
REPLICATION-DEFECTIVE FLAVIVIRUS VACCINES AND VACCINE VECTORS  5 Field of the
Invention        This invention relates to replication-defective flavivirus vaccines and vaccine vectors,
and corresponding compositions and methods. 10Background of the Invention       Flaviviruses are
distributed worldwide and represent a global public health problem. Flaviviruses also have a significant
impact as veterinary pathogens. Flavivirus pathogens include yellow fever (YF), dengue types 1-4
(DEN1-4), Japanese encephalitis 15(JE), West Nile (WN), tick-borne encephalitis (TBE), and other
viruses from the TBE serocomplex, such as Kyasanur Forest disease (KFD) and Omsk hemorrhagic
fever (OHF) viruses. Vaccines against YF [live attenuated vaccine (LAV) strain 17D], JE [inactivated
vaccines (INV) and LAV], and TBE (INV) are available. No licensed human vaccines are currently
available against DEN and WN. Veterinary vaccines have been in 20use including, for example,
vaccines against WN in horses (INV, recombinant and live chimeric vaccines), JE (INV and LAV) to
prevent encephalitis in horses and stillbirth in pigs in Asia, louping ill flavivirus (INV) to prevent
neurologic disease in sheep in the UK, and TBE (INV) used in farm animals in Czech Republic (INV)
(Monath and Heinz, Flaviviruses, in Fields et al. Eds., Fields Virology, 3rd Edition, Philadelphia, New
York, 25Lippincott-Raven Publishers, 1996, pp. 961-1034).       Tick-borne encephalitis (TBE) is the
most important tick-borne viral disease of humans. It is endemic in parts of Europe and Northern Asia,
causing more than 10,000 hospitalizations annually, with a case-fatality rate 0.5-1.5% in Europe and
6-40% in Siberia and the Far East. A significant proportion of patients suffer from long-lasting
30neuropsychiatric sequelae. Inactivated vaccines produced in chick embryo cell cultures have proven
effective in preventing the disease. For example, an 86% vaccination coverage of the Austrian
population (the highest among European countries) has resulted  in an approximately 90% reduction
of hospitalized cases (Heinz and Kunz, Arch. Virol. Suppl. 18:201-205, 2004). The inactivated
vaccines are expensive and require three inoculations for primary immunization. Periodic boosters
(every 2-5 years) are required to maintain immunity. Therefore, a less costly TBE vaccine, which is
effective after one-  5 two doses and provides durable, such as life-long immunity (similar to that
achieved by YF 17D immunization) is needed, and indeed has been identified by the WHO as a major
priority. Development of TBE LAV candidates in the past several decades by means of empirical or
rational attenuation of TBE virus parent per se or chimerization of TBE or Langat (LGT, a naturally
attenuated flavivirus that is closely related (serologically) to 10TBE) viruses with dengue 4 virus has
faced difficulties due to problems with residual virulence of candidates and/or low
immunogenicity/overattenuation (Wright et al., Vaccine 26:882-890, 2008; Maximova et al., J. Virol.
82:5255-5268, 2008; Rumyantsev et al., Vaccine 24:133-143, 2006; Kofler etal., Arch. Virol. Suppl.
18:191-200, 2004; and references therein). 15Flaviviruses are small, enveloped, plus-strand RNA
viruses transmitted primarily by arthropod vectors (mosquitoes or ticks) to natural hosts, which are
primarily vertebrate animals, such as various mammals, including humans, and birds. The flavivirus
genomic RNA molecule is about 11,000 nucleotides (nt) in length and encompasses a long open
reading frame (ORF) flanked by 5' and 3' untranslated terminal regions (UTRs) of about 20120 and
500 nucleotides in length, respectively. The ORF encodes a polyprotein precursor that is cleaved co-
and post-translationally to generate individual viral proteins. The proteins are encoded in the order:
C-prM/M-E-NSI-NS2A/2B-NS3-NS4A/4B-NS5, where C (core/capsid), prM/M
(pre-membrane/membrane), and E (envelope) are the structural proteins, i.e., the components of viral
particles, and the NS proteins are non- 25structural proteins, which are involved in intracellular virus
replication. Flavivirus replication occurs in the cytoplasm. Upon infection of cells and translation of
genomic RNA, processing of the polyprotein starts with translocation of the prM portion of the
polyprotein into the lumen of endoplasmic reticulum (ER) of infected cells, followed by translocation of
E and NSI portions, as directed by the hydrophobic signals for the prM, 



30E, and NS I proteins. Amino-termini of prM, E, and NS I proteins are generated by  cleavage with
cellular signalase, which is located on the luminal side of the ER membrane, and the resulting
individual proteins remain carboxy-terminally anchored in the membrane. Most of the remaining
cleavages, in the nonstructural region, are carried out by the viral NS2B/NS3 serine protease. The viral
protease is also responsible for 5generating the C-terminus of the mature C protein found in progeny
virions. Newly synthesized genomic RNA molecules and the C protein form a dense spherical
nucleocapsid, which becomes surrounded by cellular membrane in which the E and prM proteins are
embedded. The mature M protein is produced by cleavage of prM shortly prior to virus release by
cellular furin or a similar protease. E, the major protein of the 10envelope, is the principal target for
neutralizing antibodies, the main correlate of immunity against flavivirus infection. Virus-specific
cytotoxic T-lymphocyte (CTL) response is the other key attribute of immunity. Multiple CD8+ and CD4+
CTL epitopes have been characterized in various flavivirus structural and non-structural proteins. In
addition, innate immune responses contribute to both virus clearance and regulating the 15
development of adaptive immune responses and immunologic memory.       In addition to the
inactivated (INV) and live-attenuated (LAV) vaccines against flaviviruses discussed above, other
vaccine platforms have been developed. One example is based on chimeric flaviviruses that include
yellow fever virus capsid and non-structural sequences and prM-E proteins from other flaviviruses, to
which immunity is sought. This 20 technology has been used to develop vaccine candidates against
dengue (DEN), Japanese encephalitis (JE), West Nile (WN), and St. Louis encephalitis (SLE) viruses
(see, e.g., U.S. Patent Nos. 6,962,708 and 6,696,281). Yellow fever virus-based chimeric flaviviruses
have yielded highly promising results in clinical trials. Another flavivirus vaccine platform is based on
the use of pseudoinfectious 25virus (PIV) technology (Mason et al., Virology 351:432-443, 2006;
Shustov et al., J. Virol. 21:11737-11748,2007; Widman et al., Adv. Virus. Res. 72:77-126, 2008;
Suzuki et al., J. Virol. 82:6942-6951, 2008; Suzuki et al., J. Virol. 83:1870-1880, 2009; 1shikawa et al.,
Vaccine 26:2772-2781, 2008; Widman et al., Vaccine 26:2762-2771, 2008). PlVs are
replication-defective viruses attenuated by a deletion(s). Unlike live flavivirus 30vaccines, they undergo
a single round replication in vivo (or optionally limited rounds, for  two-component constructs; see
below), which may provide benefits with respect to safety. PIVs also do not induce viremia and
systemic infection. Further, unlike inactivated vaccines, PIVs mimic whole virus infection, which can
result in increased efficacy due to the induction of robust B- and T-cell responses, higher durability of
immunity, and 5decreased dose requirements. Similar to whole viruses, Ply vaccines target antigen-
presenting cells, such as dendritic cells, stimulate toll-like receptors (TLRs), and induce balanced
Thl/Th2 immunity. In addition, Ply constructs have been shown to grow to high titers in substrate cells,
with little or no cytopathic effect (CPE), allowing for high-yield manufacture, optionally employing
multiple harvests and/or expansion of infected 10substrate cells.       The principles of the PIV
technology are illustrated in Figs. 1 and 2. There are two variations of the technology. In the first
variation, a single-component pseudoinfectious virus (s-PIV) is constructed with a large deletion in the
capsid protein (C), rendering mutant virus unable to form infectious viral particles in normal cells (Fig.
15I). The deletion does not remove the first -20 codons of the C protein, which contain an RNA
cyclization sequence, and a similar number of codons at the end of C, which encode a viral protease
cleavage site and the signal peptide for prM. The s-PIV can be propagated, e.g., during manufacture,
in substrate (helper) cell cultures in which the C protein is supplied in trans, e.g., in stably transfected
cells producing the C protein (or a 20larger helper cassette including C protein), or in cells containing
an alphavirus replicon [e.g., a Venezuelan equine encephalitis virus (VEE) replicon] expressing the C
protein or another intracellular expression vector expressing the C protein. Following inoculation in
vivo, e.g., after immunization, the PIV undergoes a single round of replication in infected cells in the
absence of trans-complementation of the deletion, without spread to 25surrounding cells. The infected
cells produce empty virus-like particles (VLPs), which are the product of the prM-E genes in the Ply,
resulting in the induction of neutralizing antibody response. A T-cell response should also be induced
via MHCI presentation of viral epitopes. This approach has been applied to YF 17D virus and WN
viruses and WN/JE and WN/DEN2 chimeric viruses (Mason et al., Virology 351:432-443, 2006; 



30  Suzuki et al., J. Virol. 83:1870-1880, 2009; Ishikawa et al., Vaccine 26:2772-2781, 2008; Widman
et al., Vaccine 26:2762-2771, 2008; WO 2007/098267; WO 2008/137163).        In the second
variation, a two-component PIV (d-P1V) is constructed (Fig. 2). Substrate cells are transfected with
two defective viral RNAs, one with a deletion in the C 5gene and another lacking the prM-E envelope
protein genes. The two defective genomes complement each other, resulting in accumulation of two
types of PlVs in the cell culture medium (Shustov et al., J. Virol. 21:11737-11748, 2007; Suzuki et al.,
J. Virol. 82:6942- 6951, 2008). Optionally, the two PIVs can be manufactured separately in appropriate
helper cell lines and then mixed in a two-component formulation. The latter may offer an 10advantage
of adjusting relative concentrations of the two components, increasing immunogenicity and efficacy.
This type of P1V vaccine should be able to undergo a limited spread in vivo due to coinfection of some
cells at the site of inoculation with both components. The spread is expected to be self-limiting as there
are more cells in tissues than viral particles produced by initially coinfected cells. In addition, a
relatively high 15MO1 is necessary for efficient co-infection, and cells outside of the inoculation site
are not expected to be efficiently coinfected (e.g., in draining lymph nodes). Cells infected with the AC
PIV alone produce the highly immunogenic VLPs. Coinfected cells produce the two types of packaged
defective viral particles, which also stimulate neutralizing antibodies. The limited infection is expected
to result in a stronger neutralizing antibody 20 response and T-cell response compared to s-PIVs. To
decrease chances of recombination during manufacture or in vivo, including with circulating
flaviviruses, viral sequences can be modified in both s-PIVs and d-PIVs using, e.g., synonymous
codon replacements, to reduce nucleotide sequence homologies, and mutating the complementary
cyclization 5' and 3' elements. 25 Summary of the Invention  The invention provides
replication-deficient or defective pseudoinfectious flaviviruses including a flavivirus genome that
includes (i) one or more deletions or mutations in nucleotide sequences encoding one or more proteins
selected from the group 30consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural
protein 1  (NS1), non-structural protein 3 (NS3), and non-structural protein 5 (NS5), and (ii) sequences
encoding one or more heterologous pathogen, cancer, or allergy-related immunogens. For example,
the deletion/mutation can be within capsid (C) sequences; pre-membrane (prM) and/or envelope (E)
sequences; capsid (C), pre-membrane (prM), 5and envelope (E) sequences; or non-structural protein
1 (NS1) sequences. The heterologous immunogen can be, for example, from a pathogen selected
from the group consisting of a rabies virus (e.g., a rabies virus G protein epitope), Borrelia burgdorferi
(e.g., OspA immunogen or an immunogenic fragment thereof), a tick (e.g., a tick saliva protein
selected from the group consisting of 64TRP, Isac, and Salp20, or an 10immunogenic fragment
thereof), an influenza virus (e.g., an influenza virus M2, hemaglutinnin (HA), or neuraminidase (NA)
epitope, or an immunogenic fragment thereof), a human immunodeficiency virus (e.g., a
codon-optimized HIV gag, taUnef, or gp120 protein, or an immunogenic fragment thereof), a simian
immunodeficiency virus, a human papilloma virus (e.g., an HPVI6 or HPV18 capsid protein Ll or L2, or
an 15immunogenic fragment thereof), a respiratory syncytial virus (e.g., a respiratory syncytial virus F
or G glycoprotein), malaria parasite, and Mycobacterium tuberculosis (also see below).         The
replication-deficient pseudoinfectious flaviviruses can include sequences encoding a pre-membrane
(prM) and/or envelope (E) protein. Further, the replication- 



20deficient pseudoinfectious flavivirus genomes can be selected from those of yellow fever virus, West
Nile virus, tick-borne encephalitis virus, Langat virus, Japanese encephalitis virus, dengue virus, and
St. Louis encephalitis virus, attenuated strains thereof, and chimeras thereof (also see below). In
various examples, the chimeras include pre- membrane (prM) and envelope (E) sequences of a first
flavivirus (e.g., a tick-borne 25encephalitis virus or a Langat virus), and capsid (C) and non-structural
sequences of a second, different flavivirus (e.g., a yellow fever, a West Nile, or Langat virus).         The
replication-deficient pseudoinfectious flavivirus genomes can be packaged in particles including
pre-membrane (prM) and envelope (E) sequences from a flavivirus that is the same or different from
that of the genomes. Further, the sequences encoding 30  the heterologous immunogens can be
inserted in the place of, or in combination with, the deletion(s) or mutation(s) of the one or more
proteins. The sequences encoding the heterologous immunogens can be inserted in the flavivirus
genomes within sequences encoding the envelope (E) protein, within sequences 5encoding the
non-structural 1 (NS I) protein, within sequences encoding the pre- membrane (prM) protein,
intergenically between sequences encoding the envelope (E) protein and non-structural protein 1 (NS
I), intergenically between non-structural protein 2B (NS2B) and non-structural protein 3 (NS3), and/or
as a bicistronic insertion in the 3' untranslated region of the flavivirus genome. 10The invention also
includes compositions including a first replication-deficient pseudoinfectious flavivirus, as described
above, and a second (or further), different replication-deficient pseudoinfectious flavivirus including a
genome that includes one or more deletions or mutations in nucleotide sequences encoding one or
more proteins selected from the group consisting of capsid (C), pre-membrane (prM), envelope (E),
15non-structural protein I (NS1), non-structural protein 3 (NS3), and non-structural protein 5 (NS5). In
these compositions, the one or more proteins encoded by the sequences in which the deletion(s) or
mutation(s) occur in the second, different replication-deficient pseudoinfectious flavivirus are different
from the one or more proteins encoded by the sequences in which the deletion(s) occur in the first
replication-deficient pseudoinfectious 20flavivirus.       The invention further includes methods of
inducing immune responses to an immunogen in a subject, which involves administering to the subject
one or more replication-deficient pseudoinfectious flavivirus and/or composition as described herein to
the subject. In various examples, the subject is at risk of but does not have an infection 25by the
pathogen or a disease or condition associated with the cancer or allergy-related immunogen. In other
examples, the subject has an infection by the pathogen or a disease or condition associated with the
cancer or allergy-related immunogen. The invention thus includes prophylactic and therapeutic
methods. In these methods, the immunogen can be from, for example, a pathogen selected from the
group consisting of a rabies virus, 30Borrelia burgdorferi, a tick, an influenza virus, a human
immunodeficiency virus, a  simian immunodeficiency virus, a human papilloma virus, a respiratory
syncytial virus, malaria parasite, and Mycobacterium tuberculosis (also see below). Further, the
methods can be for inducing an immune response against a protein encoded by the flavivirus genome,
in addition to the source of the immunogen. In various examples, the subject is 5at risk of but does not
have an infection by the flavivirus corresponding to the genome of the pseudoinfectious flavivirus,
which includes sequences encoding a flavivirus pre-membrane and/or envelope protein. In other
examples, the subject has an infection by the flavivirus corresponding to the genome of the
pseudoinfectious flavivirus, which includes sequences encoding a flavivirus pre-membrane and/or
envelope protein. 



10The invention also includes live, attenuated chimeric flaviviruses including a yellow fever virus in
which sequences encoding pre-membrane and envelope proteins are replaced with sequences
encoding pre-membrane and envelope proteins of a tick-borne encephalitis virus or a Langat virus,
and the signal sequence between the capsid and pre-membrane proteins of the chimeric flavivirus
includes a hybrid of yellow fever virus and 15tick-borne encephalitis or Langat virus
capsid/pre-membrane signal sequences, or a variant thereof. In various examples, the
capsid/pre-membrane signal sequence of the chimeric flavivirus includes yellow fever virus sequences
in the amino terminal region and tick-borne encephalitis or Langat virus sequences in the carboxy
terminal region (see below). 20Further, the invention includes live, attenuated chimeric flaviviruses
including a West Nile virus in which sequences encoding pre-membrane and envelope proteins are
replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne encephalitis
or a Langat virus, and the signal sequence between the capsid and pre-membrane proteins of the
chimeric flavivirus includes a tick-borne encephalitis or a 25Langat virus capsid/pre-membrane signal
sequence, or a variant thereof The invention also includes pharmaceutical compositions including one
or more pseudoinfectious flavivirus, composition, or live, attenuated flavivirus as described herein, and
a pharmaceutically acceptable carrier or diluent. Further, the compositions can include an adjuvant. 30
Also included in the invention are replication-deficient pseudoinfectious flaviviruses including a
flavivirus genome including one or more deletion(s) or mutation(s) in nucleotide sequences encoding
non-structural protein I (NS1), nonstructural protein 3 (NS3), or non-structural protein 5 (NS5).
5Further, the invention includes nucleic acid molecules corresponding to the genome of a
pseudoinfectious flavivirus, or the genome the live, attenuated flavivirus, as described herein, and
complements thereof The invention also provides methods of making replication-deficient
pseudoinfectious flaviviruses as described herein, involving introducing one or more i 0nucleic acid
molecules, as described above, into a cell that expresses the protein(s) corresponding to any
sequences deleted from the flavivirus genome of the replication-deficient pseudoinfectious flaviviruses.
In these methods, the protein can be expressed in the cell from the genome of a second (or further),
different, replication-deficient pseudoinfectious flavivirus. In other examples, the protein is expressed
from a replicon 15(e.g., an alphavirus replicon, such as a Venezuelan Equine Encephalitis virus
replicon; see below).       The invention also includes compositions containing two or more
replication-deficient pseudoinfectious flaviviruses, in which two of the replication-deficient
pseudoinfectious flaviviruses are selected from the groups consisting of: (a) a replication- 20deficient
pseudoinfectious flavivirus including a genome containing Japanese encephalitis virus sequences, and
a replication-deficient pseudoinfectious flavivirus including a genome containing dengue virus
sequences; (b) a replication-deficient pseudoinfectious flavivirus including a genome containing yellow
fever virus sequences, and a replication-deficient pseudoinfectious flavivirus including a genome
containing dengue virus 25sequences; and (c) a replication-deficient pseudoinfectious flavivirus
including a genome containing tick-borne encephalitis or Langat virus sequences and an inserted
sequence encoding a Borrelia burgthaferi immunogen, and a replication-deficient pseudoinfectious
flavivirus including a genome containing tick-borne encephalitis or Langat virus sequences and an
inserted sequence encoding a tick saliva protein immunogen, or a 30replication-deficient
pseudoinfectious flavivirus including a genome containing  



tick-borne encephalitis or Langat virus sequences and inserted sequences encoding a Borrelia
burgdorferi immunogen and a tick saliva protein immunogen. Pharmaceutical compositions including
the live, attenuated chimeric flaviviruses described herein are also included in the invention. Further,
the invention includes 5methods of inducing an immune response to tick-borne encephalitis virus or
Langat virus in a subject, involving administering to the subject such a pharmaceutical composition. In
various examples, the subject does not have but is at risk of developing infection by tick-borne
encephalitis virus or Langat virus. In other examples, the subject is infected with tick-borne
encephalitis virus or Langat virus. toThe invention further includes replication-deficient
pseudoinfectious flaviviruses including a flavivirus genome including one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1), non-structural protein
3 (NS3), and non-structural protein 5 (NS5), wherein the flavivirus genome 15includes yellow fever
virus sequences in which sequences encoding pre-membrane and envelope proteins are replaced with
sequences encoding pre-membrane and envelope proteins of a tick-borne encephalitis virus or a
Langat virus, and sequences encoding the signal sequence between the capsid and pre-membrane
proteins of the flavivirus genome include a hybrid of sequences encoding yellow fever virus and
tick-borne encephalitis or 20Langat virus capsid/pre-membrane signal sequences, or a variant thereof.
In various examples, the sequences encoding the capsid/pre-membrane signal sequence of the
flavivirus genome include yellow fever virus sequences in the 5' region and tick-borne encephalitis or
Langat virus sequences in the 3' region. Further, the invention includes replication-deficient
pseudoinfectious flaviviruses 25including a flavivirus genome including one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS I), non-structural protein
3 (NS3), and non-structural protein 5 (NS5), wherein the flavivirus genome includes West Nile virus
sequences in which sequences encoding pre-membrane and 30 envelope proteins are replaced with
sequences encoding pre-membrane and envelope  proteins of a tick-borne encephalitis or a Langat
virus, and the sequences encoding the signal sequence between the capsid and pre-membrane
proteins of the flavivirus genome include sequences encoding a tick-borne encephalitis or a Langat
virus capsid/premembrane signal sequence, or a variant thereof 5In addition, the invention includes
replication-deficient pseudoinfectious flaviviruses including a flavivirus genome including one or more
deletions or mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein I (NS I),
nonstructural protein 3 (NS3), and non-structural protein 5 (NS5), wherein any capsid (C) 10and
non-structural (NS) proteins in the flavivirus genome are from Langat virus and any pre-membrane
(prM) and envelope (E) proteins are from a tick-borne encephalitis virus. By "replication-deficient
pseudoinfectious flavivirus" or "Ply" is meant a flavivirus that is replication-deficient due to a deletion or
mutation in the flavivirus genome. The deletion or mutation can be, for example, a deletion of a large
sequence, 15such as most of the capsid protein, as described herein (with the cyclization sequence
remaining; see below). In other examples, sequences encoding different proteins (e.g., prM, E, NS I,
NS3, and/or NS5; see below) or combinations of proteins (e.g., prM-E or C-prM-E) are deleted. This
type of deletion may be advantageous if the PIV is to be used a vector to deliver a heterologous
immunogen, as the deletion can permit insertion of 20sequences that may be, for example, at least up
to the size of the deleted sequence. In other examples, the mutation can be, for example, a point
mutation, provided that it results in replication deficiency, as discussed above. Because of the deletion
or mutation, the genome does not encode all proteins necessary to produce a full flavivirus particle. 



