered to an individual intranasally. Accordingly,
this intranasal vaccine formulation is preferably designed as aer-
osol or nasal spray. As the RNA-VLP according to the present in-
vention causes the necessary micro inflammation itself, no addi-
tional adjuvant is necessary. Accordingly, this vaccine may be
provided even free of any further adjuvant. This 1i1s specifically
preferred, if a fast, easy and cheap production method is needed.

According to another aspect, the present invention relates to
a pharmaceutical composition comprising the VLPs according to the
present invention.

A specifically preferred aspect of the present invention is
drawn to influenza virus-like particles (VLPs), wherein the VLPs
comprise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

- a matrix protein (M) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least PB1, PB2, and NS.

Preferably, these VLPs according to the present invention
further comprise a genetically modified M ribonucleoprotein com-
plex, preferably wherein the M ribonucleoprotein complex contains
viral RNA encoding an antigen of a non-influenza virus pathogen,
an oncogene or a malignant tissue protein, especially wherein the
M ribonucleoprotein complex contains viral RNA encoding a fusion
protein containing an M protein and a protein or antigenic protein
fragment of a non-influenza virus pathogen.

According to a preferred embodiment of this aspect of the
present invention, this non-influenza virus pathogen is selected
from a non-influenza virus, a gram-positive or gram-negative bac-
terium, a fungus, a protozocan, or a prion, preferably a non-in-
fluenza RNA virus, a DNA virus, or a retrovirus, especially wherein
the virus is SARS-COV-1, SARS-COV-2, or Dengue virus.

Another aspect of the present invention is a method for pro-
ducing VLPs according to the present invention, comprising the
steps of
- providing unidirectional vectors for HA, NA, PA, PBl and PB2;

- providing a bidirectional wvector for NP,
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- providing either a unidirectional or bidirectional vector for
M,
- expressing the vectors in a recombinant cell system to obtain

VLPs according to the present invention.

Although (as stated above) further bidirectional vectors may
be used as well (as long this set-up does not lead to a reproductive
viral particle, i.e. a particle which is infectious after produc-
tion in the host cell to which the VLP has been delivered); how-
ever, preferably only one (for NP), even more preferred only two
(for NP and M), bidirectional wvectors are used in the production
of the VLPs according to the present invention.

Since the present method 1is preferably intended to provide
compositions for use in human medicine, the present method further
comprises the steps of filling the VLPs into a final container and
finishing the VLPs to a pharmaceutical composition ready for use
for administration to human individuals.

Preferred for production of the VPLs according to the present
invention is any cell that supports replication of influenza virus
and meets acceptable standards for regulatory approval. For regu-
latory reasons the VLPs according to the present invention are
therefore preferably produced in cells/cell lines which are ap-
proved by the regulatory authorities. Accordingly, production in
in Madin-Darby Canine Kidney (MDCK) cells, African green monkey
kidney cells (Vero) cells, 293 cells, 293T cells, porcine kidney
(PK) cells, owl monkey kidney (OMK) cells, Madin-Darby bovine kid-
ney (MDBK) cells, chicken embryo kidney (CEK) cells, chicken embryo
fibroblasts, primary chick kidney cells, or cells isolated from
the choriocallantoic membrane of embryonated chicken eggs, prefer-
ably in MDCK cells or Vero cells, especially in MDCK cells 1is
preferred. MDCK cell culture is specifically preferred, since MDCK
cells were already approved by the FDA and EMA as cell lines for
vaccine production (e.g. Flucelvax and Optaflu). MDCK cells are a
model mammalian cell line used in biomedical research. MDCK cells
are used for a wide variety of cell biology studies including cell
polarity, cell-cell adhesions, collective cell motility, as well
as responses to growth factors. It is one of few cell culture
models that is suited for 3D cell culture and multicellular rear-
rangements known as branching morphogenesis.

The present invention also relates to the use of the present
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VLPs for medical use, preferably for preventing pathogen-caused
diseases and for the treatment and prevention of tumour diseases
(i.e. in immune oncology), preferably for the prevention or treat-
ment of emerging viral diseases, especially for preventing influ-
enza. Preferred virus-caused emerging diseases to be prevented and
treated with the vaccines according to the present invention are
those identified in Graham et al. (Graham et al., Nat. Immunol. 19
(2018), 20-28), namely Paramyxoviridaea, especially Measles virus,
mumps virus, Nipah virus; Togaviridaea (-alphaviridae), especially
Rubella virus, Chikungunya virus, Western equine encephalitis wvi-
rus, Eastern equine encephalitis virus, Venezuelan equine enceph-
alitis virus, Mayaro virus, Ross River virus, Barmah Forest virus,
O’'nyong’nyong virus, Semliki Forest wvirus, Getah virus, Sindbis
virus; Reoviridaea, especially Rotavirus, New rotaviruses, Banna
virus, Nelson Bay orthoreoviruses; Orthomyxoviridaea, especially
Influenza virus A and B, multiple subtypes of influenza A virus,
Dhori wvirus, Thogoto virus, Bourbon virus; Adenoviridaea, espe-
cially Adenovirus 4 and 7, Adenovirus 14 or 81 or other serotypes;
Rhabdoviridaea; Rabies wvirus, Vesicular stomatitis wvirus (VSV);
Picornaviridaea, especially Poliovirus 1, 2 and 3, Hepatitis A
virus, EV71, EV-D68, rhinoviruses, Ljungan virus; Papillomaviri-
daea, especially HPV 6, 11, 16 and 18, as well as other serotypes;
Poxviridaea, especially Variola virus, Monkeypox virus;
Hepadnaviridaea, especially Hepatitis B virus; Herpesviridaea, es-
pecially Varicella virus, CMV, EBV, HSV-1, HSV-2, HHV-6, HHV-7,
HHV-8; Flaviviridaea, especially Yellow fever virus, tick-borne
encephalitis (TBE), Japanese encephalitis (JE), Dengue virus, HCV,
Zika virus, St. Louis encephalitis virus, West Nile virus, Powassan
virus, Omsk hemorrhagic fever virus, Murray Valley encephalitis
virus, Rocio encephalitis wvirus, Kyasanur forest virus, Alkhurma
virus, Russian spring and summer encephalitis virus, Central Eu-
ropean tick-borne encephalitis virus, Wesselsbron virus,
Bussuquara virus, Cacipacore virus, Ilheus virus, Iguape virus,
Usutu virus; Hepeviridaea, especially Hepatitis E wvirus; Pneu-
moviridae, especially respiratory syncytial wvirus (RSV); metap-
neumovirus; Filoviridae, especially Ebola virus, Marburg virus,
Retroviridae, especially HIV-1, Coronaviridae, especially SARS-
COV-1, SARS-COV-2, Middle Eastern respiratory syndrome (MERS);
Parvoviridae, especially B19 virus, bocavirus; Caliciviridae, es-

pecially Norovirus; Polyomaviridae, especially JC virus, BK virus;
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Arenaviridae, especially Lassa virus, Machupo virus, Junin virus,
Guanarito virus, Chapare virus, Sabia virus, Flexal virus, lym-
phocytic choriomeningitis wvirus, Lujo virus; Polyomaviridae, es-
pecially SV40, Merkel cell virus; Arteriviridaea, especially Sim-
ian hemorrhagic fever virus; Bunyaviridae, especially Hantavirus,
Rift Valley virus, Crimean Congo hemorrhagic fever virus, Cali-
fornia encephalitis wvirus, Batai wvirus, Bhanja virus, Dobrava-
Belgrade virus, Erve virus, Puumala virus, Seoul virus, Tahyna
virus, severe fever with thrombocytopenia syndrome virus, La
Crosse encephalitis wvirus, Cache Valley virus, Jamestown Canyon
virus, snowshoe hare virus, Heartland virus, Oropouche virus; As-
troviridae, especially Astrovirus. In the VLPs according to the
present invention, viral antigens of these viruses can be intro-
duced in the M gene to elicit immune responses against this re-
combinant antigen upon administration of the VLPs according to the
present invention (as vaccines) to a (human) individual.

Methods of treating or preventing a disease or infection, or
symptoms thereof, caused by influenza virus (or other (viral) dis-
eases) are provided. The methods comprise administering a thera-
peutically effective amount of a pharmaceutical composition com-
prising the VLPs according to the present invention (e.g., a VLP
vaccine) to a subject (e.g., a mammal, in particular, a human
subject). One embodiment involves a method of treating a subject
suffering from, or at risk of or susceptible to disease or infec-
tion, or a symptom thereof, caused by the pathogen, especially the
influenza virus. The method includes administering to the subject
(e.g., a mammalian subject), an amount or a therapeutic amount of
a vaccine comprising VLPs, sufficient to treat the disease, in-
fection, or symptoms thereof, caused by the pathogen, especially
the influenza virus, under conditions in which the disease, in-
fection, and/or the symptoms thereof are treated.

