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DESCRIPTION
TITLE OF THE INVENTION: BETACORONAVIRUS ATTENUATED STRAIN
TECHNICAL FIELD
[0001]

The present invention relates to a betacoronavirus attenuated strain.
BACKGROUND ART
[0002]

An infectious disease (COVID-19) with the novel coronavirus (SARS-CoV-2)
has caused a pandemic and is still a social problem. As vaccines against this infectious
disease, gene vaccines such as adenovirus vector vaccine and mRNA vaccines have
been approved, and inoculation has been advanced all over the world, starting from
Sputnik V (Non-Patent Document 1), which is an adenovirus vector vaccine approved
in Russia.

PRIOR ART DOCUMENT
NON-PATENT DOCUMENT
[0003]

Non-Patent Document 1: THE LANCET, VOLUME 396, ISSUE 10255, P
887-897, SEPTEMBER 26, 2020
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

However, gene vaccines are next-generation vaccines different from
conventional vaccines, and side reactions such as fever and thrombosis have been
reported. Therefore, it is considered that development of new vaccines is still

important.



[0005]

Therefore, it is an object of the present invention to provide a strain useful as a
new betacoronavirus vaccine.

MEANS FOR SOLVING THE PROBLEM
[0006]

As a result of intensive studies, the present inventors have found that a novel
betacoronavirus having a combination of a prescribed substitution mutation related to
temperature sensitivity and a prescribed deletion mutation related to growth reduction or
other attenuation as prescribed mutations related to attenuation is useful as a vaccine
strain of the betacoronavirus having excellent attenuation. The present invention has
been completed by further studies based on this knowledge. That is, the present
invention provides the inventions of the following modes.

[0007]
Item 1. A betacoronavirus attenuated strain including:

non-structural protein(s) having the following mutation of (b), a combination of
the following mutations of (¢) and (f), and/or the following mutation of (h); and

structural protein(s), accessory protein(s), and/or non-structural protein(s)
having the following mutations of (n), (0), and/or (r):

(b) a mutation of an amino acid residue corresponding to leucine at the 445th
position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,

(e) a mutation of an amino acid residue corresponding to glycine at the 248th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(f) a mutation of an amino acid residue corresponding to glycine at the 416th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(h) a mutation of an amino acid residue corresponding to valine at the 67th
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position of the amino acid sequence set forth in SEQ ID NO: 3 in NSP16,

(n) a loss-of-function mutation in ORFS,

(o) a deletion of an amino acid sequence corresponding to the 681st to 684th
positions of the amino acid sequence set forth in SEQ ID NO: 4 in a spike, and

(r) a deletion of an amino acid sequence corresponding to the 32nd to 39th
positions of the amino acid sequence set forth in SEQ ID NO: 8 in NSP1.

Item 2. The virus attenuated strain according to item 1, in which four types of mutations
or combination of mutations are selected from six types of mutations or combination of
mutations: the mutation of (b), the combination of the mutations of (¢) and (f), the
mutation of (h), the mutation of (n), the mutation of (0), and the mutation of (r).

Item 3. The virus attenuated strain according to item 1 or 2, in which one to two types
of mutations or combination of mutations are selected from three types of mutations or
combination of mutations: the mutation of (b), the combination of the mutations of (¢)
and (f), and the mutation of (h).

Item 4. The virus attenuated strain according to any of items 1 to 3, in which the
structural protein further includes the following mutations of (p) and/or (q):

(p) a mutation including deletions of amino acid sequences corresponding to
the 679th to 680th positions and the 685th to 686th positions of the amino acid sequence
set forth in SEQ ID NO: 4 in a spike, and

(q) a mutation of an amino acid residue corresponding to valine at the 687th
position of the amino acid sequence set forth in SEQ ID NO: 4 in a spike.