The missing sequences can be provided in trans by a complementing cell line that is 25 engineered to
express the missing sequence (e.g., by use of a replicon; s-PIV; see below), or by co-expression of
two replication-deficient genomes in the same cell, where the two replication-deficient genomes, when
considered together, encode all proteins necessary for production (d-PIV system; see below).
Upon introduction into cells that do not express complementing proteins, the 30genomes replicate and,
in some instances, generate "virus-like particles," which are  released from the cells and are able to
leave the cells and be immunogenic, but cannot infect other cells and lead to the generation of further
particles. For example, in the case of a P1V including a deletion in capsid protein encoding
sequences, after infection of cells that do not express capsid, VLPs including prM-E proteins are
released from the cells. 5 Because of the lack of capsid protein, the VLPs lack capsid and a nucleic
acid genome. In the case of the d-PIV approach, production of further PIVs is possible in cells that are
infected with two PlVs that complement each other with respect to the production of all required
proteins (see below). The invention provides several advantages. For example, the PLY vectors and
10PlVs of the invention are highly attenuated and highly efficacious after one-to-two doses, providing
durable immunity. Further, unlike inactivated vaccines, PlVs mimic whole virus infection, which can
result in increased efficacy due to the induction of robust Band 1-cell responses, higher durability of
immunity, and decreased dose requirements. In addition, similar to whole viruses, NV vaccines target
antigen-presenting cells, such as 15dendritic cells, stimulate toll-like receptors (TLRs), and induce
balanced Thl/Th2 immunity. Ply constructs have also been shown to grow to high titers in substrate
cells, with little or no CPE, allowing for high-yield manufacture, optionally employing multiple harvests
and/or expansion of infected substrate cells. Further, the PTV vectors of the invention provide an
option for developing vaccines against non-flavivirus pathogens for 20which no vaccines are currently
available.          Other features and advantages of the invention will be apparent from the following
detailed description, the drawings, and the claims. Brief Description of the Drawings  25Fig. I is a
schematic illustration of single component P1V (s-PIV) technology.      Fig. 2 is a schematic illustration
of two-component Ply (d-P1V) technology. Fig. 3 is a schematic illustration of a general experimental
design for testing immunogenicity and efficacy of P1 Vs in mice.                Fig. 4 is a graph comparing
the humoral immune response induced by P1V-WN 30 (RV-WN) with that of YF/WN LAV (CV-WN) in
mice. Fig. 5 is a series of graphs showing the results of challenging hamsters immunized with PIV-YF
(RV-YF), YF17D, P1V-WN (RV-WN), and YF/WN LAV (CVWN) with hamster-adapted Asibi (PIV-YF
and YF17D vaccinees) and wild type WN-NY99 (PIV-WN and YF/WN LAV vaccinees). 5Fig. 6 is a
table showing YF/TBE and YF/LGT virus titers and plaque morphology obtained with the indicated
chimeric flaviviruses.         Fig. 7 is a table showing VVN/TBE PIV titers and examples of
immunofluorescence of cells containing the indicated PlVs.          Fig. 8 is a set of graphs showing the
replication kinetics of YF/TBE LAV and 10 P1V-WN/TBE in Vero and BHK cell lines (CV-Hypr =
YF/Hypr LAV; CV-LGT = YF/LGT LAV; RV-WN/TBEV = PIV-WN/TBEV).         Fig. 9 is a series of
graphs showing survival of mice inoculated IC with PIVTBE and YF/TBE LAV constructs in a
neurovirulence test (3.5 week old ICR mice; RVWN/Hypr = PIV-WN/TBE(Hypr); CV-Hypr =
YF/TBE(Hypr) LAV; CV-LGT = YF/LGT 15LAV). Fig. 10 is a graph showing survival of mice inoculated
IP with PIV- WN/TBE(Hypr) (RV-WN/Hypr), YF/TBE(Hypr) LAV (CV-Hypr), and YF/LGT LAV
(CV-LGT) constructs and YF17D in a neuroinvasiveness test (3.5 week old 1CR mice). 



Fig. 11 is a series of graphs illustrating morbidity in mice measured by 20 dynamics of body weight
loss after TBE virus challenge, for groups immunized with sP1V-TBE candidates (upper left panel),
YF/TBE and YF/LGT chimeric viruses (upper right panel), and controls (YF 17D, human killed TBE
vaccine, and mock; bottom panel).         Fig. 12 is a schematic representation of Ply constructs
expressing rabies virus G protein, as well as illustration of packaging of the constructs to make
pseudoinfectious 25virus and immunization.         Fig. 13 is a schematic representation of insertion
designs resulting in viable/expressing constructs (exemplified by rabies G).           Fig. 14 is series of
images showing immunofluorescence analysis and graphs showing growth curves of cells transfected
with the indicated PIV-WN constructs (AC-30 Rabies G, APrM-E-Rabies G, and AC-PrM-E-Rabies G).
Fig. 15 is a series of images showing immunofluorescence analysis of RabG expressed on the plasma
membranes of Vero cells transfected with the indicated PIV constructs (AC-Rabies G, APrM-E-Rabies
G, and AC-PrM-E-Rabies G). Fig. 16 is a schematic illustration of a PIV-WN-rabies G construct and a
series 5of images showing that this construct spreads in helper cells, but not in nave cells. Fig. 17 is a
series of graphs showing stability of the rabies G protein gene in PIV-WN vectors.         Fig. 18 is a set
of images showing a comparison of spread of single-component vs. two-component P1V-WN-rabies G
variants in Vero cells. 10Fig. 19 is a set of immunofluorescence images showing expression of full-
length RSV F protein (strain A2) by the AprM-E component of d-P1V-WN in helper cells after
transfection. Detailed Description of the Invention  15       The invention provides replication-defective
or deficient pseudoinfectious virus (PIV) vectors including flavivirus sequences, which can be used in
methods for inducing immunity against heterologous pathogen, cancer, and allergy-related
immunogens inserted into the vectors as well as, optionally, the vectors themselves. The invention
also 20includes compositions including combinations of PIVs and/or Ply vectors, as described herein,
and methods of using such compositions to induce immune responses against inserted immunogen
sequences and/or sequences of the PlVs themselves. Further, the invention includes particular PlVs
and live, attenuated chimeric flaviviruses including tick-borne encephalitis virus sequences, and
related vectors, compositions, and methods 25of use. The PIV vectors, PlVs, live attenuated chimeric
flaviviruses, compositions, and methods of the invention are described further below. NV Vectors and
PlVs          The NV vectors and PlVs of the invention can be based on the single- or two-30 component
PlVs described above (also see WO 2007/098267 and WO 2008/137163). Thus, for example, in the
case of single component PlVs, the PIV vectors and PlVs can  include a genome including a large
deletion in capsid protein encoding sequences and be produced in a complementing cell line that
produces capsid protein in trans (single component; Fig. 1 and Fig. 12). According to this approach,
most of the capsid-encoding region is deleted, which prevents the PIV genome from producing
infectious progeny in 5normal cell lines (i.e., cell lines not expressing capsid sequences) and
vaccinated subjects. The capsid deletion typically does not disrupt RNA sequences required for
genome cyclization (i.e., the sequence encoding amino acids in the region of positions 1-26), and/or
the prM sequence required for maturation of prM to M. In specific examples, the deleted sequences
correspond to those encoding amino acids 26-100, 26-93, 31-100, or 



1031-93 of the C protein.       Single component NV vectors and PlVs can be propagated in cell lines
that express either C or a C-prM-E cassette, where they replicate to high levels. Exemplary cell lines
that can be used for expression of single component NV vectors and PlVs include BHK-21 (e.g., ATCC
CCL-10), Vero (e.g., ATCC CCL-81), C7/10, and other 15cells of vertebrate or mosquito origin. The C
or C-prM-E cassette can be expressed in such cells by use of a viral vector-derived replicon, such as
an alphavirus replicon (e.g., a replicon based on Venezuelan Equine Encephalitis virus (VEEV),
Sindbis virus, Semliki Forest virus (SFV), Eastern Equine Encephalitis virus (EEEV), Western Equine
Encephalitis virus (WEEV), or Ross River virus). To decrease the possibility of 20 productive
recombination between the PIV vectors/PIVs and complementing sequences, the sequences in the
replicons (encoding C, prM, and/or E) can include nucleotide mutations. For example, sequences
encoding a complementing C protein can include an unnatural cyclization sequence. The mutations
can result from codon optimization, which can provide an additional benefit with respect to NV yield.
Further, in the case of 25complementing cells expressing C protein sequences (and not a C-prM-E
cassette), it may be beneficial to include an anchoring sequence at the carboxy terminus of the C
protein including, for example, about 20 amino acids of prM (see, e.g., WO 2007/098267). The NV
vectors and PlVs of the invention can also be based on the two- component genome technology
described above. This technology employs two partial 30genome constructs, each of which is deficient
in expression of at least one protein  required for productive replication (capsid or prM/E) but, when
present in the same cell, result in the production of all components necessary to make a PIV. Thus, in
one example of the two-component genome technology, the first component includes a large deletion
of C, as described above in reference to single component PIVs, and the second 5component includes
a deletion of prM and E (Fig. 2 and Fig. 12). In another example, the first component includes a
deletion of C, prM, and E, and the second component includes a deletion of NS I (Fig. 12). Both
components can include cis-acting promoter elements required for RNA replication and a complete set
of non-structural proteins, which form the replicative enzyme complex. Thus, both defective genomes
can include a 5'- 10untranslated region and at least about 60 nucleotides (Element I) of the following,
natural protein-coding sequence, which comprises an amino-terminal fragment of the capsid protein.
This sequence can be followed by a protease cleavage sequence such as, for example, a ubiquitine or
foot-and-mouth disease virus (FAMDV)-specific 2A protease sequence, which can be fused with either
capsid or envelope (prM-E) coding sequences. 15Further, artificial, codon optimized sequences can
be used to exclude the possibility of recombination between the two defective viral genomes, which
could lead to formation of replication-competent viruses (see, e.g., WO 2008/137163). Use of the
two-component genome approach does not require the development of cell lines expressing
complementing genomes, such as the cells transformed with replicons, as discussed 20 above in
reference to the single component PTV approach. Exemplary cell lines that can be used in the
two-component genome approach include Vero (e.g., ATCC CCL-81), BHK-21 (e.g., ATCC CCL-10),
C7/10, and other cells of vertebrate or mosquito origin.       Additional examples of d-PIV approaches
that can be used in the invention are based on use of complementing genomes including deletions in
NS3 or NS5 sequences. 25A deletion in, e.g., NS I, NS3, or NS5 proteins can be used as long as
several hundred amino acids in the ORF, removing the entire chosen protein sequence, or as short as
1 amino acid inactivating protein enzymatic activity (e.g., NS5 RNA polymerase activity, NS3 helicase
activity, etc.). Alternatively, point amino acid changes (as few as I amino acid mutation, or optionally
more mutations) can be introduced into any NS protein, 30inactivating enzymatic activity. In addition,
several ANS deletions can be combined in 



one helper molecule. The same heterologous gene, i.e., expressed by the first d-PIV component, can
be expressed in place or in combination with the NS deletion(s) in the second component, increasing
the amount of expressed immunogen. Notably, the insertion capacity of the helper will increase
proportionally to the size of NS deletion(s). 5Alternatively, a different foreign immunogen(s) can be
inserted in place of deletion(s) of the helper to produce multivalent vaccines.       Further, additional
approaches that can be used in making PIV vectors and PlVs for use in the present invention are
described, for example, in WO 99/28487, WO 03/046189, WO 2004/108936, US 2004/0265338, US
2007/0249032, and U.S. Patent oNo. 7,332,322.       The PIV vectors and PIVs of the invention can be
comprised of sequences from a single flavivirus type (e.g., tick-borne encephalitis (TBE, e.g., strain
Hypr), Langat (LGT), yellow fever (e.g., YF17D), West Nile, Japanese encephalitis, dengue (serotype
1- 4), St. Louis encephalitis, Kunjin, Rocio encephalitis, Ilheus, Central European 15encephalitis,
Siberian encephalitis, Russian Spring-Summer encephalitis, Kyasanur Forest Disease, Omsk
Hemorrhagic fever, Louping ill, Powassan, Negishi, Absettarov, Hansalova, and Apoi viruses), or can
comprise sequences from two or more different flaviviruses. Sequences of some strains of these
viruses are readily available from generally accessible sequence databases; sequences of other
strains can be easily 20 determined by methods well known in the art. In the case of PIV vectors and
PlVs including sequences of more than one flavivirus, the sequences can be those of a chimeric
flavivirus, as described above (also see, e.g., U.S. Patent No. 6,962,708; U.S. Patent No. 6,696,281;
and U.S. Patent No. 6,184,024). In certain examples, the chimeras include pre-membrane and
envelope sequences from one flavivirus (such as a flavivirus to which 25immunity may be desired),
and capsid and non-structural sequences from a second, different flavivirus. In one specific example,
the second flavivirus is a yellow fever virus, such as the vaccine strain YF17D. Other examples include
the YF/TBE, YF/LGT, WN/TBE, and WNILGT chimeras described below. Another example is an
LGT/TBE chimera based on LGT virus backbone containing TBE virus prM-E proteins. A NV 30
vaccine based on this genetic background would have an advantage, because LGT  replicates very
efficiently in vitro and is highly attenuated and immunogenic for humans. Thus, a chimeric LGT/TBE
Ply vaccine is expected to provide a robust specific immune response in humans against TBE,
particularly due to inclusion of TBE prM-E genes. Vectors of the invention can be based on P1V
constructs or live, attenuated 5chimeric flaviviruses as described herein (in particular, YF/TBE,
YF/LGT, WN/TBE, and WN/LGT; see below). Use of PIV constructs as vectors provides particular
advantages in certain circumstances, because these constructs by necessity include large deletions,
which render the constructs more amenable to accommodation of insertions that are at least up to the
size of the deleted sequences, without there being a loss in replication 10efficiency. Thus, P1V vectors
in general can comprise very small insertions (e.g., in the range 6-10, 11-20, 21-100, 101-500, or more
amino acid residues combined with the AC deletion or other deletions), as well as relatively large
insertions or insertions of intermediate size (e.g., in the range 501-1000, 1001-1700, 1701-3000, or
3001-4000 or more residues). In contrast, in certain examples, it may be advantageous to express 15
relatively short sequences in live attenuated viruses, particularly if the insertions are made in the
absence of a corresponding deletion. Additional information concerning insertion sites that can be
used in the invention is provided below. In addition, as discussed further below, expression of
non-flavivirus immunogens in PlVs and chimeric flaviviruses of the invention can result in dual
vaccines that elicit protective immunity against both a 20flavivirus vector virus pathogen and a target
heterologous immunogen (e.g., a pathogen (such as a bacterial, viral, parasite, or fungal pathogen),
cancer, or allergy-related immunogen). As discussed above, the PIV vectors and PlVs of the invention
can comprise sequences of chimeric flaviviruses, for example, chimeric flaviviruses including pre- 



25membrane and envelope sequences of a first flavivirus (e.g., a flavivirus to which immunity is
sought), and capsid and non-structural sequences of a second, different flavivirus, such as a yellow
fever virus (e.g., YF17D; see above and also U.S. Patent No. 6,962,708; U.S. Patent No. 6,696,281;
and U.S. Patent No. 6,184,024). Further, chimeric flaviviruses of the invention, used as a source for
constructing PIVs, or as 30vaccines/vaccine vectors per se, can optionally include one or more
specific attenuating  mutations (e.g., E protein mutations, prM protein mutations, deletions in the C
protein, and/or deletions in the 3'UTR), such as any of those described in WO 2006/116182. For
example, the C protein or 3'UTR deletions can be directly applied to YF/TBE or YF/LGT chimeras.
Similar deletions can be designed and introduced in other chimeric LAV 5 candidates such as based
on LGT/TBE, WN/TBE, and WN/LGT genomes. With respect to E protein mutations, attenuating
mutations similar to those described for YF/WN chimera in WO 2006/116182 can be designed, e.g.,
based on the knowledge of crystal structure of the E protein (Rey etal., Nature 375(6529):29I-298,
1995), and employed. Further, additional examples of attenuating E protein mutations described for
TBE virus 10and other flaviviruses are provided in Table 9. These can be similarly introduced into
chimeric vaccine candidates.       The invention also provides new, particular chimeric flaviviruses,
which can be used as a basis for the design of PTV vectors and PlVs, as live attenuated chimeric
flavivirus vectors, and as vaccines against the source(s) of the pre-membrane and 15envelope
components of the chimeras. These chimeras include tick-borne encephalitis (TBE) virus or related
prM-E sequences. Thus, the chimeras can include prM-E sequences from, for example, the Hypr
strain of TBE or Langat (LGT) virus. Capsid and non-structural proteins of the chimeras can include
those from yellow fever virus (e.g., YF I7D) or West Nile virus (e.g., NY99). 20A central feature of
these exemplary YF/TBE, YFYLGT, WN/TBE, and WN/LGT chimeras is the signal sequence between
the capsid and prM proteins. As is shown in the Examples, below, we have found that, in the case of
YE-based PIV chimeras, it is advantageous to use a signal sequence comprising yellow fever and TBE
sequences (see below). In one example, the signal sequence includes yellow fever sequences in the
25 amino terminal region (e.g., SHDVLTVQFLIL) and TBE sequences in the carboxy terminal region
(e.g., GMLGMTIA), resulting in the sequence SHDVLTVQFLILGMLGMT1A. We have also found that,
in the case of WN-based PIV chimeras, it is advantageous to use a signal sequence comprising TBE
sequences (e.g., GGTDWMSWLLVIGMLGMTIA). The invention thus includes YF/TBE, YF/LGT, 30
WN/TBE, and WN/LGT chimeras, both PIVs and LAVs, which include the above-noted  signal
sequences, or variants thereof having, e.g., 1-8, 2-7, 3-6, or 4-5 amino acid substitutions, deletions, or
insertions, which do not substantially interfere with processing at the signal sequence. In various
examples, the substitutions are "conservative substitutions," which are characterized by replacement
of one amino acid residue with 5 another, biologically similar residue. Examples of conservative
substitutions include the substitution of one hydrophobic residue such as isoleucine, valine, leucine, or
methionine for another, or the substitution of one polar residue for another, such as between arginine
and lysine, between glutamic and aspartic acids, or between glutamine and asparagine and the like.
Additional information concerning these chimeras is provided below, in the 10Examples. Insertion
Sites Sequences encoding immunogens can be inserted at one or more different sites within the
vectors of the invention. Relatively short peptides can be delivered on the 5surface of PIV or LAV
gtycoproteins (e.g., prM, E, and/or NS1 proteins) and/or in the context of other proteins (to induce
predominantly B-cell and 1-cell responses, respectively). Other inserts, including larger portions of
foreign proteins, as well as complete proteins, can be expressed intergenically, at the N- and C-termini
of the polyprotein, or bicistronically (e.g., within the ORF under an IRES or in the 3'UTR under 20 an
IRES; see, e.g., WO 02/102828, WO 2008/036146, WO 2008/094674, WO 2008/100464, WO
2008/115314, and below for further details). In PP.' constructs, there is an additional option of inserting
a foreign amino acid sequence directly in place of introduced deletion(s). Insertions can be made in,
for example, AC, AprM-E, AC-prM-E, ANSI, ANS3, and ANS5. Thus, in one example, in the case of
s-PIVs and the AC 



25component of d-P1Vs, immunogen-encoding sequences can be inserted in place of deleted capsid
sequences. lmmunogen-encoding sequences can also, optionally, be inserted in place of deleted
prM-E sequences in the AprM-E component of d-P1Vs. In another example, the sequences are
inserted in place of or combined with deleted sequences in AC-prM-E constructs. Examples of such
insertions are provided in the Examples section, 30below.           In the case of making insertions into
NV deletions, the insertions can be made with a few (e.g., I, 2, 3, 4, or 5) additional vector-specific
residues at the N- and/or C- termini of the foreign immunogen, if the sequence is simply fused in-frame
(e.g., - 20 first a.a. and a few last residues of the C protein if the sequence replaces the AC deletion),
5or without, if the foreign immunogen is flanked by appropriate elements well known in the field (e.g.,
viral protease cleavage sites; cellular protease cleavage sites, such as signalase, furin, etc.;
autoprotease; termination codon; and/or IRES elements). If a protein is expressed outside of the
continuous viral open reading frame (ORF), e.g., if vector and non-vector sequences are separated by
an internal ribosome 10entry site (IRES), cytoplasmic expression of the product can be achieved or
the product can be directed towards the secretory pathway by using appropriate signal/anchor
segments, as desired. If the protein is expressed within the vector ORF, important considerations
include cleavage of the foreign protein from the nascent polyprotein sequence, and maintaining correct
topology of the foreign protein and all viral proteins (to 15ensure vector viability) relative to the ER
membrane, e.g., translocation of secreted proteins into the ER lumen, or keeping cytoplasmic proteins
or membrane-associated proteins in the cytoplasm/in association with the ER membrane.         In more
detail, the above-described approaches to making insertions can employ the use of, for instance,
appropriate vector-derived, insert-derived, or unrelated signal and 20anchor sequencess included at
the N and C termini of glycoprotein inserts. Standard autoproteases, such as FMDV 2A autoprotease
(-20 amino acids) or ubiquitin (gene - 500 nt), or flanking viral NS2B/NS3 protease cleavage sites can
be used to direct cleavage of an expressed product from a growing polypeptide chain, to release a
foreign protein from a vector polyprotein, and to ensure viability of the construct. Optionally, 25growth
of the polyprotein chain can be terminated by using a termination codon, e.g., following a foreign gene
insert, and synthesis of the remaining proteins in the constructs can be re-initiated by incorporation of
an IRES element, e.g., the encephalomyocarditis virus (EMCV) IRES commonly used in the field of
RNA virus vectors. Viable recombinants can be recovered from helper cells (or regular cells for d-PIV
versions). 30Optionally, backbone P1V sequences can be rearranged, e.g., if the latter results in more
efficient expression of a foreign gene. For example, a gene rearrangement has been applied to TBE
virus, in which the prM-E genes were moved to the 3' end of the genome under the control of an 1RES
(Orlinger et al., J. Virol. 80:12197-12208, 2006). Translocation of prM-E or any other genes can be
applied to P1V flavivirus vaccine 5candidates and expression vectors, according to the invention.
Additional details concerning different insertion sites that can be used in the invention are as follows
(also see WO 02/102828, WO 2008/036146, WO 2008/094674, WO 2008/100464, WO 2008/115314,
as noted above). Peptide sequences can be inserted within the envelope protein, which is the principle
target for neutralizing antibodies. The to sequences can be inserted into the envelope in, for example,
positions corresponding to amino acid positions 59, 207, 231, 277, 287, 340, and/or 436 of the
Japanese encephalitis virus envelope protein (see, e.g., WO 2008/115314 and WO 02/102828). To
identify the corresponding loci in different flaviviruses, the flavivirus sequences are aligned with that of
Japanese encephalitis virus. As there may not be an exact match, it should be 



15understood that, in non-JE viruses, the site of insertion may vary by, for example, 1, 2, 3, 4, or 5
amino acids, in either direction. Further, given the identification of such sites as being permissive in
JE, they can also vary in JE by, for example, 1, 2, 3, 4, or 5 amino acids, in either direction. Additional
permissive sites can be identified using methods such as transposon mutagenesis (see, e.g., WO
02/102828 and WO 2008/036146). The 20insertions can be made at the indicated amino acids by
insertion just C-terminal to the indicated amino acids (i.e., between amino acids 51-52, 207-208,
231-232, 277-278, 287- 288, 340-341, and 436-437), or in place of short deletions (e.g., deletions of I,
2, 3, 4, 5, 6, 7, or 8 amino acids) beginning at the indicated amino acids (or within 1-5 positions
thereof, in either direction). 25In addition to the envelope protein, insertions can be made into other
virus proteins including, for example, the membrane/pre-membrane protein and NS1 (see, e.g., WO
2008/036146). For example, insertions can be made into a sequence preceding the
capsid/pre-membrane cleavage site (at, e.g., -4, -2, or-I) or within the first 50 amino acids of the
pre-membrane protein (e.g., at position 26), and/or between amino acids 236 30and 237 of NS I (or in
regions surrounding the indicated sequences, as described above).  In other examples, insertions can
be made intergenically. For example, an insertion can be made between E and NS1 proteins and/or
between NS2B and NS3 proteins (see, e.g., WO 2008/100464). In one example of an intergenic
insertion, the inserted sequence can be fused with the C-terminus of the E protein of the vector, after
the C-terminal 5signal/anchor sequence of the E protein, and the insertion can include a C-terminal
anchor/signal sequence, which is fused with vector NS1 sequences. In another example of an
intergenic insertion, the inserted sequences, with flanking protease cleavage sites (e.g., YF 17D
cleavage sites), can be inserted into a unique restriction site introduced at the NS2BfNS3 junction (WO
2008/100464). 10In other examples, a sequence can be inserted in the context of an internal ribosome
entry site (IRES, e.g., an IRES derived from encephalomyocarditis virus; EMCV), as noted above,
such as inserted in the 3'-untranslated region (WO 2008/094674). In one example of such a vector,
employing, for example, yellow fever virus sequences, an IRES-immunogen cassette can be inserted
into a multiple cloning site Isengineered into the 3'-untranslated region of the vector, e.g., in a deletion
(e.g., a 136 nucleotide deletion in the case of a yellow fever virus-based example) after the polyprotein
stop codon (WO 2008/094674). Details concerning the insertion of rabies virus G protein and
full-length respiratory syncytial virus (RSV) F protein into s-PIV and d-PIV vectors of the invention 20
are provided below in Example 3. The information provided in Example 3 can be applied in the context
of other vectors and immunogens described herein. lmmunogens PlVs (s-PIVs and d-PIVs) based on
flavivirus sequences and live, attenuated 25 chimeric flaviviruses (e.g., YF/TBE, YF/LGT, WN/TBE,
and WN/LGT), as described above, can be used in the invention to deliver foreign (e.g., non-flavivirus)
pathogen (e.g., viral, bacterial, fungal, and parasitic pathogens), cancer, and allergy-related
immunogens. As discussed further below, in certain examples, it may be advantageous to target
several pathogens occupying the same ecological niche, in a particular geographical region.
30Specific, non-limiting examples of such immunogens are provided as follows.           In addition to
TBE virus, ticks are known to transmit another major disease, Lyme disease. Thus, in a first example,
PIVs of the invention, such as PlVs including TBE/LGT sequences, as well as chimeric flaviviruses
including TBE sequences (e.g., YF/TBE, YF/LGT, WNiT'BE, LGT/TBE, and WN/LGT; in all instances
where "TBE" is 5indicated, this includes the option of using the Hypr strain), can be used as vectors to
deliver protective immunogens of the causative agent of Lyme disease (tick-borne spirochete Borrelia
burgdorferi). This combination, targeting both infectious agents (TBE and B. burgdorferi) is
advantageous, because TBE and Lyme disease are both tick-borne diseases. The PIV approaches
can be applied to chimeras (e.g., YF/TBE, YF/LGT, 