In an embodiment, the methods herein include administering to
the subject (including a human subject identified as in need of
such treatment) an effective amount of a vaccine according to the
present invention to produce such effect. The treatment methods
are suitably administered to subjects, particularly humans, suf-
fering from, having, susceptible to, or at risk of having a dis-
ease, disorder, infection, or symptom thereof, namely, caused by
the pathogen, especially a flu or influenza. Identifying a subject

in need of such treatment can be based on the judgment of the
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subject or of a health care professional and can be subjective
(e.g. opinion) or objective (e.g. measurable by a test or diag-
nostic method).

In addition, prophylactic methods of preventing or protecting
against a disease or infection, or symptoms thereof, caused by the
pathogen, especially the influenza virus, are provided. Such meth-
ods comprise administering a therapeutically effective amount of
a pharmaceutical composition comprising an immunogenic composition
according to the present invention (e.g., a VLP vaccine) to a
subject (e.g., a mammal such as a human), in particular, prior to
infection of the subject or prior to onset of the disease, such as
influenza.

Therefore (and as shown in the following example section), to
create the RNA-VLP, the surface molecules HA, NA and the polymer-
ases PA, PBl, PB2 expressed as proteins and the segments NP and M
expressed as proteins and RNA are used. HA, NA PA, PBl and PB2 are
used in the construction of the RNA-VLPs in a unidirectional plas-
mid, which only produces viral protein. E.g. PCAGGS (Fig. 11) can
be used as the unidirectional plasmid for this purpose. After
transfection into a cell, this plasmid only exXpresses messenger
RNAs, which are then translated into viral proteins by the cell's
own machinery. A bidirectional plasmid, such as pHWXccdB (Fig. 12)
can be used for the expression NP and M, into both mRNA as well as
viral copy RNA (VRNA). The expression of the negative sense genome
RNA, (VRNA), is fostered by a human RNA polymerase I promoter and
a terminator sequence, e.g. the mouse terminator sequence on
pHWXccdB. In the opposite orientation to the polymerase I unit, a
polymerase II transcription cassette (e.g. the chicken p-actin
promoter and polyA) encodes the mRNA from the same viral dJgene.
After successful cloning of the segments into the appropriate
plasmids, all plasmids are transformed together into a suitable
cell line, e.g. the MDCK target line. Self-assembly unites the
proteins and RNAs into viral shells with the surface proteins as
well as the two RNPs, which contain viral M and NP RNA. The finished
RNA-VLPS are then released into the cell culture medium and har-
vested there.

The invention is further illustrated by the following exam-
ples and the figures, yet without being limited thereto.

Fig. 1 shows the principle of triggering cellular immunity by

viral RNA. Infection of dendritic cells by influenza or expression
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of viral RNA triggers necroptosis. The process of necroptosis in-
volves the perforation of cell membranes, which in turn leads to
the release of inner-cell constituents, which are perceived as a
danger signal by other cells. In addition, the perforation also
leaves viral nucleic acids and proteins in the intercellular space
and can thus be better processed by the innate immune cells, which
were activated by those danger associated molecular patterns
(DAMPs), and then more effectively presented to cells of the adap-
tive immune system such as T cells;

Fig. 2 shows the structure of the influenza (IAV) virion. a)
FElectron microscope 1mage of an influenza virus particle. b)
Graphic representation of the IAV virion: In the lipid bilayer,
which originates from a host cell, there are HA and NA spikes and
M2 ion channels. The strength of the virion is supported by an
envelope made of M1 matrix protein. The genetic information of the
virus is divided into 8 segments, which are located inside the
virion as a ribonucleoprotein complex. c¢) Schematic representation
of a ribonucleoprotein complex (RNP): The genetic information is
wound as a negative single-stranded RNA around a strand of nucle-
oproteins (NP). Furthermore, the RNPs have their own polymerase
complex (PB1l, PB2 and PA), which begins to replicate the viral RNA
independently after the virion has successfully penetrated the
host cell;

Fig. 3 shows the schematic representation of the RNA-VLP and
the plasmids necessary for its production: The surface of the VLP
is identical to that of an IAV virion (see Fig. 2). Inside the
RNA-VLP are two ribonucleoprotein complexes that express viral RNA
for NP and M after inoculation de novo. When the RNA-VLP is formed
in cell culture, HA, NA, and the polymerases PA, PRl, PB2 are
required only as proteins, so the expression of these proteins is
accomplished by a plasmid that only produces messenger RNA and the
proteins that is translated by the host's cell machinery. Since NP
and M are required both as protein and as viral copy RNA (VvRNA),
a bidirectional plasmid is required which expresses messenger RNA
as well as vRNA;

Fig. 4 shows cell death triggered by RNA-VLPs. Human dendritic
cells were infected with various constructs of VLPs and, after an
eight-hour incubation, analysed for cell death using imaging flow
cytometry. An empty VLP (HA / NA (Prot.)) and vehicle (cell culture

medium) were used as negative controls. Infection with an influenza
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virus and a VLP with all three polymerases as additional RNPs
served as a positive control;

Fig. 5 shows the experimental set-up to measure the induction
of cellular immunity by RNA-VLPs. Human DCs were infected with
RNA-VLPs or controls. After a four-hour incubation, DCs from the
same donor were added and after another four hours, T cells from
another donor were added. The cell death in the infected DCs ac-
tivates the added DCs, which in turn cause the T cells to prolif-
erate (see Fig. 1);

Fig. 6 shows the cellular immunity triggered by RNA-VLPs.
Human dendritic cells were infected with wvarious constructs of
VLPs and cultured with DCs and foreign T cells (see Fig. 5). T
cell proliferation was measured using flow cytometry. An empty VLP
(HA / NA (Prot.)) and vehicle infection (cell culture medium) were
used as negative controls. Infection with an influenza virus and
a VLP containing all three polymerase RNPs served as a positive
control;

Fig. 7 shows the sample plan IAV challenge study;

Fig. 8 shows the sample plan for the challenge study involving
a chimeric vaccine against IAV and PRCv;

Fig. 9 illustrates the production of the chimeric bidirec-
tional plasmid containing genetic information of the IAV M segment
as well as genetic information from the SARS-CoV-2 using Gibson
assembly. In short: The phW2000 plasmid containing the IAV M Seg-
ment as well as a specific region of the SARS-COV-2 are amplified
by using specific primers creating a 20 base pair overlap between
the two amplicons. During the assembly process a nuclease chews
back DNA from the 5°end allowing the two amplicons to anneal. A
DNA polymerase and ligase fill any gaps and join the DNA removing
any nicks in the DNA. The product of this process is a bidirec-
tional plasmid containing the chimeric sequence of IAV M and a
SARS-CoV-2 protein;

Fig. 10 shows a scheme of chimeric IAV SARS-CoV-2 RNA-VLP
production. a) HA, NA, PBl, PB2 and PA segments are rescued in
unidirectional (pUNI) plasmids by reverse genetics. NP and M are
rescued 1n bidirectional plasmids (pBI) b) A specific region of
the SARS-CoV-2 1is reverse transcribed and amplified by PCR. c) A
chimeric bidirectional plasmid containing the genetic information
of the IAV M segment and a part of SARS-CoV-2 is produced by Gibson
assembly (see Fig 9). d) The HA, NA, PB1l, PB2, PA, NP and chimeric
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M plasmid is transformed into a MDCK cell line culture. e) The
chimeric IAV-SARS-CoV-2 RNA-VLP arises through self-assembly in
the cell line and is harvested in the cell culture supernatant. f)
The chimeric IAV-SARS-CoV-2 RNA-VLP in detail;

Fig. 11 shows the plasmid map of pCAGGS;

Fig. 12 shows the plasmid map of pHWX

EXAMPLES:

I. In vitro proof of concept for the present invention

To show the functionality of the present invention, the fol-
lowing VLPs with HA and NA surface proteins and different config-
urations of RNPs were constructed:

1. An empty VLP that has only HA and NA proteins on the

surface

2. VLPs with an NP ribonucleoprotein complex

3. VLPs with an NP and M ribonucleoprotein complex. It should

be mentioned that due to the bidirectional nature of the pHWX

plasmid M, both RNP and surface protein are present in addi-
tion to HA and NA

4. VLPs with NP and all polymerases as a ribonucleoprotein

complex. This construct was designed as a positive control

and is not suitable as a vaccine due to biological safety
concerns.

For the prototype vaccine, HA and NA from virus strain A/New
Caledonia/20/1999 and M, polymerases and NP from wvirus strain A/
California/4/2009 were used. The individual IAV segments were iso-
lated according to Hoffmann et al. (Arch. Virol. 146 (2001), 2275-
2289, 10.1007/s007050170002). First, the VRNA was extracted from
virus isolates. The VvRNA was rewritten into c¢DNA using the UNI12
primer and a reverse transcriptase. Segment-specific sequences
were then amplified by PCR using segment specific primers and
purified by gel electrophoresis (Hoffmann et al., 2001). The in-
dividual segments were cloned into their intended plasmids using
restriction enzymes and ligases, transformed into E. coli bacteria
and plated out on agar plates. Individual colonies were selected
to check the cloned insert for completeness and correctness using
Sanger sequencing. The plasmids were then transformed together
into MDCK cells by lipofectamine. After the transformation, the
RNA-VLPs were created by “self-assembly” in the MDCK cells (Nayaket
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et al., Virus Res. 106 (2004), 147-165; 10.1016/7.vi-
rusres.2004.08.012). Next, the RNA-VLPs were harvested in the cell
culture medium. In the future, it is planned to use simpler and
more effective methods for creating the plasmids and RNA-VLPs,
e.g. one pot cloning (Choi et al., Sci. Rep. 9, (2019) 8318;
10.1038/s41598-019-44813~-2z) .