Item 5. The virus attenuated strain according to item 4, including the combination of the
mutations of (e) and (f) and the following mutation of (g):
(g) a mutation of an amino acid residue corresponding to alanine at the 504th

position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14.
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Item 6. The betacoronavirus attenuated strain according to item 4 or 5, in which the
mutation of (n) is a deletion of an amino acid sequence corresponding to the amino acid
sequence encoded by the base sequence set forth in SEQ ID NO: 7.
Item 7. The virus attenuated strain according to any of items 1 to 6, in which the
mutation of (b) is a substitution with phenylalanine, the mutation of () is a substitution
with valine, the mutation of (f) is a substitution with serine, and the mutation of (h) is a
substitution with isoleucine.
Item 8. The virus attenuated strain according to any of items 4 to 7, in which the
mutation of (q) is a substitution with isoleucine.
Item 9. The virus attenuated strain according to any of items 1 to 8, in which the
betacoronavirus is SARS-CoV-2 virus.
Item 10. A live attenuated vaccine including the virus attenuated strain according to any
of items 1 to 9.
Item 11. The live attenuated vaccine according to item 10, which is administered nasally.
Item 12. The live attenuated vaccine according to item 10, which is administered
intramuscularly, subcutaneously, or intradermally.
EFFECTS OF THE INVENTION
[0008]

According to the present invention, a strain useful as a novel betacoronavirus
vaccine is provided.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 shows a method for temperature sensitization of SARS-CoV-2.

Fig. 2 shows the results of confirmation (CPE images) of temperature

sensitivity of SARS-CoV-2.



Fig. 3A shows the results of mutation analysis of each virus strain.

Fig. 3B shows CPE images by strains having a possibility of reverse mutation
of a temperature-sensitive strain (A50-18 [Reference Example]).

Fig. 3C shows CPE images by strains having a possibility of reverse mutation
of the temperature-sensitive strain (A50-18 [Reference Example]).

Fig. 3D shows the results of confirmation of temperature sensitivity of
recombinant viruses into which mutations in the temperature-sensitive strain (A50-18
[Reference Example]) have been introduced.

Fig. 3E shows the results of confirmation of temperature sensitivity of
recombinant viruses into which mutations in the temperature-sensitive strain (A50-18
[Reference Example]) have been introduced.

Fig. 4A shows the results of growth analysis of the temperature-sensitive strain
(A50-18 [Reference Example]).

Fig. 4B shows the results of growth analysis of the temperature-sensitive strain
(A50-18 [Reference Example]).

Fig. 5 shows weight changes of hamsters infected with the temperature-
sensitive strain (A50-18 [Reference Example]).

Fig. 6 shows weight changes of hamsters infected with the temperature-
sensitive strain (A50-18 [Reference Example]).

Fig. 7 shows viral amounts in the lungs or nasal wash of hamsters infected with
the temperature-sensitive strain (A50-18 [Reference Example]).

Fig. 8 shows an image of the lungs of hamsters infected with the temperature-
sensitive strain (A50-18 [Reference Example]).

Fig. 9 shows the results of histological analysis of the lungs of hamsters

infected with the temperature-sensitive strain (A50-18 [Reference Example]).
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Fig. 10 shows histological analysis (HE staining and IHC staining) of the lungs
of hamsters infected with the temperature-sensitive strain (A50-18 [Reference
Example]).

Fig. 11 shows weight changes of hamsters reinfected with the temperature-
sensitive strain (A50-18 [Reference Example]).

Fig. 12 shows weight changes of hamsters after infection with the temperature-
sensitive strain (A50-18 [Reference Example]).

Fig. 13 shows neutralizing antibody titers in serum of hamsters recovered after
infection with the temperature-sensitive strain (A50-18 [Reference Example]).

Fig. 14 shows a method for temperature sensitization of SARS-CoV-2 (G to
L50 series [Examples]).

Fig. 15 shows the results of confirmation (CPE images) of temperature
sensitivity of SARS-CoV-2 (G to L50 series [Examples]).

Fig. 16A shows the results of mutation analysis of additional isolates (H50-11,
L50-33, L50-40 [Examples]).