10 WN/TBE, or WN/LGT), according to the invention, as well as to non-chimeric TBE and LGT viruses.
An exemplary immunogen from B. burgdorferi that can be used in the invention is OspA (Gipson et al.,
Vaccine 21:3875-3884,2003). Optionally, to increase safety and/or immunogenicity, OspA can be
mutated to reduce chances of autoimmune responses and/or to eliminate sites for unwanted
post-translational modification in 15vertebrate animal cells, such as N-linked glycosylation, which may
affect immunogenicity of the expression product. Mutations that decrease autoimmunity can include,
e.g., those described by Willett et al., Proc. Natl. Acad. Sci. U.S.A. 101:1303-1308, 2004. In one
example, FTK-OspA, a putative cross-reactive T cell epitope, Bb OsoA165173 (YVLEGTLTA) is
altered to resemble the corresponding peptide sequence of Borrelia 20 afzelli (FTLEGKVAN). In
FTK-OspA, the corresponding sequence is FTLEGKLTA. The sequence of OspA is as follows: I
mkkyllgigl ilaliackqn vssldeknsv svdlpgemkv lvskeknkdg kydl atvdk 61 lelkgtsdkn ngsgvlegvk adkskvklti
sddlgqttle vfkedgkt1v 25skkvtskdks        121 steekfnekg evsekiitra dgtrleytgi ksdgsgkake vlkgyvlegt
ltaekttivv        181 kegtvtlskn isksgevsve lndtdssaat kktaawnsgt stltitvnsk ktkdlvftke 30241 ntitvqqyds
ngtklegsav eltkldeikn alk The full-length sequence and/or immunogenic fragments of the full-length
sequence can be used in the present invention. Exemplary fragments can include one or more of
domains 1 (amino acids 34-41), 2 (amino acids 65-75), 3 (amino acids 190-220), and 4 (amino acids
250-270) (Jiang et al., Clin. Diag. Lab. lmmun. 1(4):406-412, 1994).  Thus, for example, a peptide
comprising any one (or more) of the following sequences (which include sequence variations that can
be included in the sequence listed above, in any combination) can be delivered: LPGE/GM/1K/T/GVL;
GTSDKN/S/DNGSGV/T;
N/H/EIS/P/L/A/SK/NSGEV/IS/TV/AE/ALN/DDT/SD/NS/TS/TA/Q/RATKKTA/GA/K/ 5
TWN/DS/AG/N/KT; SN/AGTIC/NLEGS/NAUTAVEIT/KK/TLD/KEI/LKN. In addition to B. burgdorferi
immunogens, tick saliva proteins, such as 64TRP, 'sac, and Salp20, can be expressed, e.g., to
generate a vaccine candidate of trivalent-specificity (TBE+Lyme disease+ticks). Alternatively, tick
saliva proteins can be expressed instead of B. burgdorferi immunogens in TBE sequence-containing
vectors. In ioaddition, there are many other candidate tick saliva proteins that can be used for tick
vector vaccine development according to the invention (Francischetti et al., Insect Biochem. Mol. Biol.
35:1142-1161,2005). One or more of these immunogens can be expressed in s-P1V-TBE. However,
d-PIV-TBE may also be selected, because of its large insertion capacity. In addition to PIV-TBE, other
P1V vaccines can be used as vectors, 15e.g., to protect from Lyme disease and another flavivirus
disease, such as West Nile virus. Expression of these immunogens can be evaluated in cell culture,
and immunogenicity/protection examined in available animal models (e.g., as described in Gipson et
al., Vaccine 21:3875-3884,2003; Labuda etal., Pathog. 2(e27):025I-0259, 2006). Immunogens of other
pathogens can be similarly expressed, in addition to Lyme 20disease and tick immunogens, with the
purpose of making multivalent vaccine candidates. Exemplary tick saliva immunogens that can be
used in the invention include the following: 64TRP (AF469170)  25 MKAFFVLSLL STAALTNAAR
AGRLGSDLDT FGRVHGNLYA GIERAGPRGY PGLTASIGGt VGARLGGRAG VGVSSYGYGY
PSWGYPYGGY GGYGGYGGYG GYDQGFGSAY GGYPGYYGYY YPSGYGGGYG GSYGGSYGGS
YTYPNVRASA GAAA (sac (AF270496) 



30 MRTAFTCALL AISFLGSPCS SSEDGLEQDT IVETTTQNLY ERHYRNHSGL CGAQYRNSSH
AEAVYNCTLN HLPPVVNATW EGIRHRINKT IPQFVKLICN FTVAMPQEFY LVYMGSDGNS
DFEEDKESTG TDEDSNTGSS AAAKVTEALI IEAEENCTAH ITGWTTETPT TLEPTTESQF EAIP
Salp20 (EU008559)  MRTALTCALL AISFLGSPCS SSEGGLEKDS RVETTTQNLY ERYYRKHPGL
CGAQYRNSSH AEAVYNCTLS LLPLSVNTTW EGIRHRINKT IPEFVNLICN FTVAMPDQFY
LVYMGSNGNS YSEEDEDGKT GSSAAVQVTE QLIIQAEENC TAHITGWTTE APTTLEPTTE
TQFEAIS S Additional details concerning the TBE-related PIVs and LAVs are provided in Example 2,
below.       The invention further provides PIV and LAV-vectored vaccines against other nonflavivirus
pathogens, including vaccines having dual action, eliciting protective immunity 10against both
flavivirus (as specified by the vector envelope proteins) and non-flavivirus pathogens (as specified by
expressed immunologic determinant(s)). These are similar to the example of PIV-TBE-Lyme
disease-tick vector vaccines described above. As mentioned above, such dual-action vaccines can be
developed against a broad range of pathogens by expression of immunogens from, for example, viral,
bacterial, fungal, and 15parasitic pathogens, and immunogens associated with cancer and allergy. As
specific non-limiting examples, we describe herein the design and biological properties of P1V
vectored-rabies and -respiratory syncytial virus (RSV) vaccine candidates constructed by expression
of rabies virus G protein or full-length RSV F protein in place of or in combination with various
deletions in one- and two-component P1V vectors (see Example 203, below).       As is demonstrated
in the Examples, below, s-PIV constructs may be advantageously used to stably deliver relatively short
foreign immunogens (similar to Lyme disease agent OspA protein and tick saliva proteins), because
insertions are combined with a relatively short AC deletion. Two-component PIV vectors may be
25advantageously used to stably express relatively large immunogens, such as rabies G protein and
RSV F, as the insertions in such vectors are combined with, for example, large AprM-E, AC-prM-E,
and/or ANSI deletions. Some of the d-PIV components can be manufactured and used as vaccines
individually, for instance, the PIV-RSV F construct described below containing a AC-prM-E deletion. In
this case, the vaccine induces an 30 immune response (e.g., neutralizing antibodies) predominantly
against the expressed  protein, but not against the flavivirus vector virus pathogen. In other examples
of the invention, dual immunity is obtained by having immunity induced both to vector and  insert
components. Additionally, because of the large insertion capacity of PIV vectors, and the option of
using two-component genomes, Ply vectors offer the opportunity to target several non-flavivirus
pathogens simultaneously, e.g., by expressing foreign immunogens from two different non-flavivirus
pathogens in the two components of a 5d-PIV. In addition to the RSV F protein, rabies G protein, Lyme
disease protective immunogens, and tick saliva proteins, as examples of foreign immunogens
described above, other foreign immunogens can be expressed to target respective diseases including,
for example, influenza virus type A and B immunogens. In these examples, a 10few short epitopes
and/or whole genes of viral particle proteins can be used, such as the M2, HA, and NA genes of
influenza A, and/or the NB or BM2 genes of influenza B. Shorter fragments of M2, NB, and BM2,
corresponding for instance to M2e, the extracellular fragment of M2, can also be used. In addition,
fragments of the HA gene, including epitopes identified as HAO (23 amino acids in length,
corresponding to the 



15cleavage site in HA) can be used. Specific examples of influenza-related sequences that can be
used in the invention include PAKLLKERGEFGAIAGFLE (HAO), PAKLLKERGFFGAIAGFLEGSGC
(HAO), NNATFNYTNVNP1SHIRGS (NBe), MSLLTEVETPIRNEWGCRCNDSSD (M2e),
MSLLTEVETPTRNEWECRCSDSSD (M2e), MSLLTEVETLTRNGWGCRCSDSSD (M2e), EVETPTRN
(M2e), 20 SLLTEVETPIRNEWGCRCNDSSD (M2e), and SLLTEVETPIRNEWGCR (M2e). Additional
M2e sequences that can be used in the invention include sequences from the extracellular domain of
BM2 protein of influenza B (consensus MLEPFQ, e.g., LEPFQILSISGC), and the M2e peptide from
the H5N1 avian flu (MSLLTEVETLTRNGWGCRCSDSSD). 25Other examples of pathogen
immunogens that can be delivered in the vectors of the invention include codon-optimized SIV or HIV
gag (55 kDa), gp120, gp160, SW mac239-rev/tat/nef genes or analogs from HIV, and other HIV
immunogens; immunogens from HPV viruses, such as HPV16, HPV18, etc., e.g., the capsid protein LI
which self-assembles into HPV-like particles, the capsid protein L2 or its immunodominant portions
30(e.g., amino acids 1-200, 1-88, or 17-36), the E6 and E7 proteins which are involved in  transforming
and immortalizing mammalian cells fused together and appropriately mutated (fusion of the two genes
creates a fusion protein, referred to as E6E7R1Y, that is about 10-fold less capable of transforming
fibroblasts, and mutations of the E7 component at 2 residues renders the resulting fusion protein
mutant incapable of inducing 5transformation (Boursnell et al., Vaccine 14:1485-1494, 1996). Other
immunogens include protective immunogens from HCV, CMV, HSV2, viruses, malaria parasite,
Mycobacterium tuberculosis causing tuberculosis, C. difficile, and other nosocomial infections, that are
known in the art, as well as fungal pathogens, cancer immunogens, and proteins associated with
allergy that can be used as vaccine targets. 10Foreign immunogen inserts of the invention can be
modified in various ways. For instance, codon optimization is used to increase the level of expression
and eliminate long repeats in nucleotide sequences to increase insert stability in the RNA genome of
Ply vectors. lmmunogenicity can be increased by chimerization of proteins with immunostimulatory
moieties well known in the art, such as TLR agonists, stimulatory 15cytokines, components of
complement, heat-shock proteins, etc. (e.g., reviewed in "Immunopotentiators in Modern Vaccines,"
Schijns and O'Hagan Eds., 2006, Elsevier Academic Press: Amsterdam, Boston).       With respect to
construction of dual vaccines against rabies and other flavivirus diseases, other combinations, such as
TBE + rabies, YF + rabies, etc., can be of interest 20both for human and veterinary use in
corresponding geographical regions, and thus can be similarly generated. Possible designs of
expression constructs are not limited to those described herein. For example deletions and insertions
can be modified, genetic elements can be rearranged, or other genetic elements (e.g. non-flavivirus,
non-rabies signals for secretion, intracellular transport determinants, inclusion of or fusion with
25immunostimulatory moieties such as cytokines, TLR agonists such as flagellin, multimerization
components such as leucine zipper, and peptides that increase the period of protein circulation in the
blood) can be used to facilitate antigen presentation and increase immunogenicity. Further, such
designs can be applied to s-PIV and d-P1V vaccine candidates based on vector genomes of other
flaviviruses, and expressing  immunogens of other pathogens, e.g., including but not limited to
pathogens described in elsewhere herein. Other examples of PIV and LAV vectors of the invention
including combination vaccines such as DEN+Chikungunya virus (CHIKV) and YF+CHIKV. CHIKV, an
5 alphavirus, is endemic in Africa, South East Asia, Indian subcontinent and the Islands, and the
Pacific Islands and shares ecological/geographical niches with YF and DEN 1-4. It causes serious
disease primarily associated with severe pain (arthritis, other symptoms similar to DEN) and
long-lasting sequelae in the majority of patients (Simon et al., Med. Clin. North Am. 92:1323-1343,
2008; Seneviratne et al., J. Travel Med. 14:320-325, 10 2007). Other examples of Ply and LAV vectors
of the invention include YF+Ebola or DEN+Ebola, which co-circulate in Africa.       lmmunogens for the
above-noted non-flavivirus pathogens, sequences of which are well known in the art, may include
glycoprotein B or a pp65/1E1 fusion protein of CMV (Reap et al., Vaccine 25(42):7441-7449, 2007;
and references therein), several TB 15 proteins (reviewed in Skeiky et al., Nat. Rev. Microbiol.
4(6):469-476, 2006), malaria parasite antigens such as RTS,S (a pre-erythrocytic circumsporozoite
protein, CSP) and others (e.g., reviewed in Li et al., Vaccine 2504):2567-2574, 2007), CH1KV
envelope proteins El and E2 (or the C-E2-E1, E2-E I cassettes), HCV structural proteins C-El-E2
forming VLPs (Ezelle et al., J. Virol. 76(23):12325-12334, 2002) or other proteins to 20induce T-cell
responses, Ebola virus glycoprotein GP (Yang et al., Virology 377(2):255- 



264, 2008). In addition to the immunogens described above, the vectors described herein may include
one or more immunogen(s) derived from or that direct an immune response against one or more
viruses (e.g., viral target antigen(s)) including, for example, a dsDNA 25virus (e.g., adenovirus,
herpesvirus, epstein-barr virus, herpes simplex type I, herpes simplex type 2, human herpes virus
simplex type 8, human cytomegalovirus, varicellazoster virus, poxvirus); ssDNA virus (e.g., parvovirus,
papillomavirus (e.g., El, E2, E3, E4, E5, E6, E7, E8, BPV I , BPV2, BPV3, BPV4, BPV5, and BPV6 (In
Papillomavirus and Human Cancer, edited by H. Pfister (CRC Press, Inc. 1990)); Lancaster et al.,
Cancer 30Metast. Rev. pp. 6653-6664, 1987; Pfister et al., Adv. Cancer Res. 48:113-147, 1987));
dsRNA viruses (e.g., reovirus); (+)ssRNA viruses (e.g., picomavirus, coxsackie virus, hepatitis A virus,
poliovirus, togavirus, rubella virus, flavivirus, hepatitis C virus, yellow fever virus, dengue virus, west
Nile virus); (-)ssRNA viruses (e.g., orthomyxovirus, influenza virus, rhabdovirus, paramyxovirus,
measles virus, mumps virus, parainfluenza 5virus, rhabdovirus, rabies virus); ssRNA-RT viruses (e.g.,
retrovirus, human immunodeficiency virus (HIV)); and dsDNA-RT viruses (e.g. hepadnavirus, hepatitis
B). Immunogens may also be derived from other viruses not listed above but available to those of skill
in the art. With respect to HIV, immunogens may be selected from any HIV isolate. As is towell-known
in the art, HIV isolates are now classified into discrete genetic subtypes. HIV-1 is known to comprise at
least ten subtypes (A, B, C, D, E, F, G, H, J, and K). HIV-2 is known to include at least five subtypes
(A, B, C, D, and E). Subtype B has been associated with the HIV epidemic in homosexual men and
intravenous drug users worldwide. Most HIV-1 immunogens, laboratory adapted isolates, reagents and
mapped 15epitopes belong to subtype B. In sub-Saharan Africa, India, and China, areas where the
incidence of new HIV infections is high, HIV-I subtype B accounts for only a small minority of
infections, and subtype HIV-1 C appears to be the most common infecting subtype. Thus, in certain
embodiments, it may be desirable to select immunogens from HIV-1 subtypes B and/or C. It may be
desirable to include immunogens from multiple 20 HIV subtypes (e.g., HIV-I subtypes B and C, HIV-2
subtypes A and B, or a combination of HIV-1 and HIV-2 subtypes) in a single immunological
composition. Suitable HIV immunogens include ENV, GAG, POL, NEF, as well as variants,
derivatives, and fusion proteins thereof, for example. lmmunogens may also be derived from or direct
an immune response against one 25or more bacterial species (spp.) (e.g., bacterial target antigen(s))
including, for example, Bacillus spp. (e.g., Bacillus anthracis), Bordetella spp. (e.g., Bordetella
pertussis), Borrelia spp. (e.g., Borrelia burgdorferi), Brucella spp. (e.g., Brucella abortus, Brucella
canis, Brucella melitensis, Brucella suis), Campylobacter spp. (e.g., Campylobacter jejuni), Chlamydia
spp. (e.g., Chlamydia pneumoniae, Chlamydia psittaci, Chlamydia 30trachomatis), Clostridium spp.
(e.g., Clostridium botulinum, Clostridium difficile,  Clostridium perfringens, Clostridium tetani),
Corynebacterium spp. (e.g., Corynebacterium diptheriae), Enterococcus spp. (e.g., Enterococcus
faecalis, enterococcus faecum), Escherichia spp. (e.g., Escherichia coil), Francisella spp. (e.g.,
Francisella tularensis), Haemophilus spp. (e.g., Haemophilus influenza), Helicobacter 5spp. (e.g.,
Helicobacter pylon), Legionella spp. (e.g., Legionella pneumophila), Leptospira spp. (e.g., Leptospira
interrogans), Listeria spp. (e.g., Listeria monocytogenes), Mycobacterium spp. (e.g., Mycobacterium
leprae, Mycobacterium tuberculosis), Mycoplasma spp. (e.g., Mycoplasma pneumoniae), Neisseria
spp. (e.g., Neisseria gonorrhea, Neisseria meningitidis), Pseudomonas spp. (e.g., Pseudomonas
aeruginosa), 10Rickettsia spp. (e.g., Rickettsia rickettsii), Salmonella spp. (e.g., Salmonella typhi, 



Salmonella typhinurium), Shigella spp. (e.g., Shigella sonnei), Staphylococcus spp. (e.g.,
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus, coagulase
negative staphylococcus (e.g., U.S. Patent No. 7,473,762)), Streptococcus spp. (e.g., Streptococcus
agalactiae, Streptococcus pneumoniae, Streptococcus pyrogenes), 15Treponema spp. (e.g.,
Treponema pallidum), Vibrio spp. (e.g., Vibrio cholerae), and Yersinia spp. (Yersinia pestis).
Immunogens may also be derived from or direct the immune response against other bacterial species
not listed above but available to those of skill in the art. Immunogens may also be derived from or
direct an immune response against one 20or more parasitic organisms (spp.) (e.g., parasite target
antigen(s)) including, for example, Ancylostoma spp. (e.g., A. duodenale), Anisakis spp., Ascaris
lumbricoides, Balantidium coli, Cestoda spp., Cimicidae spp., Clonorchis sinensis, Dicrocoelium
dendriticum, Dicrocoelium hospes, Diphyllobothrium latum, Dracunculus spp., Echinococcus spp.
(e.g., E. granulosus, E. multilocularis), Entamoeba histolytica, Enterobius vermicularis, 25Fasciola spp.
(e.g., F. hepatica, F. magna, F. gigantica, F. jacksoni), Fasciolopsis buski, Giardia spp. (Giardia
lamblia), Gnathostoma spp., Hymenolepis spp. (e.g., H. nana, H. diminuta), Leishmania spp., Loa loa,
Metorchis spp. (M. conjunctus, M. albidus), Necator americanus, Oestroidea spp. (e.g., botfly),
Onchocercidae spp., Opisthorchis spp. (e.g., 0. viverrini, 0. felineus, 0. guayaquilensis, and 0.
noverca), Plasmodium spp. (e.g., P. 30falciparum), Protofasciola robusta, Parafasciolopsis
fasciomorphae, Paragonimus  westermani, Schistosoma spp. (e.g., S. mansoni, S. japonicum, S.
mekongi, S. haematobium), Spirometra erinaceieuropaei, Strongyloides stercoralis, Taenia spp. (e.g.,
T. saginata, T. solium), Toxocara spp. (e.g., T. canis, T. cati), Toxoplasma spp. (e.g., T. gondii),
Trichobilharzia regenti, Trichinella spiralis, Trichuris trichiura, Trombiculidae 5spp., Trypanosoma spp.,
Tunga penetrans, and/or Wuchereria bancrofti. Immunogens may also be derived from or direct the
immune response against other parasitic organisms not listed above but available to those of skill in
the art.       Immunogens may be derived from or direct the immune response against tumor target
antigens (e.g., tumor target antigens). The term tumor target antigen (TA) may 10include both
tumor-associated antigens (TAAs) and tumor-specific antigens (TSAs), where a cancerous cell is the
source of the antigen. A TA may be an antigen that is expressed on the surface of a tumor cell in
higher amounts than is observed on normal cells or an antigen that is expressed on normal cells
during fetal development. A TSA is typically an antigen that is unique to tumor cells and is not
expressed on normal cells. 15TAs are typically classified into five categories according to their
expression pattern, function, or genetic origin: cancer-testis (CT) antigens (i.e., MAGE,NY-ES0-1);
melanocyte differentiation antigens (e.g., Melan A/MART-1, tyrosinase, gp100); mutational antigens
(e.g., MUM-I, p53, CDK-4); overexpressed 'self' antigens (e.g., HER-2/neu, p53); and viral antigens
(e.g., HPV, EBV). Suitable TAs include, for 20 example, gp100 (Cox et al., Science 264:716-719,
1994), MART-I/Melan A (Kawakami et al., J. Exp. Med., 180:347-352, 1994), gp75 (TRP-I) (Wang et
al., J. Exp. Med., 186:1131-1140, 1996), tyrosinase (Wolfel et al., Eur. J. Immunol., 24:759-764, 1994),
NY-ES0-1 (WO 98/14464; WO 99/18206), melanoma proteoglycan (Hellstrom et al., J. Immunol.,
130:1467-1472, 1983), MAGE family antigens (e.gl, MAGE-1, 2, 3, 4, 6, and 2512; Van der Bruggen et
al., Science 254:1643-1647, 1991; U.S. Patent No. 6,235,525), BAGE family antigens (Boel etal.,
Immunity 2:167-175, 1995), GAGE family antigens (e.g., GAGE-1,2; Van den Eynde et al., J. Exp.
Med. 182:689-698, 1995; U.S. Patent No. 6,013,765), RAGE family antigens (e.g., RAGE-I; Gaugler et
al., Immunogenetics 44:323-330, 1996; U.S. Patent No. 5,939,526),
N-acetylglucosaminyltransferase-V 30(Guilloux et al., J. Exp. Med. 183:1173-1183, 1996), p15
(Robbins et al., J. Immunol.  