The cell death induction of the VLPs was tested in human
dendritic cells, as the ability to trigger necroptosis in immune
cells is crucial for vaccine effectiveness (Hartmann et al., 2017).
For this purpose, dendritic cells from monocytes, which were ob-
tained from anonymous blood donations, were grown by adding the
cytokines GMCSF and IL-4. These dendritic cells were then infected
with the various VLP constructs or with the influenza strain NC/99
as a positive control. Eight hours after infection, cell death
induction was measured using flow cytometry. While the inclusion
of the NP RNP alone into the VLP did not result in a significant
increase in cell death rate compared to the uninfected negative
control, there was a significant increase in the inclusion of both
NP and M RNPs, which was surprisingly higher than the VLPs, where
also all polymerases were included as RNPs (Fig 4).

The ability of the VLPs to elicit a cellular immune response
was checked by a T-cell dendritic-cell co-cultivation method. For
this purpose, human dendritic cells were infected with the VLP
constructs or the controls (virus or wvehicle). After 4 hours,
dendritic cells from the same blood donor were added so that they
could be activated by the danger signals from the dead infected
cells. This cell mixture was again cultured after 4 hours with T
cells from another donor for 2.5 days. These foreign T cells were
activated on the one hand by the graft-versus-host reaction and on
the other hand by the status of the dendritic cells and thereby
driven to proliferation. The proliferation was then measured by
flow cytometry using the dilution of a dye, which is associated
with each cell division (proliferation) (Fig. 5).

Similar to the cell death experiments, the empty VLPs could
not trigger an increased T cell proliferation compared to the
negative control. This is an indication that vaccination with sur-
face proteins primarily elicits antibody-mediated immunity. The
VLPs with M and NP RNPs, on the other hand, were able to produce
at least a similarly high T cell proliferation as an infection

with a real influenza virus (positive control). Interestingly, the
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M/NP RNP combination was even more effective than the combination
of NP and all three polymerases. The VLP construct containing only
the NP RNP was able to cause a slight increase in T cell prolif-
eration. These data show that a VLP consisting of a surface in-
cluding HA, NA and M proteins filled with NP and M RNPs 1s a good
trigger of cellular anti-viral immunity (Fig. 6).

In summary, the present invention consists of combining the
technology of the VLPs and complexes expressing viral RNA and the
resulting vaccine looking like an infectious particle for the im-
mune system. After being absorbed into an organism, these RNA-VLPs
behave like an infectious IAV virion by penetrating the cell nu-
cleus and beginning to express viral RNA through the polymerases
they have brought with them. This newly synthesized RNA then trig-
gers an inflammatory signal cascade that boosts cellular immunity.
Exactly this step is not used in current vaccination strategies.
We have already proven that this innovation creates the cellular
immunity necessary for long-lasting protection in the cell culture

system.

IT. In vivo proof of concept for the present invention

In vivo proof of concept is provided by two experiments. The
first experiment focuses on testing the effect of RNA-VLP as a
sole vaccination against porcine influenza. In a second experi-
ment, an RNA-VLP vaccine 1s constructed with broader activity
against influenza and a porcine corona virus, which causes pathol-
ogies in pigs comparable to those observed in humans when infected
with the current SARS-CoV-2.

IT.1. Proof of concept of vaccination against IAV with RNA-VLPs in
pigs.

An RNA-VLP with segments from a recently isolated porcine
HIN1 IAV isolate is constructed as described in the sections above.
The efficacy of the RNA-VLP as a vaccine against influenza is
tested in a challenge experiment where the usefulness of the RNA-
VLP is compared with a conventional veterinary anti influenza vac-
cine. 30 animals are grouped in three groups of 10: (i) animals
getting the RNA-VLPs plus vehicle, (ii) animals taking the con-
ventional vaccine, and vehicle and (iii) vehicle group. After vac-
cination 5 of the ten animals are challenged with an IAV infection

(Fig. 7). Clinical signs, laboratory measurements (such as viral
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load, and cytokine levels), and cell immunological measurements

serve as readouts for vaccine efficacy.

IT.2 Proof of concept of combinatorial vaccination against IAV and
coronavirus

For this experiment a RNA-VLP is constructed where a part of
the nucleoprotein sequence of the porcine respiratory corona virus
(PRCv) 1is added to the M segment RNP. PRCv has a similar structure
to SARS-CoV-2 and serves as a model as there is currently no animal
model to test SARS-CoV-2 infections. 40 animals are grouped in two
groups of 20: (i) animals getting the RNA-VLPs plus vehicle, and
(ii) vehicle group. After vaccination, groups of five of the twenty
animals are challenged with an IAV, PRCv, a combination of IAV and
PRCv or vehicle (Fig. 8). Clinical signs, laboratory measurements
(such as viral load, and cytokine levels), and cell immunological

measurements serve as readouts for vaccine efficacy.

IT.3 Proof of concept of a combinatorial vaccination against IAV
and SARS-CoV-2

For this experiment, a RNA-VLP with a chimeric IAV M RNP will
be constructed. The chimeric M RNP will contain genetic information
of the IAV M segment as well as genetic information fully or
partially describing one of the proteins of the SARS-CoV-2. VLP
will be constructed as described above. Those VLPs will be used to
vaccinate pigs. After vaccination and a possible booster vaccina-
tion blood will be drawn from the animals, which will be used in
serological and in vitro cell immunological tests. As soon as a
valid and useable animal model for SARS-CoV-2 is identified the
anti SARS-CoV-2 RNA-VLP will be tested in a in vivo challenge study
(Figs. 9 and 10).

Abbreviations:

DAT DNA-dependent activator of IFN-regulatory factors
DAMPs danger associated molecular patterns

DC dendritic cells

HA hemagglutinin

IAV Influenza A Virus

LATIV attenuated live virus vaccine

NA neuraminidase
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NP nucleoprotein
PAMPs pathogen associated molecular patterns
PRCv porcine respiratory corona virus
RNA Ribonucleic acid
RNP ribonucleoprotein complexes
ZBP1 Z-DNA-binding protein 1
Sequences:

SEQ ID NO: 1 (pCAGGS):

GTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATAT
GGAGTTCCGCGTTACATAACTTACGGTARATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGCGACTTTCCATTGACCTCAATGGCTGGACT
ATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG
TACATCTACGTATTAGTCATCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCC
ATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGG
CGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGCGGGGCGGGGCCAGGGGCEGEGCEGGGCCAGGCGGAGAG
GTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCCARAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCE
GCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGCAGTCGCTGCCTTGCCTTCGCCCCETGCCCCGCTCCGE
GCCGCCTCGCGCCGCCCGCCCCGGCTCTCGACTGACCGCCTTACTCCCACAGGTCAGCGGGCGGGACGGCC
CTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTGTGGCTGCGTGAAAG
CCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAGCGGCTCGGGEGETGCCTGCGTGTGTGTGCTG
CGTGGGGAGCGCCGCGTGCGGCCCGCGCTGCCCGGCGGCTCTCAGCGCTGCEGECECEECECEEGECTTT
GTGCGCTCCGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGETGCGGGEGGGCTGCGAGS
GGAACAAAGGCTGCGTGCGGGGTGTGTGCCTGCCCGGCTCAGCAGGGGCTCTGEGCECEECEETCGGGLT
GTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGCTGCGGGGCTCCETGE
GGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGCTGGCGGCAGCTGGGGETGCCGGGCEGEGCEGEE
CCGCCTCGGGCCGGGGAGGGCTCGGGGCAGGGGCGCGGCGGCCCCCCAGCGCCEGCEGCTCTCCAGGCGE
GGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCCAGAGCGCGCAGGGACTTCCTTTGTCCCAAATC
TGGCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCC
GGCAGGAAGGAAATGGGCGGGGAGGGCCTTCCTGCGTCGCCGCGCCGCCETCCCCTTCTCCATCTCCAGC
CTCGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGCGGGCACGGGGCAGGGCEEEETTCCGCTTCTGGCGT
GTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCA
ACGTGCTGGTTGTTGTGCTGTCTCATCATTTTGGCAAAGAATTCCTCCAGGAATTCACTCCTCAGGTGCA
GGCTGCCTATCAGAAGGTGGTGGCTGCTGTGGCCAATGCCCTGGCTCACARATACCACTGAGATCTTTTT
CCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACTTCTCGGCTAATAAAGGAAAT
TTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGACATATGGCAGGGCARA
TCATTTAAAACATCAGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCATATGCTGGCTGCCATGA

ACAAAGGTGGCTATAAAGAGGTCATCAGTATATGAAACAGCCCCCTGCTGTCCATTCCTTATTCCATAGA
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AAAGCCTTGACTTGAGGTTAGATTTTTTTTATATTTTGTTTTGTGTTATTTTTTTCTTTAACATCCCTAA
AATTTTCCTTACATGTTTTACTAGCCAGATTTTTCCTCCTCTCCTGACTACTCCCAGTCATAGCTGTCCC
TCTTCTCTTATGAAGATCCCTCGACCTGCAGCCCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGT
GTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGT
GCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGT
CGTGCCAGCGGATCCGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCC
CTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCG
AGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAA
AAAGCTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATA
AAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGAT
CCGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCT
CGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAAT
ACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGG
AACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC
CCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGC
GTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCT
GTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGC
GGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCG
CTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT CTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT CACGTTAAGGGATTTTGGTCATGAGATTAT
CAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGA
GTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA
GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGG
AAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGT
CACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTG
TTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGC
GTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCG
GGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACT
GATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATT
TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTC

CGCGCACATTTCCCCGAAAAGTGCCACCTG
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SEQ ID NO: 2 (pHWX):

CAGCTGGTTCTTTCCGCCTCAGAAGCCATAGAGCCCACCGCATCCCCAGCATGCCTGCTATTGTCTTCCC
AATCCTCCCCCTTGCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCGA
TGCAATTTCCTCATTTTATTAGGAAAGGACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGG
GAGGGGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCGAGCTCTAGCATTTA
GGTGACCGCCGGGAGGGCGTCCCCGGCCCEGCECTGCTCCCGCGTGTGTCCTGGGGETTGACCAGAGGGCC
CCGGGCGCTCCGTGTGTGGCTGCGATGGTGGCGTTTTTGGGGACAGGTGTCCGTGTCGCGCGTCGCCTGG
GCCGGCGGCGETGGTCGGTGACGCGACCTCCCGGCCCCGGGGGAGGTATATCTTTCGCTCCGAGTCGGCAT
TTTGGGCCGCCGGGTTATTGGAGACGGGGTCGACCTGCAGACTGGCTGTGTATAAGGGAGCCTGACATTT
ATATTCCCCAGAACATCAGGTTAATGGCGTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTC
TTCCCCGATAACGGAAACCGGCACACTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGATA
TGCACCACCGGGTAAAGTTCACGGGAGACTTTATCTGACAGCAGACGTGCACTGGCCAGGGGGATCACCA
TCCGTCGCCCGGGCGTGTCAATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTT
ATAGGTGTAAACCTTAAACTGCATTTCACCAGCCCCTGTTCTCGTCAGCAAAAGAGCCGTTCATTTCAAT
AAACCGGGCGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCAGCGTTCGGCACGCAGACGACGGGCT
TCATTCTGCATGGTTGTGCTTACCAGACCGGAGATATTGACATCATATATGCCTTGAGCAACTGATAGCT
GTCGCTGTCAACTGTCACTGTAATACGCTGCTTCATAGCATACCTCTTTTTGACATACTTCGGGTATACA
TATCAGTATATATTCTTATACCGCAAAAATCAGCGCGCAAATACGCATACTGTTATCTGGCTTTTAGTAA
GCCGGATCCACGCGTCGTCTCCTCCCCCCCAACTTCGGAGGTCGACCAGTACTCCGGTTAACTGCTAGAC
CCTATAGTGAGTCGTATTAATTTCGATAAGCCAGTAAGCAGTGGGTTCTCTAGTTAGCCAGAGAGCTCTG
CTTATATAGACCTCCCACCGTACACGCCTACCGCCCATTTGCGTCAATGGGGCGGAGTTGTTACGACATT
TTGGAAAGTCCCGTTGATTTTGGTGCCAAAACAAACTCCCATTGACGTCAATGGGGTGGAGACTTGGAAA
TCCCCGTGAGTCAAACCGCTATCCACGCCCATTGATGTACTGCCAAAACCGCATCACCATGGTAATAGCG
ATGACTAATACGTAGATGTACTGCCAAGTAGGAAAGTCCCATAAGGTCATGTACTGGGCATAATGCCAGG
CGGGCCATTTACCGTCATTGACGTCAATAGGGGGCGTACTTGGCATATCGACGTCAGGTGGCACTTTTCG
GGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGA
CAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCG
CCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAA
AGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTT
GAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTAT
TATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGA
GTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATA
ACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGAT CGGAGGACCGAAGGAGCTAACCGCTT
TTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACC
AAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAA
CTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGTTCTCGCGG
TATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAG
GCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGT
CAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGT
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GAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGAC
CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAA
AAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAAC
TGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAG
AACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATA
AGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGG
GGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTA
TGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAG
GAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT
CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCG
GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATT
CTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAG
CGAGTCAGTGAGCGAGGAAGCGGAAGagecgecccaatacgcaaacecgectctececegegegttggecgatt

cattaatg

SEQ ID NO: 3 (Influenza A virus (A/California/04/2009 (HIN1)) seg-
ment 1 polymerase PB2 (PB2) gene; FJ969516.1 Influenza A virus
(A/California/04/2009 (HIN1)) segment 1 polymerase PB2 (PB2) gene,
complete cds)

ATGGAGAGAATAAAAGAACTGAGAGATCTAATGTCGCAGTCCCGCACTCGCGAGATACTCACTAAGACCA
CTGTGGACCATATGGCCATAATCAAAAAGTACACATCAGGAAGGCAAGAGAAGAACCCCGCACTCAGAAT
GAAGTGGATGATGGCAATGAGATACCCAATTACAGCAGACAAGAGAATAATGGACATGATTCCAGAGAGG
AATGAACAAGGACAAACCCTCTGGAGCAAAACAAACGATGCTGGATCAGACCGAGTGATGGTATCACCTC
TGGCCGTAACATGGTGGAATAGGAATGGCCCAACAACAAGTACAGTTCATTACCCTAAGGTATATAAAAC
TTATTTCGAAAAGGTCGAAAGGTTGAAACATGGTACCTTCGGCCCTGTCCACTTCAGAAATCAAGTTAAA
ATAAGGAGGAGAGTTGATACAAACCCTGGCCATGCAGATCTCAGTGCCAAGGAGGCACAGGATGTGATTA
TGGAAGTTGTTTTCCCAAATGAAGTGGGGGCAAGAATACTGACATCAGAGTCACAGCTGGCAATAACAAA
AGAGAAGAAAGAAGAGCTCCAGGATTGTAAAATTGCTCCCTTGATGGTGGCGTACATGCTAGAAAGAGAA
TTGGTCCGTAAAACAAGGTTTCTCCCAGTAGCCGGCGGAACAGGCAGTGTTTATATTGAAGTGTTGCACT
TAACCCAAGGGACGTGCTGGGAGCAGATGTACACTCCAGGAGGAGAAGTGAGAAATGATGATGTTGACCA
AAGTTTGATTATCGCTGCTAGAAACATAGTAAGAAGAGCAGCAGTGTCAGCAGACCCATTAGCATCTCTC
TTGGAAATGTGCCACAGCACACAGATTGGAGGAGTAAGGATGGTGGACATCCTTAGACAGAATCCAACTG
AGGAACAAGCCGTAGACATATGCAAGGCAGCAATAGGGTTGAGGATTAGCTCATCTTTCAGTTTTGGTGG
GTTCACTTTCAAAAGGACAAGCGGATCATCAGTCAAGAAAGAAGAAGAAGTGCTAACGGGCAACCTCCAA
ACACTGAAAATAAGAGTACATGAAGGGTATGAAGAATTCACAATGGTTGGGAGAAGAGCAACAGCTATTC
TCAGAAAGGCAACCAGGAGATTGATCCAGTTGATAGTAAGCGGGAGAGACGAGCAGTCAATTGCTGAGGC
AATAATTGTGGCCATGGTATTCTCACAGGAGGATTGCATGATCAAGGCAGTTAGGGGCGATCTGAACTTT
GTCAATAGGGCAAACCAGCGACTGAACCCCATGCACCAACTCTTGAGGCATTTCCAAAAAGATGCAAAAG
TGCTTTTCCAGAACTGGGGAATTGAATCCATCGACAATGTGATGGGAATGATCGGAATACTGCCCGACAT
GACCCCAAGCACGGAGATGTCGCTGAGAGGGATAAGAGTCAGCAAAATGGGAGTAGATGAATACTCCAGC
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ACGGAGAGAGTGGTAGTGAGTATTGACCGATTTTTAAGGGTTAGAGATCAAAGAGGGAACGTACTATTGT
CTCCCGAAGAAGTCAGTGAAACGCAAGGAACTGAGAAGTTGACAATAACTTATTCGTCATCAATGATGTG
GGAGATCAATGGCCCTGAGTCAGTGCTAGTCAACACTTATCAATGGATAAT CAGGAACTGGGAAATTGTG
AAAATTCAATGGTCACAAGATCCCACAATGTTATACAACAAAATGGAATTTGAACCATTTCAGTCTCTTG
TCCCTAAGGCAACCAGAAGCCGGTACAGTGGATTCGTAAGGACACTGTTCCAGCAAATGCGGGATGTGCT
TGGGACATTTGACACTGTCCAAATAATAAAACTTCTCCCCTTTGCTGCTGCCCCACCAGAACAGAGTAGG
ATGCAATTTTCCTCATTGACTGTGAATGTGAGAGGATCAGGGTTGAGGATACTGGTAAGAGGCAATTCTC
CAGTATTCAATTACAACAAGGCAACCAAACGACTTACAGTTCTTGGAAAGGATGCAGGTGCATTGACTGA
AGATCCAGATGAAGGCACATCTGGGGTGGAGTCTGCTGTCCTGAGAGGATTTCTCATTTTGGGCAAAGAA
GACAAGAGATATGGCCCAGCATTAAGCATCAATGAACTGAGCAATCTTGCAAAAGGAGAGAAGGCTAATG
TGCTAATTGGGCAAGGGGACGTAGTGTTGGTAATGAAACGAAAACGGGACTCTAGCATACTTACTGACAG
CCAGACAGCGACCAAAAGAATTCGGATGGCCATCAATTAG