154:5944-5950, 1995), B-catenin (Robbins etal., J. Exp. Med., 183:1185-1192, 1996), MUM-1 (Gaulle
et al., Proc. Natl. Acad. Sci. U.S.A. 92:7976-7980, 1995), cyclin dependent kinase-4 (CDK4) (Wolfe!
etal., Science 269:1281-1284, 1995), p21-ras (Fossum et al., Int. J. Cancer 56:40-45, 1994), BCR-ab/
(Bocchia et al., Blood 85:2680- 52684, 1995), p53 (Theobald etal., Proc. Natl. Acad. Sci. U.S.A.
92:11993-11997, 1995), p185 HER2/neu (erb-B1; Fisk etal., J. Exp. Med., 181:2109-2117, 1995),
epidermal growth factor receptor (EGFR) (Harris etal., Breast Cancer Res. Treat, 29:1-2, 1994),
carcinoembryonic antigens (CEA) (Kwong etal., J. Natl. Cancer Inst., 85:982-990, 1995) U.S. Patent
Nos. 5,756,103; 5,274,087; 5,571,710; 6,071,716; 5,698,530; 6,045,802; EP 10 263933; EP 346710;
and EP 784483; carcinoma-associated mutated mucins (e.g., MUC-1 gene products; Jerome etal., J.
Immunol., 151:1654-1662, 1993); EBNA gene products of EBV (e.g., EBNA-1; Rickinson et al., Cancer
Surveys 13:53-80, 1992); E7, E6 proteins of human papillomavirus (Ressing et al., J. lmmunol.
154:5934-5943, 1995); prostate specific antigen (PSA; Xue et al., The Prostate 30:73-78, 1997);
prostate specific ISmembrane antigen (PSMA; Israeli et al., Cancer Res. 54:1807-1811, 1994);
idiotypic epitopes or antigens, for example, immunoglobulin idiotypes or T cell receptor idiotypes
(Chen etal., J. Immunol. 153:4775-4787, 1994); KSA (U.S. Patent No. 5,348,887), kinesin 2 (Dietz,
etal., Biochem. Biophys. Res. Commun. 275(3):731-738, 2000), HIP- 55, TGFB-1 anti-apoptotic factor
(Toomey et al., Br. J. Biomed. Sci. 58(3):177-183, 202001), tumor protein D52 (Bryne etal., Genomics
35:523-532, 1996), HIFT, NY-BR-1 (WO 01/47959), NY-BR-62, NY-BR-75, NY-BR-85, NY-BR-87, and
NY-BR-96 (Scanlan, M. Serologic and Bioinformatic Approaches to the Identification of Human Tumor
Antigens, in Cancer Vaccines 2000, Cancer Research Institute, New York, NY), and/or pancreatic
cancer antigens (e.g., SEQ ID NOs: 1-288 of U.S. Patent No. 257,473,531). lmmunogens may also be
derived from or direct the immune response against include TAs not listed above but available to one
of skill in the art.       In addition to the specific immunogen sequences listed above, the invention also
includes the use of analogs of the sequences. Such analogs include sequences that are, for example,
at least 80%, 90%, 95%, or 99% identical to the reference sequences, or 30fragments thereof. The
analogs also include fragments of the reference sequences that  include, for example, one or more
immunogenic epitopes of the sequences. Further, the analogs include truncations or expansions of the
sequences (e.g., insertion of additional/repeat immunodominant/helper epitopes) by, e.g., 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 11-20, etc., amino acids on either or both ends. Truncation may remove immunologically
5unimportant or interfering sequences, e.g., within known structural/immunologic domains, or between
domains; or whole undesired domains can be deleted; such modifications can be in the ranges 21-30,
31-50, 51-100, 101-400, etc. amino acids. The ranges also include, e.g., 20-400, 30-100, and 50-100
amino acids. ioCocktails       The invention also includes compositions including mixtures of two or
more PlVs and/or PIV vectors, as described herein. As discussed above, use of such mixtures or
cocktails may be particularly advantageous when induction of immunity to more than one immunogen
and/or pathogen is desired. This may be useful, for example, in vaccination 15against different
flaviviruses that may be endemic to the region in which the vaccine recipient resides. This may also be
useful in the context of administration of multiple immunogens against the same target. Non-limiting
examples of P1V cocktails included in the invention are those including P1V-JE + P1V-DEN, and
P1V-YF + PIV-DEN. In both of these examples, the 20 PlVs for either or both components can be
single or dual component PlVs, as described above. In addition, in the case of the PIV-DEN, the PIV
can include sequences of just one dengue serotype selected from the group consisting of dengue
serotypes 1-4, or the cocktail can include PlVs expressing sequences from two, three, or all four of the
serotypes. Further, the TBEIBorrelia burgdorftriltick saliva protein (e.g., 64TRP, !sac, 25Salp20)
vaccines described herein can be based on including the different immunogens within a single PIV or
live attenuated flavivirus, or can be based on mixtures of PlVs (or LAVs), which each include one or
more of the immunogens. The cocktails of the invention can be formulated as such or can be mixed
just prior to administration. 



Use, Formulation, and Administration  The invention includes the PIV vectors, PIVs, LAV vectors, and
LAVs, as well as corresponding nucleic acid molecules, pharmaceutical or vaccine compositions, and
methods of their use and preparation. The P1V vectors, PlVs, LAV vectors, and LAVs of 5the invention
can be used, for example, in vaccination methods to induce an immune response to TBE or other
flavivirus, and/or another expressed immunogen, as described herein. These methods can be
prophylactic, in which case they are carried out on subjects (e.g., human subjects or other mammalian
subjects) not having, but at risk of developing infection or disease caused by TBE or another flavivirus
and/or a pathogen from which 10the other expressed immunogen is derived. The methods can also be
therapeutic, in which they are carried out on subjects already having an infection by one or more of the
relevant pathogens. Further, the viruses and vectors can be used individually or in combination with
one another or other vaccines. The subjects treated according to the methods of the invention include
humans, as well as non-human mammals (e.g., Islivestock, such as, cattle, pigs, horses, sheep, and
goats, and domestic animals, including dogs and cats).       Formulation of the P1V vectors, PlVs, LAV
vectors, and LAVs of the invention can be carried out using methods that are standard in the art.
Numerous pharmaceutically acceptable solutions for use in vaccine preparation are well known and
can readily be 20adapted for use in the present invention by those of skill in this art (see, e.g.,
Remington's Pharmaceutical Sciences (18'h edition), ed. A. Gennaro, 1990, Mack Publishing Co.,
Easton, PA). In two specific examples, the PIV vectors, PlVs, LAV vectors, and LAVs are formulated in
Minimum Essential Medium Earle's Salt (MEME) containing 7.5% lactose and 2.5% human serum
albumin or MEME containing 10% sorbitol. However, 25the PIV vectors, PlVs, LAV vectors, and LAVs
can simply be diluted in a physiologically acceptable solution, such as sterile saline or sterile buffered
saline. The PIV vectors, PlVs, LAV vectors, and LAVs of the invention can be administered using
methods that are well known in the art, and appropriate amounts of the viruses and vectors to be
administered can readily be determined by those of skill in 30the art. What is determined to be an
appropriate amount of virus to administer can be  determined by consideration of factors such as, e.g.,
the size and general health of the subject to whom the virus is to be administered. For example, in the
case of live, attenuated viruses of the invention, the viruses can be formulated as sterile aqueous
solutions containing between 102 and 108, e.g., 103 to 107, infectious units (e.g., plaque- 5forming
units or tissue culture infectious doses) in a dose volume of 0.1 to 1.0 ml. PIVs can be administered at
similar doses and in similar volumes; NV titers however are usually measured in, e.g., focus-forming
units determined by immunostaining of foci, as these defective constructs tend not to form virus-like
plaques. Doses can range between 102 and 108 FFU and administered in volumes of 0.1 to 1.0 ml. All
viruses and vectors of the invention can be administered by, for example, intradermal, subcutaneous,
intramuscular, intraperitoneal, or oral routes. In specific examples, dendritic cells are targeted by
intradermal or transcutaneous administration, by use of, for example, microneedles or microabrasion
devices. Further, the vaccines of the invention can be administered in a single dose or, optionally,
administration can involve 15the use of a priming dose followed by a booster dose that is
administered, e.g., 2-6 months later, as determined to be appropriate by those of skill in the art.
Optionally, Ply vaccines can be administered via DNA or RNA immunization using methods known to
those skilled in the art (Chang et al., Nat. Biotechnol. 26:571-577, 2008; Kofler et al., Proc. Natl. Acad.
Sci. U.S.A. 101:1951-1956,2004). 



20Optionally, adjuvants that are known to those skilled in the art can be used in the administration of
the viruses and vectors of the invention. Adjuvants that can be used to enhance the immunogenicity of
the viruses include, for example, liposomal formulations, synthetic adjuvants, such as (e.g., QS21),
muramyl dipeptide, monophosphoryl lipid A, polyphosphazine, CpG oligonucleotides, or other
molecules that appear to work by 25activating Toll-like Receptor (TLR) molecules on the surface of
cells or on nuclear membranes within cells. Although these adjuvants are typically used to enhance
immune responses to inactivated vaccines, they can also be used with live or replication-defective
vaccines. Both agonists of TLRs or antagonists may be useful in the case of live or
replication-defective vaccines. The vaccine candidates can be designed to express TLR 30agonists. In
the case of a virus delivered via a mucosal route, for example, orally,  mucosal adjuvants such as the
heat-labile toxin of E. coli (LT) or mutant derivations of LT can be used as adjuvants. In addition,
genes encoding cytokines that have adjuvant activities can be inserted into the vaccine candidates.
Thus, genes encoding desired cytokines, such as GM-CSF, IL-2, IL-12, IL-13, IL-5, etc., can be
inserted together with 5foreign immunogen genes to produce a vaccine that results in enhanced
immune responses, or to modulate immunity directed more specifically towards cellular, humoral, or
mucosa' responses (e.g., reviewed in "Immunopotentiators in Modem Vaccines", Schijns and O'Hagan
Eds., 2006, Elsevier Academic Press: Amsterdam, Boston, etc.). Optionally, a patch containing a layer
of an appropriate toxin-derived adjuvant, can be 10applied over the injection site. Toxin promotes local
inflammation attracting lymphocytes, which leads to a more robust immune response. Examples
Additional details concerning the invention are provided in the Examples, below. 15In the Examples,
experiments are described in which PlVs based on WN, JE, and YF viruses (see, e.g., WO
2007/098267 and WO 2008/137163) were tested. Firstly, we demonstrated that the constructs are
significantly more attenuated in a sensitive suckling mouse neurovirulence model (zero mortality at all
tested doses) as compared to available LAV controls (YF 17D, YF/JE LAV, and YF/WN LAV). We
demonstrated for the first  20 time that d-PIV constructs were avirulent in this model and thus that
two-component PlVs do not undergo uncontrolled (unlimited) spread in vivo and cannot cause clinical
signs. Secondly, we performed comparisons of the immunogenicity and efficacy of the PIVs and the
LAVs, and demonstrated that P1V vaccines can induce immune response comparable to LAVs and be
equally efficacious (e.g., as observed for PIV-WN and 25YF/WN LAV pair of vaccines). In one pair
examined, YF 17D LAV was significantly more immunogenic than PIV-YF. Thus, production of VLPs
can vary between different, similarly designed PIV constructs. Specifically, we propose that P1V-YF
does not generate a large amount of YF VLPs compared to PIV-WN (WN VLPs), and that increased
production of VLPs can be achieved by genetic modifications at the C/prM 30junction in suboptimal
PIV constructs. Specifically, the C/prM junction is an important  location in the flavivirus polyprotein
orchestrating the formation of viral envelope and synthesis of viral proteins (Yamshchikov and
Compans, Virology 192:38-51, 1993; Amberg and Rice, J. Virol. 73:8083-8094, 1999; Stocks and
Lobigs, J. Virol, 72:2141- 2149, 1998). We propose that secretion of VLPs in PIV infected cells (in
contrast to 5production of viral particles in whole viruses) can be increased by uncoupling of the viral
protease and signalase cleavages at the junction, or use of a strong heterologous signal peptide (tPA,
etc.) in place of the signal for prM, or by mutagenesis of the signal for prM. The efficiency of signalase
cleavage at the C/prM junction of flaviviruses is low (Stocks and Lobigs, J. Virol. 72:2141-2149, 1998),
e.g., as predicted by SignalP 3.0 on-line 10program. It is expected that more efficient cleavage
efficiency can be achieved by 



analysis of specific amino acid substitutions near the cleavage site with SignalP 3.0 (e.g., as described
in application WO 2008/100464), followed by incorporation of chosen mutation(s) into PIV genomes,
recovery of PIV progeny and measuring VLP secretion. Non-flavivirus signals are inserted by methods
standard in the art. Uncoupling between 15the viral protease and signalase cleavages can be
achieved by ablating the viral cleavage site by any non-conservative mutation (e.g., RRS in YF17D C
to RRA or GRS or RSS, etc.), or deletion of the entire site or some of its 3 residues. If necessary,
formation of free N-terminus of the signal of foreign protein can be achieved by using such elements
as autoprotease, or termination codon followed by an !RES. Alternatively, the native AUG 20initiation
codon of C can be ablated (in constructs where C protein sequence is unnecessary, e.g., AC PIV) and
AUG placed in front of foreign gene. Optimization of vector signal can be performed by random
mutagenesis, e.g., by insertion of synthetic randomized sequence followed by identification of viable
PIV variants with increased VLP secretion. 25We also discovered that PIV constructs were
substantially more immunogenic in hamsters when administered by the IP route, as compared to the
subcutaneous route. We concluded that this was most likely due to better targeting of antigen
presenting cells in lymphoid tissues, which are abundant in the abdomen, but not abundant in tissues
underlying the skin. Based on these observations, we concluded that efficient targeting of 30PlVs to
dendritic cells, abundant in the skin, can be achieved by cutaneous inoculation,  e.g., via skin
microabrasion or intradermal injection using microneedles (Dean et al., Hum Vaccin. 1:106-111, 2005).
Further, we have carried out experiments to show the feasibility of administering mixtures, or cocktails,
of different PlVs, such as those described herein (e.g., JE+DEN 5and YF+DEN). In order to administer
cocktails, it is important to verify that there is no interference between co-administered components,
and that a balanced immune response is induced. Several PIV mixtures were used to immunize
rodents and immune responses were compared to PIV constructs administered individually. No
interference was observed in mixtures, and thus cocktail PIV vaccines are feasible. Such formulations
tomay be of particular significance in geographical regions where different flaviviruses co- circulate.
This could be also used to simultaneously administer several Ply-based vaccines against
non-flavivirus pathogens. Further, we have demonstrated that no neutralizing antibody response is
induced against packaging envelope after at least two doses of NV (and thus antibodies are 15elicited
against VLPs secreted from infected cells). This was demonstrated using the helper (AprM-E)
component of a d-PIV (see in Fig. 2) packaged individually, or by measuring neutralizing antibodies to
heterologous packaging envelopes (e.g., to the WN envelope used to package PIV-JE in helper cells
providing WN-specific C-prM-E proteins in trans). The latter observations support sequential use of
different PIV 20vaccines manufactured in a universal helper packaging cells line, and sequential use of
different recombinant Ply-vectored vaccines in the same individual, as discussed above. In addition,
we confirmed previous observations that PIV constructs can be stably propagated to high yields in
vitro, and that no recombination restoring whole virus occurs after prolonged passaging in substrate
cells (Mason et al., Virology 351:432-443, 2006; 25Shustov etal., J. Virol. 21:11737-11748,2007).
These and other aspects of the invention are further described in the Examples, below. 30  Example I.
Pseudoinfectious virus platform development studies Attenuation in suckling mouse neurovirulence
(NV) model 



Materials used in the studies described below are described in Table 1 and the 5references cited
therein. These include s-PIV-WN (based on wt WN virus strain NY99 sequences), s-PtV-JE,
s-PIV-WN/JE (based on wt WN virus backbone and prM-E genes from wt JE virus Nakayama strain),
s-PIV-YF/WN (YF 17D backbone and prM-E genes from WN virus), and s-PIV-YF (based on YF I7D
sequences). Additional materials include d-PIV-YF (YF d-PIV, grown in regular BI-IK cells (Shustov et
al., J. Virol. to21:11737-11748, 2007), and two-component d-PIV-WN (grown in regular Vero cells;
Suzuki et al., J. Virol. 82:6942-6951,2008).        Attenuation of these PIV prototypes was compared to
LAVs YF I7D, a chimeric YF/JE virus, and a chimeric YF/WN virus in suckling mouse NV test (IC
inoculation) using highly susceptible 5-day old ICR mice (the chimeric viruses include yellow fever
15capsid and non-structural sequences, and JE or WN prM-E sequences). None of the animals that
received PIV constructs showed clinical signs or died, while mortality was observed in animals
inoculated with LAVs (Table 2). The YF I 7D virus is neurovirulent for mice of all ages, while the
chimeric vaccines are not neurovirulent for adult mice, but can cause dose-dependent mortality in
more sensitive suckling mice (Guirakhoo et al., 20Virology 257:363-372, 1999; Arroyo et al., J. Virol.
78:12497-12507, 2004). Accordingly, 90%-100% of suckling mice that received doses as low as 1
PFU of YF 17D died. YF/JE and YF/WN LAVs caused partial mortality at much higher doses (>2 logio
PFU and 3 logic PFU, respectively), with longer average survival time (AST) of animals that died, as
expected. Thus, Ply constructs are completely avirulent in this sensitive 25model (at least 20,000-
200,000 times less neurovirulent than the licensed YF 17D vaccine).         The YF d-PIV and WN d-PIV
caused no mortality or clinical signs. Thus, the two-component PIV variants that theoretically could
spread within brain tissue from cells co-infected by both of their components did not cause disease.
Moreover, we tried to 30detect the d-PIVs in the brains of additional animals in this experiment,
sacrificed on day 6 post-inoculation by titration, and detected none (brain tissues from 10 and 11 mice
that received 4 log10 FFU of YF d-PIV and WN d-PIV, respectively, were homogenized and used for
titration). Thus, the d-PIVs did not cause spreading infection characteristic of whole virus. YF/JE LAV
has been shown to replicate in the brain of adult ICR mice inoculated by the IC route with a peak titer
of 6 login PFU/g on day 6, albeit without 5 clinical signs (Guirakhoo et al., Virology 257:363-372,
1999). Co-infection of cells with components of a d-PIV is clearly a less efficient process than infection
with whole virus. The data show that d-PIV replication in vivo is quickly brought under control by innate
immune responses (and adaptive responses in older animals). 10 immunogenicity/efficacy in mice and
hamsters       lmmunogenicity/efficacy of the P1V prototypes described above was compared to that of
chimeric LAV counterparts and YF 17D in mice and Syrian hamsters. The general experiment design
is illustrated in Fig. 3 (mice, IP immunization). Experiments in hamsters were performed similarly
(plus-minus a few days, SC or IP inoculation with 15 doses indicated below). 3.5-week old ICR mice
(for s-PIV-WN and -YF, YF/WN LAV, and YF 17D groups) or C57/BL6 mice (for s-P1V-JE and YF/JE
LAV groups) were immunized IP with graded doses of PIV constructs (4-6 logIOFFU/dose) or chimeric
LAV and YF 17D LAV controls (4 logi0 PFU). Select PIV-WN, -JE and -YF groups were boosted on
day 21 with 5 logi0 FFU of corresponding constructs (Table 3). 20 Neutralizing antibody responses
were determined in animal sera by standard PRNT50 against YF/WN or BE LAVs, or YF 17D viruses.
PIV-WN induced very high WNspecific neutralizing antibody responses in all groups, with or without
boost, as evidenced by PRNT50 titers determined in pools of sera from immunized animals on days 20
and 34, which was comparable to that in the YF/WN LAV control group. Accordingly, animals 25
immunized with both P1V-WN and YF/WN LAV were protected from lethal challenge on day 35 with wt
WN virus (IP, 270 LDso), but not mock-immunized animals (Table 3). When WN neutralizing
antibodies were measured in sera from individual mice, high uniformity of immune responses was
observed (Fig. 4). Thus, single-round PIV vaccines can be as immunogenic and efficacious as
corresponding LAVs. PIV-JE was also highly 



30immunogenic (black mice), while immunogenicity of P1V-YF was significantly lower  compared to
the YF 17D control (ICR mice). Yet, dose-dependent protection of PIV-YF immunized animals (but not
mock-immunized animals) was observed following a severe lethal IC challenge with wt YF strain Asibi
virus (500 LD50) (Table 3), which is in agreement with the knowledge that neutralizing antibody titers
as low 1:10 are protective 5against flavivirus infections.       The YF 17D control virus was highly
immunogenic (e.g., PRNT50 titer 1:1,280 on day 34), and thus it is able to infect cells and replicate
efficiently in vivo, and its envelope is a strong immunogen. Therefore, it is unlikely that low
immunogenicity of PIV-YF was due to its inability to infect cells or replicate efficiently in infected cells
in vivo. We 10 believe that the low immunogenicity of PIV-YF (e.g., compared to PIV-WN) was most
likely due to a low-level production of YF-specific VLPs in PIV-YF infected cells (while VLP secretion is
high in PIV-WN infected cells). As discussed above, we propose that immunogenicity of P1V-YF can
be significantly increased, e.g., by appropriate modifications at the C/prM junction, e.g., by uncoupling
the two protease cleavages that 15occur at this junction (viral protease and signalase cleavages),
and/or by using a strong heterologous signal [e.g., rabies virus G protein signal, or eukaryotic tissue
plasminogen activator (tPA) signal (Malin et al., Microbes and Infection, 2:1677-1685, 2000), etc.] in
place of the YF signal for prM. A similar experiment was performed in - 4.5-week old Syrian hamsters,
to 20compare immunogenicity of PIV constructs to LAV controls in this model. Animals were
immunized SC with graded doses of the test articles (Table 4). PIV-WN was highly immunogenic, e.g.,
WN-specific PRNT50 titers on day 38 (pre-challenge) were 1:320, 1:640, and 1:1280 in groups that
received 5, 6, and 6 (prime)+5 (boost) log io FFU doses, respectively. This was somewhat lower
compared to YF/WN LAV 4 logo PFU control 25(> 1:2560). PIV-JE and -YF induced detectable
specific neutralizing antibody responses, albeit with lower titers compared to YF/JE LAV and YF 17D
controls. All animals immunized with P1V-WN and YF/WN were solidly protected from lethal challenge
with wt WN virus as evidenced by the absence of mortality and morbidity (e.g., loss of body weight
after challenge), as well as absence or a significant reduction of postchallenge WN 30virus viremia.
Mock-immunized animals were not protected (Table 4). PIV-JE and -WN  protected animals from
respective challenge in dose-dependent fashion. Protective efficacy in this experiment is additionally
illustrated in Fig. 5. For example, high post-challenge YF virus (hamster adapted Asibi strain) viremia
was observed in mock immunized animals, peaking on day 3 at a titer oft" 8 log10PFU/m1 (upper left
panel); all 5of the animals lost weight, and 1 out of 4 died (upper right panel). In contrast, viremia was
significantly reduced or absent in hamsters immunized with PIV-YF (two doses; despite relatively low
neutralizing titers) or YF 17D; none of these animals lost weight. Similarly, animals immunized with
P1V-WN or YF/WN LAV were significantly or completely protected in terms of post-challenge WN virus
viremia and body weigh 10loss/mortality, in contrast to mock controls (compare in bottom panels).
Thus, high immunogenicity/efficacy of NV was demonstrated in a second animal model.       In another
hamster experiment, animals were immunized with P1V constructs by the IP route, with two doses.
Table 5 compares neutralizing immune responses (specific for each vaccine) determined in pooled
sera of hamsters in the above-described 15experiment (SC inoculation) to those after IP immunization,
for PIV-WN, - YF/WN, - WN/JE, and -YF after the first dose (days 20-21) and second dose (days
34-38). A clear effect of the immunization route was observed both after the 1st and 2"d doses. For
instance, for PIV-WN after 1 dose, SC immunization resulted in WN-specific PRNT50 titer of 1:40,
while IP inoculation resulted in much higher titer 1:320 (and after the 2nd 20dose, titers were similar).
A more pronounced effect was observed for other constructs after both the 15t and 2"d doses.
Interestingly, PIV-YF/WN was very highly immunogenic by IP route (titer 1:320 after 1st IP dose vs.
1:20 by SC, and 1:1,280 after 2116 dose vs. 1:160 by SC). Similarly, immunogenicity of PIV-JE was
significantly increased (e.g., JEspecific titer of 1:640 after two IP poses). Thus, better targeting of
lymphoid cells, 25specifically antigen-presenting cells (which are more abundant in the abdomen as 



opposed to tissues under the skin), is an important consideration for use of P1V vaccines. In humans,
efficient targeting of dendritic cells of the skin, increasing the magnitude of immune response, can be
achieved by intradermal delivery, which we thus propose for a route for NV immunization of humans.
30In the above-described experiments, we also determined whether a neutralizing  antibody response
was induced against packaging envelopes (as opposed to response to VLPs encoded by PIV
constructs and secreted by infected cells). No WN-specific neutralizing antibodies were detected by
PRNT50 in animals immunized with 5 logic FFU of the second component of VVN d-PIV, containing
the AC-prM-E deletion and thus not 5 encoding VLPs, but packaged into the WN envelope in
BHK-CprME(WN) helper cells, and no YF-specific neutralizing activity was found in sera from animals
immunized with 4 log io FFU of the second component of YF d-PIV packaged in YF envelope. No
YFspecific neutralizing response was induced by two doses of P1V-YF/WN packaged into YF
envelope, and similarly, no WN-specific response was induced by two doses of Ply- 10 JE packaged
into WN envelope. The absence of neutralizing response against packaging envelopes permits
manufacturing different PIV vaccines in one (universal) manufacturing helper cell line, or immunization
of one individual with different recombinant vaccines based on the same vector, according to the
present invention. Is NV cocktails       Because PlVs undergo a single (optionally several, but limited)
round(s) of replication in vivo, we considered that mixtures of different PIV vaccines can be
administered without interference between individual constructs in the mixture (cocktail). To elucidate
whether PIV vaccines can be used in cocktail formulations, immune 20responses in mice and
hamsters to several PIV constructs given as mixtures were compared to the same constructs given
individually. Similar results were obtained in both animal models. Results of mouse experiments are
shown in Table 6. Similar anti- JE neutralizing antibody titers were observed in pools of sera from
animals that were given one or two doses of either P1V-JE + P1V-WN mixture or PIV-JE alone (1:20
vs. 251:80 and 1:640 vs. 1:160, for one and two doses, respectively). Similarly, WN-specific titers
against PIV-JE + P1V-WN mixture and PIV-WN alone were similar (1:320 vs. 1:640 and 1:5,120 vs.
1:5,120 for one and 2 doses, respectively). No or little cross-specific response was induced by either
PIV-JE or -WN. The result was also confirmed by measuring PRNT50 titers in sera from individual
animals. Thus, it is clear that P1V 30vaccines can be efficiently administered as cocktails, inducing
immunity against two or  more flavivirus pathogens. In addition, as discussed above, various cocktails
can be made between non-flavivirus Ply vaccines, or between any of flavivirus and nonflavivirus Ply
vaccines 5 In vitro studies       Different PIV prototypes were serially passaged up to 10 times in helper
BHK cells, for s-PIVs, or in regular Vero cells, for d-PIVs. Samples harvested after each passage were
titrated in Vero cells by immunostaining. Constructs grew to high titers, and no recombination restoring
whole virus was observed. For instance, PIV-WN ioconsistently grew to titers 7-8 logio FFU/m1 in
BHK-CprME(WN) helper cells (containing a VEE replicon expressing the WN virus C-prM-E proteins),
and WN d-P1V grew to titers exceeding 8 logm FFU/ml in Vero cells, without recombination. Example
2. NV-TEE 15PIV-TBE vaccine candidates can be assembled based entirely on sequences from wt
TEE virus or the closely serologically related Langat (LGT) virus (naturally attenuated virus, e.g., wt
strain TP-21 or its empirically attenuated variant, strain E5), or based on chimeric sequences
containing the backbone (capsid and non-structural sequences) from YF 17D or other flaviviruses,
such as WN virus, and the prM-E envelope protein genes 20 from TEE, LGT, or other serologically
related flaviviruses from the TEE serocomplex. YF/TBE LAV candidates are constructed based on the
backbone from YF 17D and the prM-E genes from TEE or related viruses (e.g., the E5 strain of LGT),
similar to other chimeric LAV vaccines. Construction of PIV-TBE and YF/TBE LAV vaccine prototypes
was performed 25by cloning of appropriate genetic elements into plasmids for PIV-WN (Mason et al.,
Virology 351:432-443, 2006; Suzuki et al., J. Virol. 82:6942-6951, 2008), or plasmids for chimeric
LAVs (e.g., pBSA-AR I , a single-plasmid version of infectious clone of YF/JE LAV; WO 2008/036146),
respectively, using standard methods in the art of reverse genetics. The prM-E sequences of TEE
virus strain Hypr (GenBank accession number 30 U39292) and LGT strain E5 (GenBank accession
number AF253420) were first computer 



codon-optimized to conform to the preferential codon usage in the human genome, and to eliminate
nucleotide sequence repeats longer than 8 nt to ensure high genetic stability of inserts (if determined
to be necessary, further shortening of nt sequence repeats can be performed). The genes were
chemically synthesized and cloned into plasmids for PIV- 5 WN and YF/JE LAV, in place of
corresponding prM-E genes. Resulting plasmids were in vitro transcribed and appropriate cells (Vero
for chimeric viruses, and helper BHK cells for PIV) were transfected with RNA transcripts to generate
virus/Ply samples. YF/TBE LAV constructs 10In YF/TBE constructs containing either the TBE Hypr
(plasmids p42, p45, and p59) or LGT ES (plasmid P43) prM-E genes, two different types of the C/prM
junction were first examined (see in Fig. 6; C/prM junctions only are shown in Sequence Appendix 1,
and complete 5'-terminal sequences covering the 5'UTR-C-prM-Ebeginning of NS I region are shown
in Sequence Appendix 2). The p42-derived 15YF17D/Hypr chimera contained a hybrid YF17D/Hypr
signal peptide for the prM protein, while the p45-derived YF17D/Hypr chimera contained a hybrid YF I
7D/WN signal peptide for prM (Sequence Appendix 1). The former chimeric virus produced very high
titers at both PO (immediately after transfection) and PI (the next passage in Vero cells), up to 7.9 logo
PFU/ml, which were 0.5 logio times higher, compared to the latter virus; in 20 addition it formed
significantly larger plaques in Vero cells (Fig. 6). Thus, use of TBEspecific residues in the signal
peptide for prM conferred a significant growth advantage over the signal containing WN-specific
residues. The p43-derived YF I7D/LGT chimera had the same prM signal as the p42-derived virus; it
also produced very high titers at PO and P1 passages (up to 8.1 logo PFU/ml) and formed large
plaques. A derivative of the 25p42-derived virus was also produced from plasmid p59, which contained
a strong attenuating mutation characterized previously in the context of a YF/WN LAV vaccine virus,
specifically, a 3-a.a. deletion in the YF17D-specific C protein (PSR, residues 40-42 in the beginning of
ct-Helix 1; WO 2006/116182). As expected, the p59 virus grew to lower titers (5.6 and 6.5 logic
PFU/ml at PO and P1, respectively), and formed small 30plaques (determined in a separate titration
experiment and thus not shown in Fig. 6),  compared to the parent p42-derived chimera. These initial
observations of growth properties of YF/TBE LAV prototypes, and correlation of replication in vitro with
plaque morphologies, have been confirmed in growth curve experiments (Fig. 8). 5 PIV-TBE
constructs         PIV-WN/TBE variants were constructed, and packaged Ply samples were derived from
plasmids p39 and p40 (Fig. 7; Sequence Appendix 1 for C/prM junction sequences, and Sequence
Appendix 3 for complete 5'UTR-AC-prM-E-beginning of NS1 sequences). These contained complete
Hypr or WN prM signals, respectively. Both PlVs were 10 successfully recovered and propagated in
BHK-CprME(WN) or BHK-C(WN) helper cells (Mason etal., Virology 351:432-443, 2006; Widman et
al., Vaccine 26:2762-2771, 2008). The PO and PI sample titers of the p39 variant were 0.2- 1.0 logio
times, higher than p40 variant. In addition, Vero cells infected with p39 variant were stained brighter in
immunofluorescence assay using a polyclonal TBE-specific antibody, compared to 15p40, indicative of
more efficient replication (Fig. 7). The higher rate of replication of the p39 candidate than p40
candidate was confirmed in a growth curve experiment (Fig. 8). In the latter experiment, both
candidates appeared to grow better in the BHK-C(WN) helper cells compared to BHK-CprME(WN),
with the p39 variant reaching titer of 7 logio PFU/ml on day 5 (note that peak titers have not been
reached). The discovery of the 20 effect of prM signal on replication rates of both Ply and chimeric
LAV vaccine candidates, and head-to-head comparison of different signals to generate the most
efficiently replicating and immunogenic (see above) construct, are a distinguishing feature of our
approach. As discussed above, the invention also includes the use of other flavivirus signals, including
with appropriate mutations, the uncoupling the viral protease 25and signalase cleavages at the C/prM
junction, e.g., by mutating or deleting the viral protease cleavage site at the C-terminus of C preceding
the prM signal, the use of strong non-flavivirus signals (e.g., tPA signal, etc.) in place of prIVI signal, as
well as optimization of sequences downstream from the signalase cleavage site.              Other
PIV-TBE variants based entirely on wt TBE (Hypr strain) and LGT virus 30 (TP21 wild type strain or
attenuated E5 strain), and chimeric YF I7D backbone/prM-E 



(TBE or LOT) sequences are also included in the invention. Helper cells providing appropriate C,
C-prM-E, etc., proteins (e.g., TBE-specific) for trans-complementation can be constructed by means of
stable DNA transfection or through the use of an appropriate vector, e.g., an alphavirus replicon, such
as based on VEE strain TC-83, with antibiotic 5selection of replicon-containing cells. Vero and BHK21
cells can be used in practice of the invention. The former are an approved substrate for human
vaccine manufacture; any other cell line acceptable for human and/or veterinary vaccine
manufacturing can be also used. In addition to s-Ply constructs, d-PIV constructs can also be
assembled. To additionally ascertain safety for vaccinees and the environment, appropriate
modifications 10 can be employed, including the use of degenerate codons and complementary
mutations in the 5' and 3' CS elements, to minimize chances of recombination that theoretically could
result in viable virus. Following construction, all vaccine candidates can be evaluated in vitro for
manufacturability/stability, and in vivo for attenuation and immunogenicity/efficacy, in available
pre-clinical animal models, such as those used in 15development and quality control of TBE and YF
vaccines. Neurovirulence and neuroinvasiveness in mice ofRIV-TBE and YF/TBE LAV constructs
Young adult ICR mice 3.5 week-old), were inoculated with graded doses of PIV-TBE and YF/TBE LAV
candidates by the IC route to measure neurovirulence, or IP 20route to measure neuroinvasiveness
(and later immunogenicity/efficacy). Animals that received 5 logio FFU of P1V-Hypr (p39 and p40)
variants by both routes survived and showed no signs of sickness, similar to mock-inoculated animals
(Table 7), and thus PIVTBE vaccines are completely avirulent. Mice inoculated IC with YF I 7D control
(1 -3 logio PFU) showed dose-dependent mortality, while all animals inoculated IP (5 logio 25PFU)
survived, in accord with the knowledge that YF 17D virus is not neuroinvasive. All animals that
received graded IC doses (2 - 4 log to PFU) of YF/TBE LAV prototypes p42, p45, p43, and p59 died
(moribund animals were humanely euthanized). These variants appear to be less attenuated than YF
17D, e.g., as evidenced by complete mortality and shorter AST at the 2 logio PFU dose, the lowest
dose tested for YF/TBE LAV candidates. 30 The non-neurovirulent phenotype of P1V-TBE, virulent
phenotype of YF/TBE LAV and  intermediate-virulence phenotype of YF 170 are also illustrated in Fig.
9, showing survival curves of mice after IC inoculation. It should be noted that the p43 (LGT prM-E
genes) and p59 (the dC2 deletion variant of YF/Hypr LAV) were less neurovirulent than p42 and p45
YF/Hypr LAV constructs as evidenced by larger AST values for 5corresponding doses (Table 7). In
addition, p43 and p59 candidates were non- neuroinvasive, while p42 and p45 caused partial mortality
after IP inoculation (5 logio PFU/dose) (Table 7; Fig. 10). It should be noted however that all the
YF/TBE LAV constructs were significantly attenuated as compared to wt TBE viruses, e.g., compared
to wt TBE Hypr virus, which is uniformly highly virulent for mice, both at very low IC to(LD50- 0.1 PFU)
and IP (LD50 10 PFU) doses (Wallner et al., J. Gen. Virol. 77:1035- 1042, 1996; Mandl et al., J. Virol.
72:2132-2140, 1998; Mandl et al., .1. Gen. Virol. 78:1049-1057, 1997 Immunogenicitylefficacy of
PIV-TBE and YF/TBE LAV constructs in mice 15TBE-specific neutralizing antibody responses in mice
immunized IP with one or two doses of the PIV-TBE or YF/TBE LAV variants described above, or a
human formalin-inactivated TBE vaccine control (1:30 of human dose) are being measured. Animals
have been challenged with a high IP dose (500 PFU) of wt Hypr TBE virus; morbidity (e.g., weight
loss), and mortality after challenge are monitored. 20 Immunogenicity/efficacy of PIV-TBE and YF/TBE
LAV constructs in mice 



I BE-specific neutralizing antibody responses in mice immunized IP with one or two doses of the
PIV-TBE or YF/TBE LAV variants described above (from experiment in Table 7), or a human
formalin-inactivated TBE vaccine control (1:20 of human dose; 25 one or two doses), or YF 170 and
mock controls, were measured on day 20 by PRNTso against wt TBE Hypr virus (Table 8; second
dose of indicated test articles was given on day 14). [Titers were determined in individual sera, or
pooled sera from two animals in most cases, or pooled sera from 4 animals for the YF17D and Mock
negative controls]. Titers in individual test samples as well as GMTs for each group are provided in
Table 8. 30Titers in test samples were similar within each group, e.g., in groups immunized with  PIVs,
indicating high uniformity of immune response in animals. As expected, no TBE-specific neutralizing
antibodies were detected in negative control groups (YF 17D and Mock; GMTs < 1:10); accordingly,
animals in these groups were not protected from challenge on day 21 post-immunization with a high IP
dose (500 PFU) of wt Hypr THE 5virus. Mortalities from partial observation (on day 9 post-challenge;
observation being continued) are provided in Table 8, and dynamics of average post-challenge body
weights indicative of morbidity are shown in Fig. II. Neutralizing antibodies were detected in killed
vaccine controls, which were particularly high after two doses (GMT 1:1,496); animals in the 2-dose
group were completely protected in that there was no mortality or 10body weight loss (but not animals
in the I -dose group). Animals that received both one and two doses of P1V-Hypr p39 had very high
antibody titers (GMTs 1:665 and 1:10,584) and were solidly protected, demonstrating that robust
protective immunity can be induced by s-PIV-TBE defective vaccine. The two animals that survived
immunization withYF/Hypr p42 chimera (see in Table 7) also had high antibody titers (GMT 1:6,085)
and 15were protected (Table 8; Fig. II). Interestingly, PIV-Hypr p40 and YF/Hypr p45 were poorly
immunogenic (GMTs 1:15 and 1:153 for one and two doses, and 1:68, respectively). As discussed
above, these contained WN-specific sequences in the signal for prM, while the highly immunogenic
PIV-Hypr p39 and YF/Hypr p42 constructs contained THE-specific signal sequences. In agreement
with discussion above, this result 20demonstrates the importance of choosing the right prM signal,
e.g., the TBE-specific signal, to achieve high-level replication/VLP secretion, which in this experiment
in vivo resulted in drastically different immune responses. lmmunogenicity of YF/LGT p43 and YF/Hypr
dC2 p59 chimeras was relatively low which could be expected, because of the use of a heterologous
envelope (LGT, different from challenge TBE virus) and high 25attenuating effect of the dC2 deletion,
respectively. Example 3. Foreign gene expression           In the examples of recombinant PIV
constructs described below, genes of interest were codon optimized (e.g., for efficient expression in a
target vaccination host) 30and to eliminate long nt sequence repeats to increase insert stability (> 8 nt
long;  additional shortening of repeats can be performed if necessary), and then chemically
synthesized. The genes were cloned into P1V-WN vector plasmids using standard methods of
molecular biology well known in the art, and packaged PlVs were recovered following in vitro
transcription and transfection of appropriate helper (for s-PIVs) or regular (for d-PIVs) cells. Expression
of rabies virus G protein in W1V s-PIV and d-PIV          Rabies virus, Rhabdoviridae family, is a
significant human and veterinary pathogen. Despite the availability of several (killed) vaccines,
improved vaccines are still 10needed for both veterinary and human use (e.g. as an inexpensive
pre-exposure prophylactic vaccines). Rabies virus glycoprotein G mediates entry of the virus into cells
and is the main immunogen. It has been expressed in other vectors with the purpose of developing
veterinary vaccines (e.g., Pastoret and Brochier, Epidemio. Infect. 116:235- 240, 1996; Li et al.,
Virology 356:147-154, 2006). 15Full length rabies virus G protein (original Pasteur virus isolate,
GenBank accession number NC_001542) was codon-optimized, chemically synthesized, and 



inserted adjacent to the AC, AprM-E and AC-prM-E deletions in PIV-WN vectors (Fig. 12). The
sequences of constructs are provided in Sequence Appendix 4. General designs of the constructs are
illustrated in Fig. 13. The entire G protein containing its own signal 20 peptide was inserted in-frame
downstream from the WN C protein either with the AC deletion (AC and AC-prM-E constricts) or
without (AprM-E) and a few residues from the prM signal. Foot and mouth disease virus (FMDV) 2A
autoprotease was placed downstream from the transmembrane C-terminal anchor of G to provide
cleavage of C-terminus of G from the viral polyprotein during translation. The FMDV 2A element is
25followed by WN-specific signal for prM and prM-E-NS1-5 genes in the AC construct, or signal for
NS1 and NS 1-5 genes in AprM-E and AC-prM-E constructs.         Packaged WN(AC)-rabiesG,
WN(AprME)-rabiesG, and WN(ACprME)-rabiesG PlVs were produced by transfection of helper BHK
cells complementing the PIV vector deletion [containing a Venezuelan equine encephalitis virus (strain
TC-83) replicon expressing WN 30virus structural proteins for trans-complementation]. Efficient
replication and expression of  rabies G protein was demonstrated for the three constructs by
transfection/infection of BHKC(WN) and/or BHK-C-prM-E(WN) helper cells, as well as regular BHK
cells, by immunostaining and immunofluorescence assay (IFA) using anti-Rabies G monoclonal
antibody (RabG-Mab) (Fig. 14). Titers were determined in Vero cells by immunostaining 5 with the
Mab or an anti-WN virus polyclonal antibody. Growth curves of the constructs in BHK-CprME(WN)
cells after transfection with in vitro RNA transcripts are shown in Fig. 14, bottom panels. The PlVs
grew efficiently to titers - 6 to >7 logioFFU/ml. Importantly, nearly identical titers were detected by both
RabG-Mab and WN-antibody staining, which was the first evidence of genetic stability of the insert. In
PIV-infected Vero cells, which 10 were fixed but not permeabilized, strong membrane staining was
observed by RabG-Mab staining, demonstrating that the product was efficiently delivered to the cell
surface (Fig. 15). The latter is known to be the main prerequisite for high immunogenicity of expressed
G. Individual packaged PlVs can spread following infection of helper BHK cells, but cannot spread in
regular cells as illustrated for WN(AC)-rabiesG P1V in Fig. 16. The fact that there 15is no spread in
nave BHK cells demonstrates that the recombinant RNA genomes cannot be non-specifically
packaged into membrane vesicles containing the G protein, if produced by Ply infected cells. An
identical result was obtained with the G protein of another rhabdovirus, Vesicular stomatitis virus
(VSV), contrary to previous observations of nonspecific packaging of Semliki Forest virus (SFV)
replicon expressing VSV G protein (Rolls 20et al., Cell 79:497- 506, 1994). The latter is a desired
safety feature. [Alternatively, some non-specific packaging could result in a limited spread of PIV in
vivo, potentially enhancing anti-rabies immune response. The latter could be also a beneficial feature,
given that such PIV is demonstrated to be safe]. The stability of the rabies G insert in the three PlVs
was demonstrated by serial passages in helper BHK-CprME(WN) cells at high or low M01(0.1 or
250.001 FFU/cell). At each passage, cell supernatants were harvested and titrated in regular cells
(e.g., Vero cells) using immunostaining with an anti-WN polyclonal antibody to determine total PIV
titer, or anti-rabies G monoclonal antibody to determine titer of particles containing the G gene
(illustrated for MOI 0.1 in Fig. 17; similar results were obtained at MOI 0.001). The WN(AC)-rabiesG
PIV was stable for 5 passages, while the titer of insert- 30containing PIV started declining at passage
6, indicative of insert instability. This could be  expected, because in this construct, large G gene
insert1500 nt) is combined with a small AC deletion (- 200 nt), significantly increasing the overall size
of the recombinant RNA genome. In contrast, in WN(AprME)-rabiesG, and WN(ACprME)-rabiesG
PlVs, the insert is combined with a much larger deletion (- 2000 nt). Therefore, these constructs stably
5maintained the insert for all 10 passages examined (Fig. 17). Further, it can be seen in Fig. 17 that at
some passages, titers as high as 8 logio FFU/ml, or higher, were attained for all three PlVs,
additionally demonstrating that PlVs can be easily propagated to high yields.       Following inoculation
in vivo individually, the WN(AC)-rabiesG s-Ply is expected to induce strong neutralizing antibody
immune responses against both rabies and WN viruses, io as well as T-cell responses. The
WN(AprME)-rabiesG and WN(ACprME)-rablesG PlVs will induce humoral immune response only
against rabies because they do not encode the WN prM-E genes. WN(AC)-rabiesG s-Ply construct
can be also co-inoculated with WN(AprME)-rabiesG construct in a d-PIV formulation (see in Fig. 12),
increasing the dose of expressed G protein, and with enhanced immunity against both pathogens due
to limited 



15spread As an example of spread, titration results in Vero cells of a s-Ply sample,
WN(AprME)-rabiesG, and a d-PIV sample, WN(AprME)-rabiesG + WN(AC) P1V (the latter did not
encode rabies G protein), are shown in Fig. 18. Infection of nave Vero cells with s- PIV gave only
individual cells stainable with RabG-Mab (or small clusters formed due to division of cells). In contrast,
large foci were observed following infection with the d-PIV 20sample (Fig. 18, right panel) that were
products of coinfection with the two PIV types.       The WN(ACprME)-rabiesG construct can be also
used in a d-P1V formulation, if it is co-inoculated with a helper genome providing C-prM-E in trans (see
in Fig. 12). For example it can be a WN virus genome containing a deletion of one of the NS proteins,
e.g., NS 1, NS3, or NS5, which are known to be trans-complementable (Khromykh et al., J. Virol.
2573:10272-10280, 1999; Khromykh et al., J. Virol. 74:3253-3263, 2000). We have constructed a
WN-ANS I genome (sequence provided in Sequence Appendix 4) and obtained evidence of
co-infection with WN(AprME)-rabiesG or WN(ACprME)-rabiesG constructs, and spread in vitro, by
immunostaining. In the case of such d-PIVs, rabies G protein can be also inserted and expressed in
helper genome, e.g., WN-ANS1 genome, to increase the 30amount of expressed rabies G protein
resulting in an increased anti-rabies immune response.  As with any dPIV versions, one immunogen
can be from one pathogen (e.g., rabies G) and the other from a second pathogen, resulting in three
antigenic specificities of vaccine. As discussed above, ANSI deletions can be replaced with or used in
combination with ANS3 and/or ANS5 deletions/mutations, in other examples. 5 Expression of RSV F
protein in [VAT s-PIV and d-PIV       Respiratory syncytial virus (RSV), member of Paramyxoviridae
family, is the leading cause of severe respiratory tract disease in young children worldwide (Collins
and Crowe, Respiratory Syncytial Virus and Metapneumovirus, In: Knipe et al. Eds., Fields Virology,
5th ioed., Philadelphia: Wolters Kluwer/Lippincott Williams and Wilkins, 2007:1601-1646). Fusion
protein F of the virus is a lead viral antigen for developing a safe and effective vaccine. To avoid
post-vaccination exacerbation of RSV infection observed previously with a formalin-inactivated vaccine
candidate, a balanced Thl/Th2 response to F is required which can be achieved by better TLR
stimulation, a prerequisite for induction of high-affinity 15antibodies (Delgado et al., Nat. Med.
15:34-41, 2009), which should be achievable through delivering F in a robust virus-based vector. We
have previously demonstrated the capacity of yellow fever virus-based chimeric LAV vectors to induce
a strong, balanced Thl/Th2 response in vivo against an influenza antigen (WO 2008/036146). In the
present invention, both yellow fever virus-based chimeric LAVs and PIV vectors are used for delivering
RSV F 20to induce optimal immune response profile. Other LAVs and PIV vectors described herein
can also be used for this purpose.       Full-length RSV F protein of A2 strain of the virus (GenBank
accession number P03420) was codon optimized as described above, synthesized, and cloned into
plasmids for PIV-WN s-Ply and d-PIV, using the insertion schemes shown in Fig. 12 and 13 for rabies
G 25protein, by applying standard methods of molecular biology. Exact sequences of the insertions
and surrounding genetic elements are provided in Sequence Appendix 5. In vitro RNA transcripts of
resulting WN(AC)-RSV F, WN(AprME)- RSV F, and WN(ACprME)- RSV F PIV constructs were used
to transfect helper BHK-CprME(WN) cells. Efficient replication and expression of RSV F protein was
first demonstrated by immunostaining of 30 transfected cells with an anti-RSV F Mab, as illustrated for
the WN(AprME)- RSV F  construct in Fig. 19. The presence of packaged PlVs in the supernatants from
transfected cells (titer as high as 7 log)0 FFU/ml) was determined by titration in Vero cells with
immunostaining. Additionally, similar constructs can be used that contain a modified full length F
protein gene. Specifically, the N-terminal native signal peptide of F is replaced in 5 modified F protein
with the one from rabies virus G protein. The modification is intended to elucidate whether the use of a
heterologous signal can increase the rate of F protein synthesis and/or replication of PlVs. Table I. Ply
prototype constructs used in platform development studies 