SEQ ID NO: 4 (Influenza A virus (A/California/04/2009(HIN1)) seg-
ment 2 polymerase PBl1 (PBl) gene; MK159411.1 Influenza A virus
(A/California/04/2009 (HIN1)) segment 2 polymerase PB1 (PBl) gene,
complete cds; and nonfunctional PB1-F2 protein (PB1-F2) gene, com-
plete sequence)

AGCAAAAGCAGGCAAACCATTTGAATGGATGTCAATCCGACTCTACTTTTCCTAAAAATTCCAGCGCARAA
ATGCCATAAGCACCACATTCCCTTATACTGGAGATCCTCCATACAGCCATGGAACAGGAACAGGATACAC
CATGGACACAGTAAACAGAACACACCAATACTCAGAAAAGGGAAAGTGGACGACARAACACAGAGACTGGT
GCACCCCAGCTCAACCCGATTGATGGACCACTACCTGAGGATAATGAACCAAGTGGGTATGCACAAACAG
ACTGTGTTCTAGAGGCTATGGCTTTCCTTGAAGAATCCCACCCAGGAATATTTGAGAATTCATGCCTTGA
AACAATGGAAGTTGTTCAACAAACAAGGGTAGATAAACTAACTCAAGGTCGCCAGACTTATGATTGGACA
TTAAACAGAAATCAACCGGCAGCAACTGCATTGGCCAACACCATAGAAGTCTTTAGATCGAATGGCCTAA
CAGCTAATGAGTCAGGAAGGCTAATAGATTTCTTAAAGGATGTAATGGAATCAATGAACAAAGAGGAAAT
AGAGATAACAACCCACTTTCAAAGAAARAAGGAGAGTAAGAGACAACATGACCAAGAAGATGGTCACGCAA
AGAACAATAGGGAAGAAAAAACAAAGACTGAATAAGAGAGGCTATCTAATAAGAGCACTGACATTAAATA
CGATGACCAAAGATGCAGAGAGAGGCAAGTTAAAAAGAAGGGCTATCGCAACACCTGGGATGCAGATTAG
AGGTTTCGTATACTTTGTTGAAACTTTAGCTAGGAGCATTTGCGAAAAGCTTGAACAGTCTGGGCTCCCA
GTAGGGGGCAATGAAAAGAAGGCCAAACTGGCAAATGTTGTGAGAAAGATGATGACTAATTCACAAGACA
CAGAGATTTCTTTCACAATCACTGGGGACAACACTAAGTGGAATGAAAATCAAAATCCTCGAATGTTCCT
GGCGATGATTACATATATCACCAGAAATCAACCCGAGTGGTTCAGAAACATCCTGAGCATGGCACCCATA
ATGTTCTCAAACAAAATGGCAAGACTAGGGAAAGGGTACATGTTCGAGAGTAAAAGAATGAAGATTCGAA
CACAAATACCAGCAGAAATGCTAGCAAGCATTGACCTGAAGTACTTCAATGAATCAACAAAGAAGAAAAT
TGAGAAAATAAGGCCTCTTCTAATAGATGGCACAGCATCACTGAGTCCTGGGATGATGATGGGCATGTTC
AACATGCTAAGTACGGTCTTGGGAGTCTCGATACTGAATCTTGGACAAAAGAAATACACCAAGACAATAT
ACTGGTGGGATGGGCTCCAATCATCCGACGATTTTGCTCTCATAGTGAATGCACCAAACCATGAGGGAAT
ACAAGCAGGAGTGGACAGATTCTACAGGACCTGCAAGTTAGTGGGAATCAACATGAGCAAAAAGAAGTCC
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TATATAAATAAGACAGGGACATTTGAATTCACAAGCTTTTTTTATCGCTATGGATTTGTGGCTAATTTTA
GCATGGAGCTACCCAGCTTTGGAGTGTCTGGAGTAAATGAATCAGCTGACATGAGTATTGGAGTAACAGT
GATAAAGAACAACATGATAAACAATGACCTTGGACCTGCAACGGCCCAGATGGCTCTTCAATTGTTCATC
AAAGACTACAGATACACATATAGGTGCCATAGGGGAGACACACAAATTCAGACGAGAAGATCATTTGAGT
TAAAGAAGCTGTGGGATCAAACCCAATCAAAAGTAGGGCTATTAGTATCAGATGGAGGACCAAACTTATA
CAATATACGGAATCTTCACATTCCTGAAGTCTGCTTAAAATGGGAGCTAATGGATGATGATTATCGGGGA
AGACTTTGTAATCCCCTGAATCCCTTTGTCAGTCATAAAGAGATTGATTCTGTAAACAATGCTGTGGTAA
TGCCAGCCCATGGTCCAGCCAAAAGCATGGAATATGATGCCGTTGCAACTACACATTCCTGGATTCCCAA
GAGGAATCGTTCTATTCTCAACACAAGCCAAAGGGGAATTCTTGAGGATGAACAGATGTACCAGAAGTGC
TGCAATCTATTCGAGAAATTTTTCCCTAGCAGTTCATATAGGAGACCGGTTGGAATTTCTAGCATGGTGG
AGGCCATGGTGTCTAGGGCCCGGATTGATGCCAGGGTCGACTTCGAGTCTGGACGGATCAAGAAAGAAGA
GTTCTCTGAGATCATGAAGATCTGTTCCACCATTGAAGAACTCAGACGGCAAAAATAATGAATTTAACTT
GTCCTTCATGAAAAAATGCCTTGTTTCTACT

SEQ ID NO: 5 (Influenza A virus (A/California/04/2009(HIN1)) seg-
ment 3 polymerase PA (PA) dgene; FJ966081.1 Influenza A virus
(A/California/04/2009 (HIN1)) segment 3 polymerase PA (PA) dJene,
complete cds)

ATGGAAGACTTTGTGCGACAATGCTTCAATCCAATGATCGTCGAGCTTGCGGAAAAGGCAATGAAAGAAT
ATGGGGAAGATCCGAAAATCGAAACTAACAAGTTTGCTGCAATATGCACACATTTGGAAGTTTGTTTCAT
GTATTCGGATTTCCATTTCATCGACGAACGGGGTGAATCAATAATTGTAGAATCTGGTGACCCGAATGCA
CTATTGAAGCACCGATTTGAGATAATTGAAGGAAGAGACCGAATCATGGCCTGGACAGTGGTGAACAGTA
TATGTAACACAACAGGGGTAGAGAAGCCTAAATTTCTTCCTGATTTGTATGATTACAAAGAGAACCGGTT
CATTGAAATTGGAGTAACACGGAGGGAAGTCCACATATATTACCTAGAGAAAGCCAACAAAATAAAATCT
GAGAAGACACACATTCACATCTTTTCATTCACTGGAGAGGAGATGGCCACCAAAGCGGACTACACCCTTG
ACGAAGAGAGCAGGGCAAGAATCAAAACTAGGCTTTTCACTATAAGACAAGAAATGGCCAGTAGGAGTCT
ATGGGATTCCTTTCGTCAGTCCGAAAGAGGCGAAGAGACAATTGAAGAAAAATTTGAGATTACAGGAACT
ATGCGCAAGCTTGCCGACCAAAGTCTCCCACCGAACTTCCCCAGCCTTGAAAACTTTAGAGCCTATGTAG
ATGGATTCGAGCCGAACGGCTGCATTGAGGGCAAGCTTTCCCAAATGTCAAAAGAAGTGAACGCCAAAAT
TGAACCATTCTTGAGGACGACACCACGCCCCCTCAGATTGCCTGATGGGCCTCTTTGCCATCAGCGGTCA
AAGTTCCTGCTGATGGATGCTCTGAAATTAAGTATTGAAGACCCGAGTCACGAGGGGGAGGGAATACCAC
TATATGATGCAATCAAATGCATGAAGACATTCTTTGGCTGGAAAGAGCCTAACATAGTCAAACCACATGA
GAAAGGCATAAATCCCAATTACCTCATGGCTTGGAAGCAGGTGCTAGCAGAGCTACAGGACATTGAAAAT
GAAGAGAAGATCCCAAGGACAAAGAACATGAAGAGAACAAGCCAATTGAAGTGGGCACTCGGTGAAAATA
TGGCACCAGAAAAAGTAGACTTTGATGACTGCAAAGATGTTGGAGACCTTAAACAGTATGACAGTGATGA
GCCAGAGCCCAGATCTCTAGCAAGCTGGGTCCAAAATGAATTCAATAAGGCATGTGAATTGACTGATTCA
AGCTGGATAGAACTTGATGAAATAGGAGAAGATGTTGCCCCGATTGAACATATCGCAAGCATGAGGAGGA
ACTATTTTACAGCAGAAGTGTCCCACTGCAGGGCTACTGAATACATAATGAAGGGAGTGTACATAAATAC
GGCCTTGCTCAATGCATCCTGTGCAGCCATGGATGACTTTCAGCTGATCCCAATGATAAGCAAATGTAGG
ACCAAAGAAGGAAGACGGAAAACAAACCTGTATGGGTTCATTATAAAAGGAAGGTCTCATTTGAGAAATG
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ATACTGATGTGGTGAACTTTGTAAGTATGGAGTTCTCACTCACTGACCCGAGACTGGAGCCACACAAATG
GGAAAAATACTGTGTTCTTGAAATAGGAGACATGCTCTTGAGGACTGCGATAGGCCAAGTGTCGAGGCCC
ATGTTCCTATATGTGAGAACCAATGGAACCTCCAAGATCAAGATGAAATGGGGCATGGAAATGAGGCGCT
GCCTTCTTCAGTCTCTTCAGCAGATTGAGAGCATGATTGAGGCCGAGTCTTCTGTCAAAGAGAAAGACAT
GACCAAGGAATTCTTTGAAAACAAATCGGARAACATGGCCAATCGGAGAGTCACCCAGGGGAGTGGAGGAA
GGCTCTATTGGGAAAGTGTGCAGGACCTTACTGGCAAAATCTGTATTCAACAGTCTATATGCGTCTCCAC
AACTTGAGGGGTTTTCGGCTGAATCTAGAAAATTGCTTCTCATTGTTCAGGCACTTAGGGACAACCTGGA
ACCTGGAACCTTCGATCTTGGGGGGCTATATGAAGCAATCGAGGAGTGCCTGATTAATGATCCCTGGGTT
TTGCTTAATGCATCTTGGTTCAACTCCTTCCTCACACATGCACTGAAGTAG

SEQ ID NO: 6 (Influenza A virus (A/California/04/2009 (HIN1)) seg-
ment 5 nucleocapsid protein (NP) gene; FJ966083.1 Influenza A virus
(A/California/04/2009 (HIN1)) segment 5 nucleocapsid protein (NP)
gene, complete cds)
ATGGCGTCTCAAGGCACCAAACGATCATATGAACAAATGGAGACTGGTGGGGAGCGCCAGGATGCCACAG
AAATCAGAGCATCTGTCGGAAGAATGATTGGTGGAATCGGGAGATTCTACATCCAAATGTGCACTGAACT
CAAACTCAGTGATTATGATGGACGACTAATCCAGAATAGCATAACAATAGAGAGGATGGTGCTTTCTGCT
TTTGATGAGAGAAGAAATAAATACCTAGAAGAGCATCCCAGTGCTGGGAAGGACCCTAAGAAAACAGGAG
GACCCATATATAGAAGAGTAGACGGAAAGTGGATGAGAGAACTCATCCTTTATGACAAAGAAGAAATAAG
GAGAGTTTGGCGCCAAGCAAACAATGGCGAAGATGCAACAGCAGGTCTTACTCATATCATGATTTGGCAT
TCCAACCTGAATGATGCCACATATCAGAGAACAAGAGCGCTTGTTCGCACCGGAATGGATCCCAGAATGT
GCTCTCTAATGCAAGGTTCAACACTTCCCAGAAGGTCTGGTGCCGCAGGTGCTGCGGTGAAAGGAGTTGG
AACAATAGCAATGGAGTTAATCAGAATGATCAAACGTGGAATCAATGACCGAAATTTCTGGAGGGGTGAA
AATGGACGAAGGACAAGGGTTGCTTATGAAAGAATGTGCAATATCCTCAAAGGAAAATTTCAAACAGCTG
CCCAGAGGGCAATGATGGATCAAGTAAGAGAAAGTCGAAACCCAGGAAACGCTGAGATTGAAGACCTCAT
TTTCCTGGCACGGTCAGCACTCATTCTGAGGGGATCAGTTGCACATAAATCCTGCCTGCCTGCTTGTGTG
TATGGGCTTGCAGTAGCAAGTGGGCATGACTTTGAAAGGGAAGGGTACTCACTGGTCGGGATAGACCCAT
TCAAATTACTCCAAAACAGCCAAGTGGTCAGCCTGATGAGACCAAATGAAAACCCAGCTCACAAGAGTCA
ATTGGTGTGGATGGCATGCCACTCTGCTGCATTTGAAGATTTAAGAGTATCAAGTTTCATAAGAGGARAG
AAAGTGATTCCAAGAGGAAAGCTTTCCACAAGAGGGGTCCAGATTGCTTCAAATGAGAATGTGGAAACCA
TGGACTCCAATACCCTGGAACTGAGAAGCAGATACTGGGCCATAAGGACCAGGAGTGGAGGAAATACCAA
TCAACAAAAGGCATCCGCAGGCCAGATCAGTGTGCAGCCTACATTCTCAGTGCAGCGGAATCTCCCTTTT
GAAAGAGCAACCGTTATGGCAGCATTCAGCGGGAACAATGAAGGACGGACATCCGACATGCGAACAGAAG
TTATAAGAATGATGGAAAGTGCAAAGCCAGAAGATTTGTCCTTCCAGGGGCGGGGAGTCTTCGAGCTCTC
GGACGAAAAGGCAACGAACCCGATCGTGCCTTCCTTTGACATGAGTAATGAAGGGTCTTATTTCTTCGGA
GACAATGCAGAGGAGTATGACAGTTGA

SEQ ID NO: 7 (Influenza A virus (A/California/04/2009(HIN1)) seg-
ment 7 matrix protein 2 (M2) and matrix protein 1 (M1l) genes;
FJ969513.1 Influenza A virus (A/California/04/2009 (HIN1)) segment
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7 matrix protein 2 (M2) and matrix protein 1 (M1l) genes, complete
cds)
ATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTTTCTATCATCCCGTCAGGCCCCCTCARAGCCGAGA
TCGCGCAGAGACTGGAAAGTGTCTTTGCAGGAAAGAACACAGATCTTGAGGCTCTCATGGAATGGCTARA
GACAAGACCAATCTTGTCACCTCTGACTAAGGCGAATTTTAGGATTTGTGTTCACGCTCACCCTGCCCAGT
GAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTARATGGGAATGGGGACCCGAACAACATGG
ATAGAGCAGTTAAACTATACAAGAAGCTCAAAAGAGAAATAACGTTCCATGCCCGCCAAGCAGGTCTCACT
AAGCTATTCAACTGGTGCACTTGCCAGTTGCATGGGCCTCATATACAACAGCATGGCAACAGTGACCACA
GAAGCTGCTTTTGGTCTAGTGTGTGCCACTTGTGAACAGATTGCTGATTCACAGCATCGGTCTCACAGAC
AGATGGCTACTACCACCAATCCACTAATCAGGCATGAAAACAGAATGGTGCTGGCTAGCACTACGGCARA
GGCTATGGAACAGATGGCTGGATCGAGTGAACAGGCAGCGGAGGCCATGGAGGTTGCTAATCAGACTAGG
CAGATGGTACATGCAATGAGAACTATTGGCGACTCATCCTAGCTCCAGTGCTGGTCTGAAAGATGACCTTC
TTGAAAATTTGCAGGCCTACCAGAAGCGAATGGGAGTGCAGATGCAGCGATTCAAGTGATCCTCTCGTCA
TTGCAGCAAATATCATTGGGATCTTGCACCTGATATTGTGGATTACTGATCGTCTTTTTTTCAAATGTAT
TTATCGTCGCTTTAAATACGGTTTGAAAAGAGGGCCTTCTACGGAAGGAGTGCCTGAGTCCATGAGGGAA
GAATATCAACAGGAACAGCAGAGTGCTGTGGATGTTGACCGATGGTCATTTTCTCAACATAGAGCTAGAGT
AA