Construct Genetic composition Packaged in P1V-WN wt NY99 WN virus WN envelope;
BHK-CprME(WN) or BHK-C(WN) helper cells (Mason et al., Virology 2006, 353:43243; Widman et al.,
Vaccine 2008, 26:2762-71) P1V-YFTWN Envelope (VLF): wt WN NY99 Backbone: YF I7D YF I 70
envelope; BHK-CmME(YE) helper cells (Widman et al., Adv Virus Res. 2008, 72:77-126) PIV-WN/JE
Envelope (VLP): wt JE Nakayama Backbone: wt WN NY99 JE or WN envelope; BHK-C(WN) or
BHKCprME(WN) helper cells (Ishikawa et al., Vaccine 2008, 26:2772-8) PIV-YF YF I70 YF I7D
envelope; B1IK-CprME(YF) or BHK-C(YF) helper cells (Mason et al., Virology 2006, 351:432- 43)  10
Table 2. Safety: Suckling mouse neurovirulencel Construct Doses (logio) Mortality (%) AST (days)'
PIV-YF 1 -4 0/10(0%) na PIV-WN 



2 - 5 0/10(0%) na PIV-WN/JE 1 - 4 0/11(0%) na P1V-YF/WN I - 4 0/10-11(0%) na WN d-PIV 1-4
0/10-11 (0%) na YF d-PIV 1 - 4 0/10(0%) na YF17D 2 I 0 -1 10/10 (100%) 10/10 (100%) 9110(90%)
3/10(30%) 7.6 9.3 9.9 9.6   YF/JE 4 3 9111(82%) 



7/10(70%) 9.7 12.3  2 3/11 (27%) 12  1 0/11 (0%) na YF/WN 3 2/11 (18%) 12.5  0-2 0/10-11 (0%) na
'Single dose, IC inoculation, ICR 5-day old mice, graded log doses administered. 2AST for mice that
died; na, not applicable. Group Dose PRNT Day 20  PANT Day 34  Post-challenge mortality (%)
P1V-WN105 640 



__  1280 ._ 0/8(0%) 106 1280 J 2560  1/8(12.5%) 106 +io L2560  2560 Jt 0/6(0%) YF/WN control104
1280  2560  1/8 (12.5%) P1V-WN/JE104 10  20 N/D 105 



20  20 _ N/D 105+105 70  160_ HNit) YF/JE control104 160  320 N/D PIV-YF 104 <10  <10 8/8(100%)
105 <10  <10  517(71%) 105+105 10 



10  i 2/5 (40%) YF17D control104 640  1280  0/7(0%) Mock control - WN challengeDiluent N/D  0 7/7
(100%) - YF challengeDiluent N/D  0 8/8(100%)  IP immunization (d0 prime, and d21 boost in select
groups); challenge on d35: wt WN NY99, 3 logio PFU IP, 270 LD50; wt YF Asibi, 3 logio PFU IC, 500
LD50; N/D, not determined.  Table 4. PIV are immunogenic in hamsters and protect against challenge
Group Dose(s)  PANT Day 38  



POST-CHALLENGE      Mortality Morbidity Peak viremia (log) V-WN F/WN control 105 106 locios 104
320  0/5 (0%)0/5(0%)2.3    640 _ j __ 'I 0/5(0%)0/5(0%)IL   



L_ 1280 >2560  _ _ 0/5_ (0%)___: _0/5__(0%)ji_<13 _ 0/5 (0%)0/5 (0%)<1.3 P1V-VVN/JE F/JE
control 104 '05+105 104  Lo 20 2/5 (40%)2/5 (40%) - 0/5(0%)0/5 (0%)'; 2.2 <1.3 1.3    2560 0/5
(0%)0/5 (0%)  PIV-YF YF17D control 104 103 



105+103 104  <10 <10 1/3(33%) 1/5 (20%) , 3/3 (100%) 4/5(80%) 0/4(0%)11 0/4 (0%) 83 8.3 2.5 '   I
20 ;T0/4(0%)i 0/4(0%)      >2560   <1.3 Mock controlWN challenge 



- YE challenge - JE challen e Diluent Diluent Diluent  <10 <10 <10 3/4(75%)4/4 (100%)4.0
1/4(25%)4/4(100%)8.4 2/5 (40%)2/5 (40%)3.0     'Syrian hamsters, SC inoculation (do, and d21 in
select groups); challenge (d39): wt WN NY385/99 6 logio 5PFU IP, wt ME Nakayama 5.8 logloPFU IC,
or hamster-adapted YF Asibi 7 logio PFU LP (McArthur et al., J. Virol. 77:1462-1468, 2003; McArthur
et al., Virus Res. 110:65-71, 2005).  5Table 5. Immunization of hamsters with PIV: comparison of SC
and IP routes lnoculums PR.NT Day 20-21 Boost (logio) PRNT Day 34-38  SC II'  SC IP PIV-WN
PIV-YFTWN 40 



10 320 320 5 5 1280 160 1280 1280 PIV-WN/JE 10 80 5 40 640 PIV-YF <10 10 5 20 80 Table 6.
Immune responses to NV cocktails mice . roup Dose PRNT Day 20 PRNT Day 34   



Anti-JE Anti-WN Anti-JE Anti-WN  IV-WN/JE + RV-WN 10Os 20 20 640 5120, : PIV-WN/JE alone 105
80 <10 160 20  [PIV-WN alone 105 <10 640 <10 5120  Mock - 



<10 <10 <10 <10  C57/BL6 mice, IP inoculations on days 0 and 21; pooled serum PANT titers.  Table
7. Neurovirulence (IC inoculation) and neuroinvasiveness (IP inoculation) of PIVTBE and YF/TBE
vaccine constructs in adult ICR mice Construct Neurovirulence (IC route) Neuroinvasiveness (IP route)
Dose(s) (login) Mortality i%) AST, days' Dose(s) (logw) Mortality rio) AST, days' na PIV-Hypr p39 5
0/7(0%) na 



5 0/16(0%)  PIV-Hypr p40 5 0/6(0%) Ila 5 0/16(0%) na YF/Hypr p42 4 8/8(100%) 6.3 5 6/8(75%) 133
3 8/8(100%) 6.4     2 8/8(100%) 7.4  



YF/LGT p43 4 8/8 (100%) 7.9 5 0/8(0%) na  3 8/8000%) 7.6     2 8/8(100%) 8.4    YF/Hypr p45 4 8/8
(100%) 6.1 5 5/8(62.5%) 



11.2  3 8/8(100%) 6.6     2 8/8 (100%) 6.8    YF/Hypr dC2 p59 4 8/8(100%) 6.6 5 0/8 (0%) na  3
8/8000%) 7.4    



2 8/8000%) 8.1    YF I7D 3 8/8000%) 9 5 0/8(0%) na  2 7/8 (87.5%) 9.6      1 4/8(50%) 10    



Mock (diluent) none 0/8 (0%),_ na none 0/8 (0%) na 'AST for mice that died. Table 8. Neutralizing
antibody titers (PRNT50) in mice immunized IP (determined against wt TBE virus Hypr), and protection
from challenge (postchallenge observation, day 9) Immunogen Dose(s), logio PRNT50 titer, individ.
samples' PRNTso GMT Postchallenge mortality (%) on da 92 PIV-Hypr p39, 1 dose 5 1746 (2) 665
0/8(0%)   1187 (2)     164 (2)  



574 (2)   PIV-Hypr p39, 2 doses 5+5 16229 (2) 10,584 0/8 (0%)   12928 (2)     12927 (2)     4627 (2)
P1V-Hypr p40, 1 dose  <10(2) 



15 6/8(75%)   <10 (2)     18 (2)     33 (2)   PIV-Hypr p40,2 doses 5+5 169 (2) 153 1/8(12.5%)   638 (2)



26 (2)     192 (2)   YF/Hypr p42 5 9210 (1) 6,085 0/2(0%)   4020 (1)   YF/LGT p43 5 123 (2) 64 1/8
(12.5%)    32 (2) 96 (2) 45 (2) 



YF/Hypr p45 5 292 (2) 68 0/3 (0%)   16 (1)   YF/Hypr dC2 p59 5 194 (2) 68 0/8 (0%)   93 (2)     45 (2)



26 2)   Killed human TBE vaccine, 1 1120 19 (2) 12 1/8(12.5%) dose (at 1/20 of human dose)  <10(2)
13 (2)     <10 (2)   Killed human TBE vaccine, 2 1/20+1/20 3435 (2) 1,496 0/6 (0%) doses (each at
1/20 of human 



1267 (2)   dose)  770 2)   YF I 7D control  <10 (4) <10 5/8 (62.5%   11 (4)   Mock none <10 (4) <10 4/8
(50%)   <10 (4)   



'Numbers in parenthesis correspond to number of mice in each pooled serum sample tested.
2Mortalities on day 9 are shown. Table 9. Examples of published attenuating E protein mutations that
can be used for attenuation of chimeric TBE LAV candidates Residue Domain Comments Attenuation
in Reference N52R II DI- DII hinge, possibly involved in hinge motion required for fusion activation JE,
YF Hasegawa at al, 1992, Schlesinger at at, 1996 EB4K II conserved, E in TBE, KJR in others,
attenuated by passage in trades ricinus ticks, DII contains flavivirus cross reactive epitopes TBE
Labuda et al, 1994 E85K II  conserved, E in TBE, K/R in others, attenuation obtained as plaque
variants in . Vero cells, DII contains flavivirus cross reactive epitopes JE Wu et al, 1997 H104K II
within highly conserved fusion peptide (aa 98-113), H in TBE, Gin others TBE Rey at al, 1995 L107F 



II within highly conserved fusion peptide (aa 98-113), L in all flaviviruses, F in attenuated JE TBE, JE,
WN Rey et al, 1995, Arroyo at al, 1999, 2004 7123K 11 DI- DII hinge, Tin TBE, A in KFD TBE
Holzmann at al, 1997 K126E II DI- DII hinge, K in TBE, E in 0-2 DEN2 Bray, 98 K1 36E II DI- DII
hinge, K in TBE and JE. En 0-2 JE  N154L(Y) I glycosytation site, packed with conserved H 104,
involved in fusion. DEN2, OEM, YF Guirakhoo et al, 1993, Pletnev at al, 1993, Kawano et al, 1993,
Jennings at al, 1994 K171E I external edge of DI, involved in fusion TBE Mandl, 1989, Holzmann,
1997 



I173T  external edge of DI, involved in fusion YF Chambers and Nickells 2001 D181Y  DI- 011 hinge
TBE Holzmann et al, 1997 K204R  Lining Hydrophobic pocket, involve in DEN1, DEN3 Guirakhoo at
al, 2004    fusion   P2725 II highly conserved, junction of one the of 2 alpha helices JE Cecilia et al,
1991 G308N 111 'cell attachment, DKT in TBE, EGS in KFD, T- X in others, change to N produced
glycosylafion site in LI and reduced virulence N-X-T/S qtycosylation motif 



LI Jiang et al, 1993, Gao et al, 1994 S310K III putative cell attachment, change from E to Gin JE
reduced virulence JE Jiang et al, 1993, Gao et al, 1994, Wu et al, 1997 K311E III highly conserved,
putative cell attachment TBE, YF Rey et al, 1995, Jennings, 1994 7333L III putative cell attachment
YF, LOT Raynman et al, 1998 0334K III putative cell attachment YF Chambers and Nickells, 2001
S335K III putative cell attachment JE Wu et al, 1997 K3360 III 



putative cell attachment JE Cecilia and Gould, 1991 P3370 III putative cell attachment JE Cecilia and
Gould, 1991 0368R III putative cell attachment TBE, JE Holzman et al 1997, Hasegawa et at 1992
Y384H 111 change to H attenuated TBE, putative cell attachment, -3 position to deleted RGD in TBE
TBE Holzmann et al, 1990 V385R III conserved, -2 position to deleted RGO in TBE, putative cell
attachment 02 Hiramatsu et al, 1996, Lobigs, 1990 G386R III highly conserved, -1 position to deleted
RGD in TBE, putative cell attachment D2, MVE Hiramatsu, 1996, Lobigs et al, 1990 E387R 



III conserved, +2 position to deleted ROD in TBE, putative cell attachment 02, MVE Hiramatsu, 1996,
Lobigs et al, 1990 F403K none highly conserved, C-terminal region not included in crystal structure sE
0-2, 0-4 Kawano et al, 1993, Bray et al, 1998 H438Y None highly conserved, C-terminal region not
included in crystal structure sE LOT Campbell and Pletnev 2000 H496R none highly conserved,
C-terminal region not included in crystal structure sE TBE Gritsun et al, 2001  References: Hasegawa
et al., Virology 191(I):158-165; Schlesinger et al., J. Gen. Virol. 1996, 77 ( Pt 6):1277-I285, 1996;
Labuda et al., Virus Res, 31(3):305-315, 1994; Wu et al., Virus Res. 51(2):173-181, 1997; Holzmann
et al., J. Gen. Virol. 78 (Pt 1):31-37, 51997; Bray et al., J. Virol. 72(2):1647-1651, 1998; Guirakhoo et
al., Virology 194(1):219- 223, 1993; Pletnev et al., J. Virol. 67(8):4956-4963, 1993; Kawano et al., J.
Virol. 67(11):6567-6575, 1993; Jennings et al., J. Infect. Dis. 169(3):512-518, 1994; Mandl et al., J.
Virol. 63(2):564-571, 1989; Chambers et al., J. Virol. 75(22):10912-10922, 2001; Cecilia etal., Virology
181(0:70-77, 1991; Jiang et al., J. Gen. Virol. 74 (Pt 5):931-935, io1993; Gao et al., J. Gen. Virol. 75
(Pt 3):609-614, 1994; Holzmann etal., J. Viral. 64(10):5156-5159, 1990; Hiramatsu et al., Virology
224(2):437-445, 1996; Lobigs et al., Virology 176(2):587-595, 1990; Campbell et al., Virology
269(1):225-237, 2000; Gritsun et al., J. Gen. Virol. 82(Pt 7):I667-1675, 2001. 15    
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kliSH   88 at4 0 8 > 8u ca 88 a 0808 068 86 lb    Sequence Appendix 4. VVN PIV constructs
expressing rabies virus G protein. WN (ACprME)-Rabies PIV sequence (partial) N-terminus of C 5
IGIR 1 AGTAGTIGGC CTGTGTGAGC TGAPAsACTT AGTAGTOTTT GTGAGGATTA ACAACAATTA
ACACAGTGCG AGCTGITTCT TAGCACY4441 ATCTCGATGT TCATCA^GCG GACACACTCG
ACTGTTTGAA TCATCACAAA CACTCCTAAT TOTTGITAAT TGTGTCACGC TCGACAAAGA
ATCGTGCTTC TAGAGCTACA N-terminus of C -KKP GO,IR GKSR AV Y LLK ROMP RV I. SLI
CLIC() KKR 101 CTAAGAAACC Ancacraccce GGCAAGAGCC GGGCTGTCTA CTAAAA
CGCGGAATGC CCCGCGTGTT GTCCTTGATT GGACTTAAGC AAAAGAAGCG GATTCTITGG
TCCTCCCGGO CUa LI CTCGG CCCGACAGAT AAACGATTTT GCGCCTTACG GGGCGCACAA
CAGGAACTAA CCTGAATTCG TTITCTTCGC N-terminus of CRabies-G signal partial C
signalRabies-0 protein   



-GOIC TO IA VIV PQA LI. FV P L L VFP LCF0 FIFE'ITT  201 AGGGGGCAAG ACTGGTATAG
CTGTGATCGT TCCIGAGGCT CTTITGITTG TACCCITGCT GOTATTTCCC cs  n,Crrro
GTAAATTTCC TATCTATACC TCCCCCGTTC TGACCATATC GACACTAGCA AGGAGTCCGA
GAAAAC44AC ATCIGGAACGA CCATAAAGGG GAAACGAAAC CATTTAAAGG ATAGATATGO
Rabies-G protein IPOK LOP MS p mmII RCS CPN NLVV EDE OCT 301 ATCCCTGATA
ACCIGGGGCC TTGGAGTCCC ATTGATATTC ACCATTTGAG CTGCCCAAAC AACCTCGTCG
TTGAGGATGA AGGGTGCACT AATCTITCTG TAGGGACTAT TCGAGCCCGG AACCTCAGGG
TAACTATAAC TGGTAAACIG GACGGGTTTG TIGGAGCAGC AACTCCTACT TCCCACGTGA
TTAGAAAGAC Rabies-G protein  FSY MEL KVGY ISA 'KM CTG VVT EAST ITN- 401 GATTTTCCTA
CATGGAGTTG AAAGTGGGCT ATATITCAGC CATTAAGATG AACGOCITTA CTTGTACAGG
AGTCGTGACC GAAGCCGAGA CATATACAA4 CTAAAAGGAT GTACCIGAAC TTTCACCCGA
TATikannTCG GTAATTCTAC ITGCCGAAAT GAACATGTCC TCAGCACTGG CTTCGGCTCT
GTATATGITT Rabies-G protein -SVC YVTT TFK RKH FR PT FDA CR A A "(NW KMA GDP 501
TTTCGTGGGA TACGTCACCA CCACCTTCAA ,GAGAAAACAC TTCCGCCCAA CGCCTGACGC
TTGTCGGGCC GCTIACAACT GGAAGATGGC AGGAGATCCT AAAGCACCCT ATGCAGTGGT
GGTGGAAGTT CrCTTTTGIG AAGGCOGGIT GCGGACTGCG AACAGCCCGG CGAATGTTGA
CCTTCTACCG TCCTCTAGGA Rabies-G protein RYES $LII NPY PD YE HLR TVK TTKE $LV IIS
PSVA 601 CGATATGAAG AATCTCTGCA CAACCCGTAT CCTGATTACCATIGGCMCG
GACAGTCAAG ACTACCAAGG AGAGTCTGGT CATTATATCA CCAAGCGTGG OCTATACITC
TTAGAGACGT OTTOGGCATA OGACTAATOG TAACCGACGC CTGTCAGTTC TGATGGTTCC
TCTCAGACCA GTAATATAGT GG1TCGCACC Rabies-,Q protein  OLD PYD RSLH SRV PPG ON CS
OVA VSS TICS TNH 701 CCGATCTIGA TCCITATGAT AGATCCCTGC ACAGTAGGGT
TTITCCTOGC GGGAATIGTA GCGGTGITGC AGTATCAAGT ACCTACTGCT CCACTAACCA
GGCTAGAACT AGGAATACTA TCTACnnACG TGTCATCCCA AAAAGGACCG CCCTTAACAT
CGCCACAACG TCATAGTTCA TGGATGACGA GGTGATTGGT Rabies-G protein  D YT IHMP ENG
RLG MS CD IFT NSR OKRA SKG SET 801 CGACTACACT ATATGGATOC CTGAGAACCC
TCGACTCOGT ATGAGTTGCG ACATTTTTAC GAACTCACGG GGCAAGCGGG CATCTAAGGG
GTCTGAAACA GCTGATGTGA TATACCTACG GACTCPTGGG AGCTGAGCCA TACTCAACGC
TGTAAAAATG CTTGAGTGCC CCOTTCGCCC GTAGATTCCC CAGACiin. Rabies-G protein  CGF V
PER GLY KSLK GAC KLK LCGV LGL RLM DGTII 901 TGCGGGITTG TTGATGAGCG
GGGGTTGTAT AAATCTCTTA AAGGCGCCTG TAAGCTGAAA CTCTGTGGCG TACTGGGGCT
GCGCCIGATG GACGGCACAT ACGCCCAAAC AACTACTCGC CCCCAACATA TITAGAGAAT
TTCOGCGGAC ATTCGAC717 GAGACACCGC ATGACCCCGA CGCGGACTAC CTGCCGTGTA 



Rabies-G protein  VAM OTS NETK 3/CP PGC) LVNL HDP It SD EIKE LVV 1001 GGGTGGCTAT
GemcCAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG CTGGTTAATC 'TGCACGACTT
TAGGTCTGAC GAAATCGAGC ACCTTGTGGT CCCACCGATA COTCTOTTCG 7"TACTTTGTT
TCACCACAGG GGGACCAGTC GACCAATTAG ACGTGCTGAA ATCCAGACTG CTTTAGCTCG
TGGAACACCA Rabin-G protein  -EEL VK'FI 11 EEC DDA LESI MT T KSV SPRR LEH LEK 1101
GGAGGAACTG GTGAAGAAAC GCGAAGAGTG CCIGGACGCA CTTGAGAGTA TTATGACCAC
CAAATCCGT1' TCCTTCAGAA GACTGAGCCA CCTGCGAAAG CCTCCTTGAC CACITCrITG
CGCTTCTCAC GGACCIOCGT GAACTCTCAT AATACTGGTG GTTTAGGCAA AGGAAGTCIT
CTGACTCGGT GGACGCTITC Rabies-G protein  VPG PGK AYTFISK TLM EAD ANTIC SVR TWN
ElIP 120CTGGTGCCAG GGTTCGGGAA GGCITATACT ATTTTCAACA AGACTCTTAT
GGAGGCGOAT GCCCATTATA AGTCACITAG GACITGGAAT GAGATAATTC GACCACOGTC
CCAAGCCCTT CCGAATATGA TAAAA61n,f TCTGAGAATA CCTCCGCCTA CGGGTAATAT
TCAGTCAATC CTGAACCITA CTCTATTAAG Rabies-G protein  SEG CLR VGGR CHP HVN GlIFF
NGI EGG PD GM V LI 1301 CCTCCAAAGG ATGTCTGAGA GTCGGTGGGA GATGCCACCC
CCATGTCAAT G00,7TOTTCT TTAACGGAAT CATCCTGGGA CCTGACGGGA ACGTGCTGAT
GGAGGTTTCC TACAGACTCT CAGCCACCCT CTACGGTGGG GGTACAGTTA CCCCACAAGA
AATTGCCTTA GTAGGACCCr GGACTGCCCr TGCACGACTA Rabies-G. protein  PEM QSSL LQQ
81W E LLVS SV I PLM HPLA DPS TVF 1401 TCCCGAGATG CAATCTTCCC TTCTGCAGCA
ACACATGGAA CTCCTGGTGT CTTCAGTGAT ACCCCTGATG CACCCACMG CCGACCCCAG
CACTGTGTTC AGGGCTCTAC GTTAGAAGGG AAGACGTCGT TGTGTACCTT GAGGACCACA
GAI?GTCACTA TGGGGACTAC GTGGGTGACC GGCTGOGGI'C GTGACACAAG Rabies-G protein
NGD EAE DPV EVHL pDV HER ISGV DLG LPN WOK Y 1501' AAAAATGG03 ATGAGGCCGA
AGAGs4rt,TG GAAGTTCACC TGCCCGATGT ACACGAAAGG ATATCIDGAG TAGACCTGGG
CCTTCCTAAT TGGGGTAAGT TTTTTACCGC TACTCCOACT TCTGAAACAC CTTCAAGTGG
ACGGGCTACA TGTGCTTTCC TATAGACCTC ATCTGGACCC GGAAGGATTA ACCCCATTCA
Rabies-G protein  VLL SAG ALTA LML / IP LAITC PRE v MR SEPT OE N* 1601 Acel CTCCT
GAGTGCGGGT GCCTTGACCO CTTTGATGCT GATCATT7TT CTWVIGACCT GCTGGCGOAG
GOTGAATCGC TCCGAGCCGA CACAGCACAA TGCACGAGGA CTCACGCCCA cce.A.wrcac
GAAACrACGA CTAGTAAAAA GACTACDGGA CGACCGCCTC CCACTTAGCG AGGCTCGGCT
GTOTCGIGTT Rabies-G protein FMDV 2A ---  LRG TORE VSV T P Q SOK I ISS WES TICSG GET
CL;  1701 TCTCAGAGGG ACAGGCCGGG AAGTAAGTGT AGAGTCTCCC TGTCCGGCCC
TTCATTCACA GACTCCGCAA TCTGGCAAGA TTATTAGTAG TTGGGAGAGT TACAAGTCTG
CAGGAGAGAC TOGGITGAAT CTGAGGCOTT AGACCGTTCT AATAATCATC AACCCTCTCA
ATGTTCAGAC CTCCTCTCTG ACCCAACTTA preNS1 signal 