SEQ ID NO: 8 (Influenza A virus (A/New Caledonia/20/1999 (HIN1))
segment 4 HA gene; CY031336.1 Influenza A virus (A/New Caledo-
nia/20/1999 (HIN1)) segment 4 segquence)
AGCAAAAGCAGGGGAAAATAAAAACAACCAAAATGAAAGCAAAACTACTGCTCCTGTTATGTACATTTAC
AGCTACATATGCAGACACAATATGTATAGGCTACCATGCCAACAACTCAACCGACACTGTTGACACAGTA
CTTGAGAAGAATGTGACAGTGACACACTCTGTCAACCTACTTGAGCGACAGTCACAATGGAAAACTATGTC
TACTAAAAGGAATAGCCCCACTACAATTGGGTAATTGCAGCGTTGCCGGATGGATCTTAGGARACCCAGA
ATGCGAATTACTGATTTCCAAGGAATCATGGTCCTACATTGTAGAAACACCARATCCTCAGAATGGAACA
TGTTACCCAGGGTATTTCGCCGACTATGAGGAACTGAGGGAGCAATTGAGTTCAGTATCTTCATTTGAGA
GATTCGAAATATTCCCCAAAGAAAGCTCATGGCCCACCCACACCCTAACCGCAGTATCAGCATCATGCTC
CCATAATGGGAAAAGCAGTTTTTACAGAAATTTGCTATGGCTCACGGGCAAGAATGCTTTGTACCCAAAC
CTGAGCAAGTCCTATGTAAACAACAAAGAGAAAGAAGTCCTTGTACTATGGGGTGTTCATCACCCGCCTA
ACATAGGGGACCAAAGGGCCCTCTATCATACAGAAAATGCTTATGTCTCTGTAGTGTCTTCACATTATAG
CAGAAGATTCACCCCAGAAATAGCCAAAAGACCCAAAGTAAGAGATCAGCAAGGAAGAATCAACTACTAC
TGGACTCTGCTGGAACCTGGGGATACAATAATATTTGAGGCARATGGARATCTAATAGCGCCATGGTATG
CTTTTGCACTGAGTAGAGGCTTTGGATCAGGAATCATCACCTCAAATGCACCAATGCATGAATGCTGATGC
GAAGTGTCAAACACCTCAGGGAGCTATAAACAGCAGTCTTCCTTTCCAGAATGTACACCCAGTCACAATA
GGAGAGTGTCCAAAGTATGTCAGGAGTGCAAAATTAAGCATGCTTACAGCACTAAGGAACATCCCATCCA
TTCAATCCAGAGGTTTGTTTGGAGCCATTGCCGGTTTCATTGAAGGGGGGTGCACTGCAATGGTAGATGG
GTGGTATGGTTATCATCATCAGAATGAGCAAGCGATCTGGCTATGCTGCAGATCAAAAAAGTACACAAAAT
GCCATTAACGGGATTACAAACAAGGTGAATTCTGTAATTGAGAAAATGAACACTCAATTCACAGCTGTGG
GCAAAGAATTCAACAAATTGGAAAGAAGCATGCAAAACTTAAATAAAAAAGTTCATGATGGCTTTCTAGA
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CATTTGGACATATAATGCAGAATTGTTGGTTCTACTGGAAAATGAAAGGACTTTGGATTTCCATGACTCC
AATGTGAAGAATCTGTATGAGAAAGTAAAAAGCCAATTAAAGAATAATGCCAAAGAAATAGGAAACGGGT
GTTTTGAATTCTATCACAAGTGTAACAATGAATGCATGGAGAGTGTGAAAAATGGAACTTATGACTATCC
AAAATATTCCGAAGAATCAAAGTTAAACAGGGAGAAAATTGATGGAGTGAAATTGGAATCAATGGGAGTC
TATCAGATTCTGGCGATCTACTCAACTGTCGCCAGTTCCCTGGTTCTTTTGGTCTCCCTGGGGGCAATCA
GCTTCTGGATGTGTTCCAATGGGTCTTTGCAGTGTAGAATATGCATCTGAGACCAGAATTTCAGAAATAT
AAGAAAAAACACCCTTGTTTCTACT

SEQ ID NO: 9 (Influenza A virus (A/New Caledonia/20/1999 (HIN1))
segment 6 NA gene; CY033624.1 Influenza A virus (A/New Caledo-
nia/20/1999 (HIN1)) segment 6, complete sequence)
AATGAATCCAAATCAAAAAATAATAACCATTGGATCAATCAGTATAGCAATCGGAATAATTAGTCTAATG
TTGCAAATAGGAAATATTATTTCAATATGGGCTAGTCACTCAATCCAAACTGGAAGTCAAAACCACACTG
GAGTATGCAACCAAAGAATCATCACATATGAAAACAGCACCTGGGTGAATCACACATATCTTAATATTAA
CAACACTAATGTTGTTGCTGGAAAGGACAAAACTTCAGTGACATTGGCCGGCAATTCATCTCTTTGTTCT
ATCAGTGGATGGGCTATATACACAAAAGACAACAGCATAAGAATTGGCTCCARAGGAGATGTTTTTGTCA
TAAGAGAACCTTTCATATCATGTTCTCACTTGGAATGCAGAACCTTTTTTCTGACCCAAGGTGCTCTATT
AAATGACAAACATTCAAATGGGACCGTTAAGCGACAGAAGTCCTTATAGGGCCTTAATGAGCTGTCCTCTA
GGTGAAGCTCCGTCCCCATACAATTCAAAGTTTGAATCAGTTGCATGGTCAGCAAGCGCATGCCATGATG
GCATGGGCTGGTTAACAATCGGAATTTCTGGTCCAGACAATGGAGCTGTGGCTGTACTAAAATACAACGE
CATAATAACTGAAACCATAAAAAGTTGCAAAAAGCCAATATTAAGAACACAAGAGCTCTGAATCTCTCTGT
GTGAACGGGTCATGTTTCACCATAATGACCGATGGCCCCAGTAATGGGGCCGCCTCCTACAAAATCTTCA
AGATCGAAAAGGGGAAGGTTACTAAATCAATAGAGTTGAATGCACCCAATTTTCATTATGAGGAATGTTC
CTGTTACCCAGACACTGGCACAGTGATGTGTGTATGCAGGGACAACTGGCATGGTTCAAATCGACCTTGG
GTGTCTTTTAATCAAAACCTGGATTATCAAATAGCGATACATCTGCAGTGGGCTGTTCGGTGACAATCCGE
GTCCCAAAGATGGAGAGGGCAGCTGTAATCCAGTGACTGTTGATGCAGCAGACGCAGTAAAGGGGTTTTC
ATACAAATATGGTAATGGTGTTTGGATAGCAAGCACTAAAAGTAACAGACTTAGAAAGGGGTTTGAGATG
ATTTGGGATCCTAATGGATGGACAGATACCCACAGTGATTTCTCAGTGARACAGCATCTTCTGGCAATAA
CTGATTGGTCAGGGTACAGCGGAAGTTTCGTTCAACATCCTGAGTTAACAGCATTGCACTGTATAAGACC
TTGCTTCTGGGTTGAGTTAGTCAGAGGACT GCCTAGAGAAAATACAACAATCTGGACTAGTGGGAGCAGC
ATTTCTTTTTGTGGCGTAAATAGTGATACTGCAAACTGGTCTTGGCCAGACGGETGCTCAGTTGCCGTTCA
CCATTGACAAGTAG

SEQ ID Nos: 3 to 9 are all available in the UNIPROT database.

The present invention discloses the following preferred em-
bodiments:
1. Influenza virus-like particles (VLPs), wherein the VLPs com-
prise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
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the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least one of PB1l, PB2, and NS2.

2. VLPs according to embodiment 1, further comprising a matrix

protein (M) ribonucleoprotein complex.

3. VLPs according to embodiment 1 or 2, wherein the HA protein

is selected from the group of seasonal, non-pandemic HA proteins.

4, VLPs according to any one of embodiments 1 to 3, wherein the
NA protein is selected from the group of seasonal, non-pandemic NA

proteins.

5. VLPs according to any one of embodiments 1 to 4, further
comprising a genetically modified M ribonucleoprotein complex,
preferably wherein the M ribonucleoprotein complex contains viral
RNA encoding an antigen of a non-influenza virus pathogen, an
oncogene or a malignant tissue protein, especially wherein the M
ribonucleoprotein complex contains viral RNA encoding a fusion
protein containing an M protein and a protein or antigenic protein

fragment of a non-influenza virus pathogen.

6. VLPs according to embodiment 5, wherein especially the non-
influenza virus pathogen is selected from a non-influenza virus,
a gram-positive or gram-negative bacterium, a fungus, a protozoan,
or a prion, preferably a non-influenza RNA virus, a DNA virus, or
a retrovirus, especially wherein the virus 1s SARS-COV-1, SARS-

COV-2, or Dengue virus.

7. VLPs according to any one of embodiments 1 to 6, wherein the
VLPs comprise:

- HA protein and NA protein on the surface of the VLPs,

- a NP ribonucleoprotein complex, and, preferably an M ribonu-

cleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least two of PBR1, PB2, NS1 and NS2; preferably wherein the VLPs do
not contain a ribonucleoprotein complex of at least three of PRI,

PR2, NS1 and NS2; even more preferred wherein the VLPs do not
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contain a ribonucleoprotein complex of NS1; especially wherein the
VLPs do not contain a ribonucleoprotein complex of PR1, PB2, NSl
and NS2.

8. VLPs according to any one of embodiments 1 to 7, triggering

inflammatory cell death (necroptosis) upon entry into a cell.

9. Vaccine comprising the VLPs according to any one of embodi-

ments 1 to 8, and a pharmaceutically acceptable excipient.