FICOV 2A  NS1 signal      OLL KLA GDV ESNP CPA RDA S I AL TFL AVG GVLL. 1001
TTTGATCTGC TCAAACrTGC AGGCGAIGTA GAATCAAATC CTGGACCCGC CCGGGACAGG
TCCATAGCTC TCACCITTCr CGCAGTTGGA GGAGTrCTGC AAACTAGACG ACT-MARCO
TCCGCTACAT CTTAGTTTAG GACCIOGGCG GGCCCTGTCC AGGTATCGAG AGTGCAAAGA
GCGTCAACCT CCTCAAGACG NS1 signal NS1 FLS VNV HADT GCA 'DI SR CE LECGSG VPIH
NOV- 1901 TCTTCCTCTC CGTGAACGTG CACGCTIACA CTGGGTGTGC CATAGACATC
AGCCGGCAAG AGCTGAGATG IGGAAGTGGA GTGTTCATAC ACAATGATGT AGAAGGAGAG
GCACTTGCAC GTGCGACTGT GACCCACACG GTATCTGTAG TCGGCCGITC TCGACTCTAC
AtICACCT CACAAGTATG IITTACTACA  WN (AC)-Rabies G PIV sequence (partial). SlUTR N-
terminus of C M S  1 AGTALITCGC CTOTWIGAGC TGACAAACTT AOTAGIWii GTGAGGATTA
ACAACAATTA ACACAGTOCG PGCFOIkiLlTAGCACGAAG ATCTCGATGT
TCATCAACCOGACACACTCGACTGKITVATCATGACAAACACTCCTAATTLIiTAATTGTGTCACGCT
CGAKLAAMAATCGTGCITCTAGAGCTACA N-terminus of C  KICP GOP OK SR AVN MLK RGMP
RVL SLI GLK0 KKR 101 CTAAGAAACC AGGAGGGCCC GGCAAGAGCC GGGCTGTCAA
TATOCTAAAA CGT774164TOC CCCOCOTGTT GTCCTTGATT GGACTTAAGC AAAAGAAGCG
GATTCITTGG TCCTCCCGGG CCGTTCTCGG CCCGACAGTT ATACGATITT
GCGCCITAZGGOGCGCACAA CAGGAACTAA CCTGRATTCGTTITCTTCGC N-terminus of C
Rabies-G protein partial C signalRAbies-signal -GGK TGIA VIV PQA LLPV PLL VI7P LCPG KFP ITT 



201 AGGGOGCAAGACTGOTATAG CTOTGATCGT TCCTNIKACT CrTTTOTTTG TAcctiMCI
GGTATTTCCC ListCtflO GTAAATITCC TATCTATACC TCCCCCGTTC TGACCATATC
GACACTAGCA AGGAGTCCGA GAAAACAAAC ATGGGAACGA CCATAAAGOG GAAACGAAAC
CATTTALAGG ATAGATATGG Rabies-G protein IPDK LOP WSP ID IH HLS CPN NLVV EDE GCT
NLSG 301 ATCCCTGATA AGCTOOGGCC TTGGAGTCCC ATTGATATTC ACCATTTGAG
CTGCCCAAAC AACCTCGTCG TTGAGGATGA AGGOTGCACT AATCTTTCTG TAGGGACTAT
TCGAGCCCGG AACCTCAGGG TAACTATAAG TGGTAAACTC GACGGCKTIG 1TGGAGCAGC
AAcrecrAcr TCCCACGTGA TTAGAAAGAC Rabies-G protein  PS? MEL KVGY ISA IKM NGPT CTG
VVT EAST YTN 401 GATT l LCCTA CATGCAGTTG AMOTOGGCT ATATTTCAGC CATTAAGATG
AACGGCTTTA LiItJIACAGG AGTCOTGACC GAAOCCGATIA CATATACAAA CTAAAAGGAT
GTACCTCAAC TITCACCCGA TATAAAGTCG GTAATTCTAC TTGCCGAAAT Ma6CATOTCC
TCAGCACTGG CTTCGOCTCT GTATATGTTT Rabies-G protein  FVG YVTT TFK RKH FRPT PDA
CRAMS KMA GDP 501 TTTCGTGGGA TACGTCACCA CCACCTTCAA GArt-4614CAC
TTCCGCCCAA CGCCTGACGC TIGTCGGGCC GCTTACAACT GGAAGATGGC AGGAGATCCT
ALAGCACCCT ATGCAGTGGT GGYGGAAGTT CICITTTGTG AAGGCGGOTT GCGOACTGCG
AACAGCCCOG CC/ATTE-MA CCTTCTACCG TCCTCTAGGA Rabies-a protein RYES SLH SPY
PDYH WLR TVICTTKE SLV 115 PSVA. 601 CGATATGAAG AATCTCTGCA CAACCCGTAT
CCTGATTACC ATTGGCTGCG GACAGTCAAG ACTACCAAGG AGAGTCTGGT CATTATATCA
CCAAGCGIGG GCTATACITC TTAGAGACGT GTTGGGCATA GGACTAATGG TAACCGACGC
CMTCAGTTC TCATGOTTCC TCTCAGACCA OTAATATAGT GGTTCGCACC . Rabies-G protein
DLD PYD RSLH SRV PPG GlICS OVA VSS TYCS TI4H 701 CCGATCTICA TCCKTATGAT
AGATCCCTGC ACAGTAGGGT TTITCCTGGC GGGAATTGTA OCGOTGITGC AGTATCAAGT
ACCTACTGCT CCACTAACCA GGCTAGAACT AGGAATACTA TCTAGGGACG TGTCATCCCA
AAAAGGACCG CCCTTAACAT COCCSACAACG TCATAGTTCA TGGATGACGA GGTGATIGGT
Rabies-a protein  PIT IMMP ESP RLG MS CD IFT NSR GERA SKG SET 801 CGACTACACT
ATATOGAIGC CTGAGAACCC TCGACTCGOT ATGAGTTGCG ACAIII LAC GAACTCACGG
GOCAAGCOGO CATCTAAGGG GTCTGAAACA GCTGATOTGA TATACCTACG GACTCTTGGG
AGCTGAGCCA TACTCAACGC TGTAAAAATG CTTGAGTGCC CCGTTCGCCC GTAGATTCCC
CAGACITTGT Rabies-G protein CGPV PER GLY KSLK GAC KLK LCOV LGL RLM DGTW 901
TGCGCATTTG ITGATGAGCG 00007TOTAT AAATCTCTTA AAGGCGC4_1(1 TAAGCTGAA11
CTCTGTGGCG TACTGGGGCT GCGCCIVATG GACGGCACAT ACGCCCAAAC AACTACTCGC
CCCCAACATA TTTAGtrAAT TTCCGCGGAC ATTCGACTTT GAGACACCGC ATGACCCCGA
COOGGACTAC CTOLU,flnA Rabies-G protein  VAM QTS NETK WCP PGQ LVNL HOP RSD EIEH
LVV 



1001 GGGTGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG
CIGOTTAATC TGCACGACTT TAGGTCTOAC GAAATCGAGC ACCTIGTOGT CCCACCGATA
CGTCTWITCG TTACTITGTT TCACCACAGG GOGACCAOTC GACCAATTAG ACGTGCTGAA
ATCCAGACTG CT1TAGCTCG TGGAACACCA Rabies-G protein  EEL VKKR EEC LDA LEST MTT
KSV SPRR LSH LRK 1101 GGAGGAACTO GTCIAAGAAAC acwaracro CCIGGACGCA
CTTGAGAGTA TTATGACCAC CAAATCCGTT TCCTTCAGAA GACTGAGCCA CCTGCGAAAG
CCTOCKTGAC CACITCTTTG CGCTIGTCAC GGACCIGCGT GAACTCTCAT AATACTGGTG
GTTTAGGCAA AGGAAGTCIT CTGACTCGGT GGACGCTTTC Rabies-G protein  LVPG FOE AY T
IFNI( TLM SAD AHYK SVR TWN EIIP 1201ncnl3CCAQ GGTTCGGGAA GGCTTATACT
ATI1TCAACA AGACT=TAT GWV3GCGGAT GCCCATTATA AGTCAGTTAG GACTTGGAAT
GAGATAATTC GACCA 'LLIC CCAAGCCCIT CCGAATATGA TAAAAGTIGT TCTGAGAATA
CMCCGCCTA CGOGTAATAT TCAGTCAATC crokAccrrA CTCTATTAAG Rabies-0 protein  SEC CLR
VCGR CUP HVN GYP!' NC / /LG PDGE VL 1301 CCTCCAAAGG ATGTCTGAGA GTCC4GT000A
GATGCCACCC CCATGTCAAT GGGGTOTTCT TTARCGGAAT CATCCTGGGA CCTGACGGGA
ACGTGCTGAT GGAGGITTCC TACAGACTCT 4760CCACCCI CTACGGTGGG GOTACAGTTA
CCCCACAAGA AATTGCCTTA GTAGGACCCT GGACTGCCCT TOCACGACTA Rabies-G protein
PEW (TSSL LOQ HME LLVS SV / PLM LIP LA DPS TVF 1401 TCCCGACATG CAATCTTCCC
TTCTGCAGCA ACACATGGAA CTCCIT/GTGT CTTCAGTGAT ACCL'CTGATG CACCCACTGO
CCGACCCCAG CALIbibrIC AGGGCTCTAC GTTAGAAGGG AAGACGTCGT TGTGTACCTT
GAGGACCACA GAAGTCACTA TOGGGACTAC GTGGGTGACC GCM0:10TC GTGACACAAG
Rabies-G protein KM ERE DFV EITEL PDV HER ISGV DLG LPN ECK Y 1501 AAAAATGGCG
A'TGAGGCCGA AGACTITGTO GAAGTTCACC TGCCCGATGT ACAOGAAAGG ATATCTGGAG
TAGACCTGGO CCTTCCTAAT TGGGGTAAGT t JAL CCGC TACTCCGGCT TCTGAAACAC
CTTCAAGTGG ACGGGCTACA TGTGCTrrCC TATAGACCTC ATC1GGACCC GGAAGGATTA
ACCCCATTCA Rabies-G protein  VLL SAG AL TA LML II? LMTC WRR VNR SEPT Q 11 8-
1601C/CCT GAGTGCGGGT GCCTTGACCG CITTGATGCT GATCATTTIT CTGATGACCT
GCTGGCGGAG GGTGAATCGC TCCGAGCCGA CACAGCACAA TGCACGAGGA CTCACGCCCA
CGGAACTGGC GAAACTACGA CTAGTAAAAA GACTACTGGA CGACCGCCTC CCACTTAGCG
AGGCTCGGCT GTGTCGTOTT MTV 2A Rabies-G protein -LEG TGRE VSV TPQ SOK I ISS WES
YKSG GET GLN 1701 TCTCAGAGGG ACAGGCCGGG AAGTAAGTGT GACTCCGCAA
TCPWCAAGA TTATTAGTAG =000AG/10T TACAAGTCTG GAGGAGAGAC TWGTTGAAT
AGAGTCT= TGTCCGGCCC TTCATTCACA CTGAGGCGTT AGACCGTTCT AATAATCATC
AACCCTCTCA ATOTTCAGAC CTCCTCTCTG ACCCAACTTA C/prM signal FmoV 2A FELL KL A
GDV ESNP GPO ORR GIAV WIG L IA CVGA 1801 TTTGATCTGC TCAAACTTGC AGGCGATGTA
GAM77114TC CTGGACCCGG AGGAAAGACC GGTATTGCAG TCATGATTGG CCTGATMCC
'TGCGTAGGAG AAACTAGACG AGTTTGAACG TCCGCTACAT CTTAGTIT'AG GACCTGGGCC
TCCTTTCTGG CCATAACGTC AGTACTAACC GGACTAGCGG ACGCATCCTC C/prM signal 



prM  VTL SNP QGKV MMT VNA TDVT DV I TIP TA AG KUL- 1901 CAGTTACCCT CTCTAACTTC
CAAGGGAAGG TGATGATGAC GGTAAATGCT ACTGACGTCA CAGATGTCAT CACGATTCCA
ACAGCTGCTG GAAAGAACCT GTCAATVGGA GAGATTGAAG GTTCCCTTCC ACTACTACTG
CCATFTAWA TGACTGCAGT GTCTACAGTA GTGCTAAGGT TGTCGACGAC CTTTCTTGGA prM
CIV RAMD VGY MCD DT 1 T YEC PVL SAGN DPE DID 2001 ATGCATTGTC AGAGCAATGG
ATGTGGGATA CATGTGCGAT GATACTATCA CTTATGAATG CCCAGTGCTG TCGGCTGGTA
ATGATCCAGA AGACATCGAC TACGTAACAG TCTCGTTACC TACACCCTAT GTACACGCTA
CTATGATAGT GAATACTTAC GGOTCACGAC  AGCCGACCAT TACTAGGTCT TCTGTAGCTG prM
CECT KSA V YV RYGR CTK TRH ERRS RES LTV QTRG- 2101 TGTTGGTGCA CAAAGTCAGC
AGTCTACGTC AGGTA'TGGAA GATGCACCAA GACACGCCAC TCAAGACGCA GTCGGAGGTC
ACTGACWTG ennACACACG ACAACCACGT GTTTCAGTCG TCAGATGCAG TCCATACCTT
CTACGTGGTT CMGCGGTG AGITCTGCGT CAGCCTCCAG TGACTGTCAC GTCTGTGTGC prig
EST LAN KKGA WED STK A TRY LVI( TES WILE NPG 2201 GAGAAWCAC TCTAGCGAAC
AAGAAGGGGG CrrGGATGGA CAGCACCAAG GCCACAAGGT ATITGGTAAA AACAGAATCA
TGGATCTTGA osACCCTGO CI'C'TTTCGTG AGATCGCTTG TrCTTCCCCC GAACCTACCT
GTCGTGGTTC COGTGITCCA TAAACCATTT TTGTCTTAGT ACCrAGAACT ccrp000Acc prM 'V AL
V AAV IOW MLG SNTM OR V VEY VLLL LV A PAY 2301 ATATGCCCTG GTGGCAGCCG
TCATTGGTTG GATOCIWGG AGCAACACCA TGCAGAGAGT TGTGTTTGTC GTGCTATTGC
trrtrarocc CCCAGCTTAC TATACGGGAC CACCGTCGGC AGTAACCAAC CTACCLACCC
TCGTTGTGGT ACGTCTCTCA ACACAAACAG CACGATAACG AAAACCACCG GWICGAATG prM
MSC LGM SNR DFLE GVS CAT WV DL VLE GDS CV TI 2401 AG=ITAACT GCCITGGAAT
GAGCAACAGA eacrrAAGGAGTGTC TGGAGCAACA TGGGTOGATI"TGGITCTCW AGGCGACAGC
TGCGTGACTA TCGAAATTGA CGOAACCTTA =Cu tLTTCE CTGAAGAACC TTCCTCACAG
ACCiACCCACCTAA ACCAAGAGCT TCCGCTGTCG ACGCACTGAT  FISK DEP T IDV K MM NME
AA R], AS? RS Y CY LA TV S 2501 TCATGTCTAA GGACAAGCCT ACCATCGATG TGAAGATGAT
GAATATGGAG GCGGCCAACC TGGCAR  E14T CCGCAGTTAT TGCTATTTGG CTACCGTCAG
AGTACAGATT CCIGTTCGOA TGGTAGCTAC ACTTCTACTA CTTATACCTC CGCCGGTTGG
ACCGTCTCCA GGCGTCAATA ACGATAAACC GATGGCAGTC -DC S TK AA CPA MOE AHED K
RA DP A 171/ CR QG V VOA 2601 CGATCTCTCC AccmAccm carocccoac CATGGGAGAA
GCTCACAATG ACAAACGTGC TGACCCAGCT ITTGTGIGCA GACAAGGAGT GCMGACAGG
GCTAGAGAGG roarrrccac GCACGGGCCG GTACCCTCTT CGAGTGTTAC TUTTIGCACG
ACTGGGTCGA AAACACACGT CTGTTCCTCA CCACCTGTCC GWGN GCG L PG KG SI DTC A ICF
ACST K A I OPT IL KS- 2701 GGCTGGGGCA ACGGCTGCGG ACTATTTGGC AAAGGAAGCA
TTGACACATG CGCCAAAT1T GCCTGCTCTA CCAAGGCAAT AGGAAGAACC ATTITGAAAG
CCGAw,T TGCCOACGCC TGATAAACCG TTTCCTTCGT AAA_ Lt. IcaAC MGM-TRAM
CGGArCAGAT GGTTCCGTTA TCCITCTTGG TAAAA -141K YEV A IP,/ HGP T TV ES HG NYS TQV
GA TO AG 5- 2801 AGAATATCAA GTACGAAGTG GCCA1TCCATGGACC AACTACTGTG
GAGTCGCACG GAAACTACTC CACACAGGIT GGAPICCACTC AGGCAGGGAG TCTTATAGTT
CATGCTTCAC CGGTAAAAPX AGGTACCTGG ITGATGACAC CITAGC3.13,C CTITGATGAG
GTGTGTCCAA CCTO3GTGAG TCCGTCCCTC F S I TP AA PSY TL K LGEY GEV Tv D CEP R SGI
DTN 2901 ATIGAGCATC ACTLt. rOCOG CGCCITCATA CACACTAAAG CTTGGAGAAT
ATGGAGAGGT GACAGTGGAC TGTGAACCAC GGTCAGGGAT TGACACCAAT TAAGTCGTAG
TGAGGACGCC GCGGAAGTAT GTGTGATTTC GAACCIVITA TACCTCTCCA CIGTCAtAlk,
ACACITGGIG CCAGTCCCTA ALLb bUflA A V YV MTV GTK T F LV HRE II PM DLNL PWS SAG  S
TV II- 3001 GCATACTACG TGATGACTGT TGGAACAAAG AunS aTTGG TCCATCGTGA
GTGGTTCATG GACCTCAACC TCCCTTGGAG CAGTGCTGGA AGTACTGTGT 



CGTATGATGC ACTACTGACA ACCTIGTTTC TGCAAGAACC AGGTAGCACT CACCAAGTAC
CTGGAGTTGG AGGGAACCTC GTCACGACCT TCATGACACA  PER ETL MEER EPH ATE OS VI A
L G SQE GALE CAL- 3101 GGAGGAACAG AGAGACGTTA ATGGAGTTTG AGGAACCACA
CGCCACGAAG CAGTCTOTGA TAGCATTGGG CTCACAAGAG GGAGCIGTGC ATCAAGCTTT
CCTCCTIGTC TCTCTGCAAT TACCTCPAAC TCCTTGGTGT GCGGTGCTTC GTCAGACACT
ATCGTAACCC GAGTOTTCTC CCTCGAGACG TAGTTCGAAA -AGA IPVE PEE NT V KLTS GEL
ECR ITEMS ELQ LKO 3201 GGCIGGAGCC ATTCCTGTGG AATTTTCAAG CAACACTGTC
AAGTTGACGT CGGGTCATIT GA Pr TGTAGA GTGAAGATGG AAAAATTGCA GTTGAAGGGA
CCGACCTCGG TAAGGACACC TTAAAAGTTC GTTGTGACAG TTCAACTGCA GCCCAGTAAA
CTTCACATCT CACTTCTACC ITTTTAACGT CAACTTC CCT T T VG VCS K AP K F L.0 TPA DTG
HOT V VLE LQY TOT!). 3301 ACAACCTATG GCGTC1GTTC AAAGGCT'TTC AAGTTTCTIZ
GGACTCCCGC AGACACAGGT CACGGCACTG TGGTGTIGGA ATTGCAGTAC ACIGGCACGG
IGTTGGATAC CGCAGAC AG TTTCCGAAAG TTflPnfl rtC CCTGAGGGCG TCTGTGTCCA
GTGCtGTGAC ACCACAACCT TAACGTCATG TGACCGTGCC  GP C EVP I SS V A SL NDL TP VG
RLV TVN PP VS V A T 3401 ATGGACCITG CAAAGTTCCT ATCIGGTCAG TGGCTTCATT
GAACGACCTA ACGCCAGTGG GCAGATTGGT CACTOTCAAC ccrrrivrar CAGTGGCCAC
TACCTGGAAC GITTCAAGGA TAGAGCAGTC ACCGPAGTAA CTTGCTGGAT TGCGGTCACC
CGTCTAACCA GIGACAGTIG GGAAAACAAA GTCALTG -ANA K VL I ELS PP F GDSY IV V GRQ
EQQ I PIHR w HE 3501 GGCCAACGCT AAGGTCCTGA TTGAATTGGA ACCACCCITT
GGAGACTCAT ACATAGTGGT GGGCAGAGGA GAACAACAGA TCPATCACCA CTGGCACAAG
CCGGTTOCGA TTCCAGGACT AACTTAACCT TGGTGGGAAA CCTCTGAGTA TGTATCACCA
CCCGTCTCCT LIAtARGTCr AGTTAGTGGT GACCGTGTTC SGSS ICE AFT TT LK GAQ R LA AL
GD T AW DPG SVGG 3601 TaGGAAGCA GCATTGGCAA AGCCTTTACA ACCACCCTCA
AAGGAGCGCA GAGACTAGCC GCTCTAGGAG ACACAGCRTG GGACTTTGGA TCACITGGAG
AGACCTTCGT CGTAACCGTT TCGGAAATGT TGGTOGGAGT TTCCTCGCGT CrCTGATCGG
CGAGATCCTC TGTGTCGAAC CCTGAAACCT AGTCAACCTC  V F T S VG KA VS QVP GG A FR S
L FOG MS W I TQGLG 3701 GGGTGTRICAC CTCAGTTGGG AAGGCIGTCC ATCAAGTGTT r7P-
An' PGCA TTCCGCTCAC TGITCGGAGG CATGTCCIGG ATAACGCAAG GATTGCrOGG
CCCACAAGTG GAGTCAACCC TTCCGACAGG TAGTTCACAA GCCTCCTCGT AAGGCGAGTG
ACAAGCCTCC GTACAGGACC TATTGCGTIC CTAACGACCC -ALL LW MG INA RD R SI AL T 17,1,
AVG Gil LL PCs VN V 3801 GGCICTCCTO TTGTGGATGG GCATCAATGC TCGTGACAGG
TCCATAGCTC TCACGTTTCT CGCAOTTGGA GGAGTTCTGC TCTTCCTCTC CGTGAACGTG
CCGAGAGGAC AACACCTACC CGTAGTTACG AGCACTGTCC AGOTATCGAD AGM.CAAAGA
GCGTCAACCr CCITAAGACG AGAAGGAGAG GCACTTGCAC NS1   ADT GCA IDI S ROE
LRCGSGVFIH NDV EAW MORT'. 3901 CACGCTGACA CTGGGTGTGC CATAGACATC
AGCCGGCAAG AGCTGAGATG TGGAAGTGGA GTGTTCATAC ACAATGATGT GGAGGCTTGG
ATGGACCGGI GTGCGALiue GACCCACACG GTATCTGTAO TCGGCcbtiC TCGACTCTAC
ACCTTCACCT CACAAGTATG TGTTACTACA CCTCCGAACC TACCFGGCCA WN (AprME)-Rabies
G PIV sequence (partial) C protein 5. UTR MS 1 AGTAGTTCOC CIGTGTGAGC TGACAAACTT
ACTA(aiUU ii GIGAGGATTA ACAACAATTA ACACAGTGCG AGCTGITTCT TAGCACGAAG
ATCTO3ATGT TCATCAAGCG GACACACTCG AcTGrrrom TCATCACAAA CACTCCTAAT
TOTTGTTAAT TGTGTCACGC TCGACAAAGA ATCGTGCITC TAGAGCTACA C protein  KKP
GOPGKSR AVY LLK ROMP RVL $LI CL KR AM L 101 CTAAGAAACC AGGAGGGCCC
GGCAAGAGCC GGGCTGTCTA TTTGCTAAAA CGCGGAATGC CCCGCGTGTT GTCCTTGATT
GGACTTAAGA GGGCTATGTT GATTCITTGG TCCTCCCGGG CCGTTCTCGG CCCGACAGAT
AAACGATTTT GCGCCITACG GGGCOCACAA F7csaACTAA cercagencr CCCGATACAA 



C protein  SLI DOKG PIRFVL AL LA PPR PTA IAPT RAY CDR 201 GAGCCTGATC GACT.GCAAGG
GOCCAATACG ATTTOTGTIG GCTCTCTIGG CGTTCTTCAG OTTCACAOCA ATTGCFCCGA
CCCGAGCAGT GCTOGATCGA CTCGGACTA0 CTOCCGTTCC CCGGTTATGC TAAACACAAC
CGAGAGAACC GCAAGAAGTC CRAGTGTCGT TAACGAGGCT GGGCTCGTCA CGACCTAGCT C
protein MR CV NKOTAM KHLL SFK KELGTLT SAI NRR SSKO 101 TGGAGAGGTG TGAACAAACA
AACAGCGATG AAACACCTTC TGAGTTTCAA GAAGGAACTA GOGACCTTGA CCAGTGCTAT
CAATCGGCGG AGCTCAAAGC ACCTCTCCAC ACTTGTTTGT TTGTCOCTAC rrrGrGoAAG
ACTCAAAGIT CTICCTTGAT CCCTGGAACT GGTCACGATA GTTAGCCGCC TCOAGTTTCG
Rabies-G signal C proteinpartial C signalRAbies-G protein  KKR GOKTGIA VIV POA LLFV PLL VFP
LC PC KFP- 401 AAAAGAAGCGAGGGGGCAAGACTOGTATAG CTGTGATCGTTCCTCAGGCT Li Li
LbTTZ'O TACCCITGCT GGTATTTCCC Lii rOci jib GTAAATTTCC TTTTCTTCGC TCCCCCGTTC
IGACCATATC GACACTAGCA AGGAGTCCGA GAAAACalAC ATGGGAACGA CCATAAAGGG
(74101CGAAAC CATTTAAAGG RAbies-G protein  ITT IPDK LOP WSP IDIH HLS CPN NLVV EDE
OCT 501 TATCTATACC ATCCCTGATA AGCTCOGGCC ITGGAGTCCC ATTGATATTC AC=7=0
CTGCCCAAAC AACCTCGTCG TIGAGGAIGA AGGGTGCACT ATAGATATUG TAGGGACTAT
TCGAGCCCGG AACCTCAGGG TAACTATAAG TGGTAAACTC GA000GTTTG TTGGAGCAGC
AACTCCTACT TCCCACGTGA RAbies-G protein  LSG FSY MEL KVGY ISA IKENGFT CTG VVT
EAST- 501
AATCITTCTGGATTTTCCTACATGGAGTTGAAAGTGGGCTATATTTCAGCO1TTAAGATGAACGGCI
TTA CITGTACAGGAGTCGTGACCGAAGCCGAGA TTAGAAAGAC CTAAAAGGAT GTACCTCAAC
TTTCACCCGA TATAAAGTCG GTAXITCTAC TTGCCGAAAT GAACATGTCC TCAGCACTGG
CTTCGGCTCT RAbies-G protein  V TN FVG YVTT TFK RICH FR PT PDA CPA AYNW KM A. 701
CATATAcalk TITCGTGGGA TACGTCACCA CCACCTTCAA GAGAAAACAC TIGCGCCCAA
CGCCTGACGC TTGTCGGGCC GCTTACAACT GGAAGATGGC GTATATtii AAAGCACCCT
AIGCAGIGGT GGTGGAAGTT CItL i jib LC AAGGCGGGTT GCGGACTGCG AACAOCCCOG
CGAATGTTGA CCTTCTACCG RAbies-G protein .GDP RYES SLR NPY PDTH NCR TVK TTKE SLV
I I S 801 AGGAGATCCT CGATATGAAG AATCTCTGCA CAACCCOTAT CCTGATTACC
ATTGGCTGCG GACAGTCAAG ACTACCAAGG AGAGTCTGGT CATTATATCA TCCTCTAGGA
GCTATACTTC TTAGAGACGT GTTGGGCATA GGACTAATGG TAACCGACGC CTOTCAOTTC
TGATGGTTCC TCTCAGACCA GTAATATAGT RAbies-G protein  SV.A DLD PYD RSLH SRV FPG
ON CS OVA VSS TTCS CCAAGCGTGG CCGATCTTGA TCCITAIGAT Arancccrac ACAGTAGGGT
TITTCCTGGC GGGAATTGTA GCGGIUTTGC AGTATCAAGT ACCTACTGCT GGTTCGCACC
GGCTAGAACT AGGAATACTA TCTAGGGACG TGTCATCCCA AAAAGGACCG CCCTTAACAT
CGCCACAACG TCATAGTTCA TGGATGACGA RAbiee-G protein  TNEDYT TEMP ENP RLGNSCD
IFT NSR OKRA SKG.  1001 CCACTAACCA CGACTACACT ATATGGATGC CrGAGAACCC
TCGACTCGGT ATGAGITGCG ACA is iAC GAACTCACGG GGCAAGCGGG CATCTAAGGG
GGTGATIGGT GCTGATGTGA TATACCTACO GACICITGGG AGCTGAGCCA TACTCAACGC
TGTAAAAATG CTTGAGTGCC CCGTTCGCCC GTAGAITCCC 



RAbies-G protein  SET CGPV DER GLY KSLK GAC KLK LCGV LGL ELM 1101 GTCTGAAACA
TGCGGGTTTG ITGATGASCG GrOrTIOTAT AAATCIVITA AAGGCGCCTG TAAGCTGAAA
CTCTGTGGCG TACIGGGGCT GCGCCTGATG CAGACIITGT ACGCCCAMC AACTACTCGC
CCCCAACATA TTTAGAGAAT TTCCGCGGAC ATTCGACTIT GAGACACCGC ATGACCCCGA
CGCGGACTAC RAbies-G protein  OTE VAR OTS NETK WCP PGQ LVNL HOF RSD EISH 1201
GACGGCACAT GGGIGGCTAT GCAGACAAGC AATGAAACAA AGTGGTGTCC CCCTGGTCAG
CTGGTTAATC TGCACGACTT TAGGTCTGAC rmAATCGAGC CTGCCGTGTA CCCACCGATA
CGTCTGTITG rrAcrrram TCACCAraGG GGGACCAGTC GACCAATTAG ACCTGAA ATCCAGACTG
CTITAGCTCG RAbies4G protein  L VV EEL VKKR EEC LDA LEST MTT KSV SERE LSH 1301
ACCTTGTGGT GGAGGAACTG GTGAArmAC GCGAAGAGIG CCTGGACGCA CITGAGAGTA
TTATGACCAC CAAATCOGTT TCCITCACAA GACTGAGCCA TGGAACACCA CCTCCTTGAC
CACTTCTTTG cocrrcTcAc GGACCTGCGT GAACTCTCAT AATACTGGTG GTTTAGGCAA
AGGAAGTCIT CTGACIOGGT RAbies-G protein  LRK LVPG PGR AYT IFNK TLM RAD AHYK SVR
TWN 1401 CCTGCGAAAG CTGGTGCCAG GGTTCGGGAA GGCTTATACT ATTITCAACA
AGACTCTTAT GGAGGCGGAT GCCC.A'rrATA AGTCAGTTAG GACTTGGAAT GGACGCITTC
GACCACCGTC CCAAGCCCTT CCGAATATGA TAAMOTTGT TCTGAGAATA CCICCGCCTA
CGGGTAATAT TCAGTCAATC CTGAACCTTA RAbies-G protein  TIP SKG CLRVGGR CEP HVN
GVPF NOT ILG PDGN 1501 GAGATAATTC CCTCCAAAGG ATGTCTGAGA GTCGOTOGGA
GATGCCACCC CCATGTCAAT COGGTOTTCT TTAACGGAAT CATCCIGGGA CCTGACGGGA
CTCTATTAAG GGAGGTTTCC TACAGACTCT CAGCCACCCT CTACGGTGGG GOTACAGTTA
CCCCACAAGA AATTOCCTTA GTAGGACCCT GGACTOCCCT RAbies-G protein  VLI FEMOSSL
LOG SHE LLVS SVI PLM HPLADPS- 1601 ACGTGCTGAT TCCCGAGATG CAATCITCCC
TTCTGCAGCA ACACATGGAA CTCCTGGTOT CITCAGTGAT ACCCCTGATG CACCCACTGG
CCGACCCCAG TGCACGACTA AGGGCTCTAC GTTAGAAGGG AAGACGTCGT TGTGTACCTT
GAGGACCACA GAAGTCACTA TGGGGACTAC GTGGGTGACC GoCTOGGGTC RAbies-G protein
T VP KNGD SAE DPI, S V H L PDV HER IS CV PLC LPN 1701 CACTGTGTTC AAMATGGCG
ATGAGGCCGA AGACiliGIL rAACTTCACC TOCCCGATGT ACACGAAAGG ATATCTGGAG
TAGACCTGGG CCTTCCTAAT GTGACACAAG lwrrnAcmc TACTCCGGCT TCTGAAACAC
CTICAAGTGG AOGGGCTACA TGTGCTITCC TATAGACCTC ATCTGGACCC GGAAGGATTA
RAbies-G protein 71GKY VLL SAGALTA LML II? CRTC NERVE R SEPT. 1801 lOOGGTAAGT
ACGTGCTCCT GAMOW:Get GCCITGACC0 Cr7FGATGCT GATCATTITT CTGATGACCT
GCTOGCGGAG OGTGAATCGC TCCGAGCCGA ACCCCATTCA TGCACGAGGA CTCACGCCCA
CGGAACTGGC GAAACTACGA CrAGTAAAAA GACTACTGGA CGACCGCCTC CCAC1TAGL13
AGGCIOGGCT RAbies-G protein -ORR LRGTGREVSV TPO SGKI ISS WES YKSGGET 1901
CACAGCACAA TCTCAGAGGG ACAGGCCGGG AAGTAAGTGT GACTCCGCAA TCTGGCAAGA
TTATTAGTAG TTGGGAGAGT TACAAATCTG GAGGAGAGAC GTGTCGTGTT AGAGTCTCCC
TGTCCGGCCC TTCATTCACA CTGAGGCGTT AGACCGTICT AATAATCATC AACCCTCTCA
ATUITCAGAC CTCCTCTCTG INTDV 2ANS1 signal RAbies-G proteinpreNS1 signal  GLN POLL RCA
GDV ESNP CPA RDR SIAL TEL AVG 



2001 TGGGTTGAAT TrIGATCIOC TCAAAC17GC AGGCGATGTA GAATCAAATC CTGGACCCGC
CCGCZACAGG TCCATAGCTC TCACGTTICT CGCAGTTGGA AccCAACTTA AAACTAGACG
AGTTTGAACO TCCGCTACAT CTTAGITTAG GACCIOGGCG GGCCCTGTCC AGGTATCGAG
AGIOCAAAGA GCGTCAACCT NS1 NS1 signal  VLL FLSVNVHADT GCA IDI SRQE LRCGSG VFIH
2101 GGAGTTCTGC rcncercrc CGTGAACGTG CACGCTGACA CrOGGTGTGC CATAGACATC
AGCCGGCAPO AGCTGAGATG TGGAAGTGGA GTGITCATAC CCTCAAGACG AGAAGGAGAG
GCACTTGCAC GTGCGACTGT GACCCACACG GTATCIOTAG TCGGCCGTTC TCGACTCTAC
ACCTTCACCT CACAAGTATG                   Li E-tt 01U 84004 4^, a . E. z 6 .9  11E o- 
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Other Embodiments All publications, patent applications, and patents mentioned in this specification
are incorporated herein by reference in their entirety as if each individual publication, patent
application, or patent were specifically and individually indicated to be 5incorporated by reference.
Various modifications and variations of the described viruses, vectors, compositions, and methods of
the invention will be apparent to those skilled in the art without departing from the scope and spirit of
the invention. Although the invention has been described in connection with specific embodiments, it
should be understood that the 10invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out the invention that
are obvious to those skilled in the fields of medicine, pharmacology, or related fields are intended to be
within the scope of the invention. Use of singular forms herein, such as "a" and "the," does not exclude
indication of the corresponding plural form, unless the 15context indicates to the contrary. Similarly,
use of plural terms does not exclude indication of a corresponding singular form. Other embodiments
are within the scope of the following claims. What is claimed is:        I. A replication-deficient
pseudoinfectious flavivirus comprising a flavivirus genome comprising (i) one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1), non-structural protein
3 (NS3), and non-structural protein 5 (NS5), and (ii) a sequence encoding one or more heterologous
pathogen, cancer, or allergy-related immunogens.       2. The replication-deficient pseudoinfectious
flavivirus of claim I, wherein said one or more deletions or mutations is within capsid (C) sequences of
the flavivirus genome.       3. The replication-deficient pseudoinfectious flavivirus of claim 1, wherein
said one or more deletions or mutations is within pre-membrane (prM) and/or envelope (E) sequences
of the flavivirus genome.       4. The replication-deficient pseudoinfectious flavivirus of claim 1, wherein
said one or more deletions or mutations is within capsid (C), pre-membrane (prM), and envelope (E)
sequences of the flavivirus genome.       5. The replication-deficient pseudoinfectious flavivirus of claim
1, wherein said one or more deletions or mutations is within non-structural protein 1 (NS I) sequences
of the flavivirus genome.       6. The replication-deficient pseudoinfectious flavivirus of any of claims
1-5, wherein said heterologous immunogen is from a pathogen selected from the group consisting of a
rabies virus, Borrelia burgdolferi, a tick, an influenza virus, a human immunodeficiency virus, a simian
immunodeficiency virus, a human papilloma virus, a respiratory syncytial virus, malaria parasite, and
Mycobacterium tuberculosis.         7. The replication-deficient pseudoinfectious flavivirus of claim 6,
wherein said heterologous immunogen comprises a rabies virus G protein immunogen or an
immunogenic fragment thereof.       8. The replication-deficient pseudoinfectious flavivirus of claim 6,
wherein said heterologous immunogen comprises Borrelia burgdorferi OspA immunogen or an
immunogenic fragment thereof.       9. The replication-deficient pseudoinfectious flavivirus of claim 6,
wherein said heterologous immunogen comprises a tick saliva protein selected from the group
consisting of 64TRP, 'sac, and Salp20, or an immunogenic fragment thereof.       10. The
replication-deficient pseudoinfectious flavivirus of claim 6, wherein said heterologous immunogen
comprises an influenza virus M2, hemaglutinnin (HA), or neuraminidase (NA) epitope, or an
immunogenic fragment thereof. 



11. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said heterologous
immunogen comprises a codon-optimized HIV gag, tat/nef, or gp120 protein, or an immunogenic
fragment thereof       12. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said
heterologous immunogen comprises an HPV16 or HPVI8 capsid protein Li or L2, or an immunogenic
fragment thereof.       13. The replication-deficient pseudoinfectious flavivirus of claim 6, wherein said
heterologous immunogen comprises a respiratory syncytial virus F or G glycoprotein.       14. The
replication-deficient pseudoinfectious flavivirus of any of claims 1-13, wherein said flavivirus genome
comprises sequences encoding a pre-membrane (prM) and/or envelope (E) protein.         15. The
replication-deficient pseudoinfectious flavivirus of any of claims 1-14, wherein the flavivirus genome is
selected from that of yellow fever virus, West Nile virus, tick-borne encephalitis virus, Langat virus,
Japanese encephalitis virus, dengue virus, and St. Louis encephalitis virus sequences, and chimeras
thereof.        16. The replication-deficient pseudoinfectious flavivirus of claim 15, wherein said chimera
comprises pre-membrane (prM) and envelope (E) sequences of a first flavivirus, and capsid (C) and
non-structural sequences of a second, different flavivirus.        17. The replication-deficient
pseudoinfectious flavivirus of claim 16, wherein said first flavivirus is a tick-borne encephalitis virus or
a Langat virus.        18. The replication-deficient pseudoinfectious flavivirus of claim 16 or 17, wherein
said second, different flavivirus is a yellow fever virus or a West Nile virus or Langat virus.        19. The
replication-deficient pseudoinfectious flavivirus of any of claims 1-18, wherein said genome is
packaged in a particle comprising pre-membrane (prM) and envelope (E) sequences from a flavivirus
that is the same or different from that of the genome.        20. The replication-deficient
pseudoinfectious flavivirus of any of claims 1-19, wherein sequences encoding said heterologous
immunogen are inserted in the place of or in combination with the one or more deletions or mutations
of the one or more proteins.        21. The replication-deficient pseudoinfectious fiavivirus of any of
claims 1-20, wherein sequences encoding said heterologous immunogen are inserted in the flavivirus
genome within sequences encoding the envelope (E) protein, within sequences encoding the
non-structural 1 (NS1) protein, within sequences encoding the pre-membrane (prM) protein,
intergenically between sequences encoding the envelope (E) protein and non-  structural protein 1 (NS
I), intergenically between non-structural protein 2B (NS2B) and non-structural protein 3 (NS3), or as a
bicistronic insertion in the 3' untranslated region of the flavivirus genome.       22. A composition
comprising a first replication-deficient pseudoinfectious flavivirus of any of claims 1-21 and a second,
different replication-deficient pseudoinfectious flavivirus comprising a genome comprising one or more
deletions or mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1),
non-structural protein 3 (NS3), and non-structural protein 5 (NS5), wherein the one or more proteins
encoded by the sequences in which the one or more deletion(s) or mutation(s) occur in the second,
different replication-deficient pseudoinfectious flavivirus are different from the one or more proteins
encoded by the sequences in which the one or more deletion(s) or mutation(s) occur in the first
replication-deficient pseudoinfectious flavivirus.       23. A method of inducing an immune response to
an immunogen in a subject, the method comprising administering to the subject one or more
replication-deficient pseudoinfectious flaviviruses of any of claims 1-21 and/or a composition of claim
22 to the subject.       24. The method of claim 23, wherein the subject is at risk of but does not have
an infection by said pathogen or a disease or condition associated with said cancer or allergy-related
immunogen.       25. The method of claim 23, wherein the subject has an infection by said pathogen or
a disease or condition associated with said cancer or allergy-related immunogen.          26. The
method of any of claims 23-25, wherein the immunogen is from a pathogen selected from the group
consisting of a rabies virus, Borrelia burgdorferi, a tick, an influenza virus, a human immunodeficiency
virus, a simian immunodeficiency virus, a human papilloma virus, a respiratory syncytial virus, malaria
parasite, and Mycobacterium tuberculosis.        27. The method of any of claims 23-26, wherein the
method is for inducing an immune response against a protein encoded by the flavivirus genome, in
addition to the source of the immunogen.        28. The method of claim 27, wherein the subject is at
risk of but does not have an infection by the flavivirus corresponding to the genome of the
pseudoinfectious flavivirus, which comprises sequences encoding a flavivirus pre-membrane and/or
envelope protein.        29. The method of claim 27, wherein the subject has an infection by the
flavivirus corresponding to the genome of the pseudoinfectious flavivirus which comprises sequences
encoding a flavivirus pre-membrane and/or envelope protein.        30. A live, attenuated chimeric
flavivirus comprising a yellow fever virus in which sequences encoding pre-membrane and envelope
proteins are replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis virus or a Langat virus, and the signal sequence between the capsid and pre-membrane
proteins of the chimeric flavivirus comprises a hybrid of yellow fever virus and tickborne-encephalitis or
Langat virus capsid/pre-membrane signal sequences, or a variant thereof.        31. The live, attenuated
chimeric flavivirus of claim 30, wherein the capsid/premembrane signal sequence of the chimeric
flavivirus comprises yellow fever virus  sequences in the amino terminal region and tick-borne
encephalitis or Langat virus sequences in the carboxy terminal region.        32. A live, attenuated
chimeric flavivirus comprising a West Nile virus in which sequences encoding pre-membrane and
envelope proteins are replaced with sequences encoding pre-membrane and envelope proteins of a
tick-borne encephalitis or a Langat virus, and the signal sequence between the capsid and
pre-membrane proteins of the chimeric flavivirus comprises a tick-borne encephalitis or a Langat virus
capsid/premembrane signal sequence, or a variant thereof.        33. A pharmaceutical composition
comprising a pseudoinfectious flavivirus of any of claims 1-21, the composition of claim 22, or the live,
attenuated flavivirus of any of claims 30-32 and a pharmaceutically acceptable carrier or diluent. 



34. The pharmaceutical composition of claim 33, further comprising an adjuvant.        35. A
replication-deficient pseudoinfectious flavivirus comprising a flavivirus genome comprising one or more
deletions or mutations in nucleotide sequences encoding non-structural protein 1 (NS I), non-structural
protein 3 (NS3), or non-structural protein 5 (NS5).        36. A nucleic acid molecule corresponding to
the genome of a pseudoinfectious flavivirus of any of claims 1-21 or 35, or the genome the live,
attenuated flavivirus of any of claims 30-32.        37. A method of making a replication-deficient
pseudoinfectious flavivirus of any of claims 1-21 or 35, the method comprising introducing a nucleic
acid molecule of claim 36 into a cell that expresses the protein corresponding to any sequences
deleted from the flavivirus genome of the replication-deficient pseudoinfectious flavivirus.         38. The
method of claim 37, wherein the protein is expressed in the cell from the genome of a second,
different, replication-deficient pseudoinfectious flavivirus. 39. The method of claim 37, wherein the
protein is expressed from a replicon. 40. The method of claim 39, wherein the replicon is an alphavirus
replicon.       41. The method of claim 40, wherein the alphavirus is a Venezuelan Equine Encephalitis
virus.       42. A composition comprising two or more replication-deficient pseudoinfectious flaviviruses,
wherein two of the replication-deficient pseudoinfectious flaviviruses are selected from the groups
consisting of:        (a) a replication-deficient pseudoinfectious flavivirus comprising a genome
comprising Japanese encephalitis virus sequences, and a replication-deficient pseudoinfectious
flavivirus comprising a genome comprising dengue virus sequences;        (b) a replication-deficient
pseudoinfectious flavivirus comprising a genome comprising yellow fever virus sequences, and a
replication-deficient pseudoinfectious flavivirus comprising a genome comprising dengue virus
sequences; and        (c) a replication-deficient pseudoinfectious flavivirus comprising a genome
comprising tick-borne encephalitis or Langat virus sequences and an inserted sequence encoding a
Borrelia burgdorjiri immunogen, and a replication-deficient pseudoinfectious flavivirus comprising a
genome comprising tick-borne encephalitis or Langat virus sequences and an inserted sequence
encoding a tick saliva protein immunogen, or a replication-deficient pseudoinfectious flavivirus
comprising a genome comprising tick-borne encephalitis or Langat virus sequences and inserted
sequences encoding a Borrelia burgdorjeri immunogen and a tick saliva protein immunogen.       43. A
pharmaceutical composition comprising the live, attenuated chimeric flavivirus of any of claims 30-32.
44. A method of inducing an immune response to tick-borne encephalitis virus or Langat virus in a
subject, the method comprising administering to the subject the pharmaceutical composition of claim
43.       45. The method of claim 44, wherein the subject does not have but is at risk of developing
infection by tick-borne encephalitis virus or Langat virus.       46. The method of claim 44, wherein the
subject is infected with tick-borne encephalitis virus or Langat virus.       47. A replication-deficient
pseudoinfectious flavivirus comprising a flavivirus genome comprising one or more deletions or
mutations in nucleotide sequences encoding one or more proteins selected from the group consisting
of capsid (C), pre-membrane (prM), envelope (E), non-structural protein I (NS1), non-structural protein
3 (NS3), and non-structural protein 5 (NS5), wherein the flavivirus genome comprises yellow fever
virus sequences in which sequences encoding pre-membrane and envelope proteins are replaced with
sequences encoding pre-membrane and envelope proteins of a tick-borne encephalitis virus or a
Langat virus, and sequences encoding the signal sequence between the capsid and pre-membrane
proteins of the flavivirus genome comprise a hybrid of sequences encoding yellow fever virus and
tick-borne encephalitis or Langat virus capsid/pre-membrane signal sequences, or a variant thereof.
48. The replication-deficient pseudoinfectious flavivirus of claim 47, wherein the sequences encoding
the capsid/pre-membrane signal sequence of the flavivirus genome comprise yellow fever virus
sequences in the 5' region and tick-borne encephalitis or Langat virus sequences in the 3' region.
49. A replication-deficient pseudoinfectious flavivirus comprising a flavivirus genome comprising one or
more deletions or mutations in nucleotide sequences encoding one or more proteins selected from the
group consisting of capsid (C), pre-membrane  (prM), envelope (E), non-structural protein I (NS1),
non-structural protein 3 (NS3), and non-structural protein 5 (NS5), wherein the flavivirus genome
comprises West Nile virus sequences in which sequences encoding pre-membrane and envelope
proteins are replaced with sequences encoding pre-membrane and envelope proteins of a tick-borne
encephalitis or a Langat virus, and the sequences encoding the signal sequence between the capsid
and pre-membrane proteins of the flavivirus genome comprise sequences encoding a tick-borne
encephalitis or a Langat virus capsid/pre-membrane signal sequence, or a variant thereof.       50. A
replication-deficient pseudoinfectious flavivirus comprising a flavivirus genome comprising one or more
deletions or mutations in nucleotide sequences encoding one or more proteins selected from the group
consisting of capsid (C), pre-membrane (prM), envelope (E), non-structural protein 1 (NS1),
non-structural protein 3 (NS3), and non-structural protein 5 (NS5), wherein any capsid (C) and
non-structural (NS) proteins in said flavivirus genome are from Langat virus and any pre-membrane
(prM) and envelope (E) proteins are from a tick-borne encephalitis virus. 