10. Vaccine according to embodiment 9, wherein the vaccine is an

intranasal vaccine, preferably an aerosol or nasal spray.

11. Pharmaceutical composition comprising the VLPs according to

any one of embodiments 1 to 8.

12. Method for producing VLPs according to any one of embodiments

1 to 8, comprising the steps of

- providing unidirectional vectors for HA, NA, PA, PBl and PB2;

- providing a bidirectional wvector for NP,

- providing either a unidirectional or bidirectional vector for
M,

- expressing the vectors in a recombinant cell system to obtain

VLPs according to any one of embodiments 1 to 8.

13. Method according to embodiment 12, further comprising the
steps of filling the VLPs into a final container and finishing the
VLPs to a pharmaceutical composition ready for use for administra-

tion to human individuals.

14. Method according to embodiment 12 or 13, wherein the vectors
are expressed in Madin-Darby Canine Kidney (MDCK) cells, African
green monkey kidney cells (Vero) cells, 293 cells, 293T cells,
porcine kidney (PK) cells, owl monkey kidney (OMK) cells, Madin-
Darby bovine kidney (MDBK) cells, chicken embryo kidney (CEK)
cells, chicken embryo fibroblasts, primary chick kidney cells, or
cells isolated from the choricallantoic membrane of embryonated
chicken eggs, preferably in MDCK cells or Vero cells, especially
in MDCK cells.
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15. VLPs according to any one of embodiments 1 to 8, for medical

use, preferably for preventing pathogen-caused diseases, espe-

cially for preventing influenza.
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Claims

1. Vaccine comprising influenza virus-like particles (VLPs), and
a pharmaceutically acceptable excipient, wherein the VLPs com-
prise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least one of PB1, PB2, and NS2.

2. Vaccine according to claim 1, wherein the VLPs further com-

prise a matrix protein (M) ribonucleoprotein complex.

3. Vaccine according to claim 1 or 2, wherein the HA protein is

selected from the group of seasonal, non-pandemic HA proteins.

4, Vaccine according to any one of claims 1 to 3, wherein the NA
protein is selected from the group of seasonal, non-pandemic NA

proteins.

5. Vaccine according to any one of claims 1 to 4, wherein the
VLPs further comprise a genetically modified M ribonucleoprotein
complex, preferably wherein the M ribonucleoprotein complex con-
tains viral RNA encoding an antigen of a non-influenza virus path-
ogen, an oncodgene or a malignant tissue protein, especially wherein
the M ribonucleoprotein complex contains viral RNA encoding a fu-
sion protein containing an M protein and a protein or antigenic

protein fragment of a non-influenza virus pathogen.

6. Vaccine according to claim 5, wherein the non-influenza virus
pathogen is selected from a non-influenza virus, a gram-positive
or gram-negative bacterium, a fungus, a protozoan, or a prion,
preferably a non-influenza RNA virus, a DNA virus, or a retrovirus,
especially wherein the virus is SARS-COV-1, SARS-COV-2, or Dengue

virus.

7. Vaccine according to any one of claims 1 to 6, wherein the
VLPs comprise:

- HA protein and NA protein on the surface of the VLPs,
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- an NP ribonucleoprotein complex, and, preferably an M ribo-
nucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least two of PBR1, PB2, NS1 and NS2; preferably wherein the VLPs do
not contain a ribonucleoprotein complex of at least three of PRI,
PR2, NS1 and NS2; even more preferred wherein the VLPs do not
contain a ribonucleoprotein complex of NS1; especially wherein the
VLPs do not contain a ribonucleoprotein complex of PB1, PB2, NSI
and NS2.

8. Vaccine according to any one of claims 1 to 7, triggering
inflammatory cell death (necroptosis) upon entry of the VLPs into

a cell.

9. Vaccine according to any one of claims 1 to 8, wherein the

vaccine 1is an intranasal vaccine, preferably an aerosol or nasal

spray.

10. Influenza virus-like particles (VLPs), wherein the VLPs com-
prise:

- hemagglutinin (HA) protein and neuraminidase (NA) protein on
the surface of the VLPs,

- a nucleoprotein (NP) ribonucleoprotein complex,

- a matrix protein (M) ribonucleoprotein complex,

wherein the VLPs do not contain a ribonucleoprotein complex of at
least PB1, PB2, and NS.

11. VLPs according to claim 10, further comprising a genetically
modified M ribonucleoprotein complex, preferably wherein the M
ribonucleoprotein complex contains viral RNA encoding an antigen
of a non-influenza virus pathogen, an oncogene or a malignant
tissue protein, especially wherein the M ribonucleoprotein complex
contains viral RNA encoding a fusion protein containing an M pro-
tein and a protein or antigenic protein fragment of a non-influenza

virus pathogen.

12. VLPs according to claim 11, wherein the non-influenza virus
pathogen is selected from a non-influenza virus, a gram-positive
or gram-negative bacterium, a fungus, a protozoan, or a prion,

preferably a non-influenza RNA virus, a DNA virus, or a retrovirus,
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especially wherein the virus is SARS-COV-1, SARS-COV-2, or Dengue

virus.

13. Pharmaceutical composition comprising the wvaccine according
to any one of claims 1 to 9 or the VLPs according to any one of
claims 10 to 12.

14. Method for producing the vaccine according to any one of

claims 1 to 9 or the VLPs according to any one of claims 10 to 12,

comprising the steps of

- providing unidirectional vectors for HA, NA, PA, PBl and PB2;

- providing a bidirectional wvector for NP,

- providing either a unidirectional or bidirectional vector for
M,

- expressing the vectors in a recombinant cell system so as to
obtain VLPs according to any one of claims 10 to 12 and/or

VLPs as defined in any one of claims 1 to 9.

15. Method according to claim 14, further comprising the steps of
filling the VLPs into a final container and finishing the VLPs to
a pharmaceutical composition ready for use for administration to

human individuals.

16. Method according to claim 14 or 15, wherein the vectors are
expressed in Madin-Darby Canine Kidney (MDCK) cells, African green
monkey kidney cells (Vero) cells, 293 cells, 293T cells, porcine
kidney (PK) cells, owl monkey kidney (OMK) cells, Madin-Darby bo-
vine kidney (MDBK) cells, chicken embryo kidney (CEK) cells,
chicken embryo fibroblasts, primary chick kidney cells, or cells
isolated from the choriocallantoic membrane of embryonated chicken
eggs, preferably in MDCK cells or Vero cells, especially in MDCK

cells.

17. VLPs as defined in any one of claims 1 to 10, for medical
use, preferably for preventing pathogen-caused diseases, espe-

cially for preventing influenza.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/055928

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7K14/005
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co7K CI12N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y examples 3,4
paragraphs [0040] - [0041],
[0100]

_/__

X US 2017/058265 Al (KAWAOKA YOSHIHIRO [US] 1-4,
ET AL) 2 March 2017 (2017-03-02)

7-10,
13-17
5,6,11,

[0070] - 12

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 May 2021

Date of mailing of the international search report

14/06/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mauhin, Viviane
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WATANABE TOKIKO ET AL: "Immunogenicity 1-4,
and protective efficacy of 7-10

replication-incompetent influenza 13-1

virus-1like particles",

JOURNAL OF VIROLOGY, THE AMERICAN SOCIETY

FOR MICROBIOLOGY, US,

vol. 76, no. 2,

1 January 2002 (2002-01-01), pages

767-773, XP009096900,

ISSN: 0022-538X, DOI:

10.1128/JV1.76.2.767-773.2002

Y the whole document 5,6,11,

figures 1,3 12

page 770, right column - page 771, left

column

7

Y US 9 150 620 B2 (NAT UNIV TSING HUA [TW]) 5,6,11,
6 October 2015 (2015-10-06) 12
column 14, Tine 17 - column 16, line 7
Y LIU WEN-CHUN ET AL: "Multi-subtype 5,6,11,
influenza virus-like particles 12
incorporated with flagellin and
granulocyte-macrophage colony-stimulating
factor for vaccine design",

ANTIVIRAL RESEARCH, ELSEVIER BV, NL,

vol. 133, 1 August 2016 (2016-08-01),
pages 110-118, XP029727981,

ISSN: 0166-3542, DOI:
10.1016/J.ANTIVIRAL.2016.07.021

the whole document

Y US 2015/273048 Al (KANG SANG-MOO [US] ET 5,6,11,
AL) 1 October 2015 (2015-10-01) 12
examples 1-4,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Farm POT/AKA210 fanntinniatinn rf firet ehaat (1N . lanniarns 201R)
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Information on patent family members

International application No
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Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017058265 Al 02-03-2017 EP 3341018 Al 04-07-2018
JP 2018530314 A 18-10-2018
JP 2020114250 A 30-07-2020
US 2017058265 Al 02-03-2017
US 2020263142 Al 20-08-2020
WO 2017040203 Al 09-03-2017
US 9150620 B2 06-10-2015  NONE
US 2015273048 Al 01-10-2015 EP 2914283 Al 09-09-2015
HK 1208355 Al 04-03-2016
US 2015273048 Al 01-10-2015
US 2019134185 Al 09-05-2019
WO 2014070848 Al 08-05-2014
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