Fig. 16B shows CPE images of strains having a possibility of reverse mutation
of the temperature-sensitive strain (H50-11 [Example]).

Fig. 16C shows CPE images of strains having a possibility of reverse mutation
of the temperature-sensitive strains (L50-33, L50-40 [Examples]).

Fig. 17 shows deletions of base sequences found in relation to the temperature-
sensitive strains (H50-11, L50-33, L50-40 [Examples]).

Fig. 18 shows a schematic overview of the deletions of the base sequences
shown in Fig. 17 and deletions of amino acid sequences encoded thereby.

Fig. 19 shows the results of growth analysis of the temperature-sensitive strains

(H50-11, L50-33, L50-40 [Examples]).



Fig. 20 shows weight changes of hamsters infected with the temperature-
sensitive strains (A50-18 [Reference Example] and H50-11, L.50-33, LL.50-40
[Examples]).

Fig. 21 shows lung weight of hamsters infected with the temperature-sensitive
strains (A50-18 [Reference Example] and H50-11, L50-33, L50-40 [Examples]).

Fig. 22 shows viral amounts in the lungs or nasal wash of hamsters infected
with the temperature-sensitive strains (A50-18 [Reference Example] and H50-11, L50-
33, L50-40 [Examples]).

Fig. 23 shows weight changes of hamsters reinfected with the temperature-
sensitive strains (A50-18 [Reference Example] and H50-11, L.50-33, LL.50-40
[Examples]).

Fig. 24 shows neutralizing antibody titers in serum of hamsters after infection
with the temperature-sensitive strains (A50-18 [Reference Example] and H50-11, L50-
33, L50-40 [Examples]).

Fig. 25 shows evaluation of neutralizing activities of the temperature-sensitive
strain (A50-18 strain [Reference Example]) against SARS-CoV-2 mutant strains.

Fig. 26 shows a comparison of immunogenicities between administration
routes of the temperature-sensitive strain (A50-18 strain [Reference Example]).

Fig. 27 shows a comparison of immunogenicities between doses of the
temperature-sensitive strain (A50-18 strain [Reference Example]).

Fig. 28 shows evaluation of neutralizing activities of the temperature-sensitive
strain (A50-18 strain [Reference Example]) against SARS-CoV-2 mutant strains.

Fig. 29 shows evaluation of neutralizing activities of the temperature-sensitive
strain (A50-18 strain [Reference Example]) against SARS-CoV-2 mutant strains.

Fig. 30 shows CPE images during recovery culture after creation of vaccine
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candidate strains 1 to 7 [Examples].

Fig. 31A shows evaluation of temperature sensitivity of vaccine candidate
strains 1 to 7 [Examples].

Fig. 31B shows evaluation of temperature sensitivity of rTs-all strain
[Example].

Fig. 32 shows neutralizing antibody inducing abilities of vaccine candidate
strains 1, 3, 4, 6, and 7 [Examples] at low-titer and low-dose administration.

Fig. 33 shows the results of infection protection test after low-titer and low-
dose administration of the vaccine candidate strain 7 [Example].

Fig. 34 shows neutralizing antibody-inducing abilities of the vaccine candidate
strains 2 and 5 [Examples] at high-titer and high-dose administration.

Fig. 35 shows evaluation of growth of the vaccine candidate strain 2 [Example]
at each temperature.

Fig. 36 shows the results of durability test of humoral immunity induced by
administration of the vaccine candidate strain 2 [Example].

Fig. 37 shows the results of infection protection test (weight changes of
infected hamsters) by administration of the vaccine candidate strain 2 [Example].

Fig. 38 shows the results of study on reversion of virulence (presence or
absence of CPE) during in vivo passage of the vaccine candidate strain 2 [Example].

Fig. 39 shows the results of study on reversion of virulence (sequences of viral
RNA extracted from each nasal wash) during in vivo passage of the vaccine candidate
strain 2 [Example].

Fig. 40 shows the results of study on reversion of virulence (weight changes)
during in vivo passage of the vaccine candidate strain 2 [Example].

Fig. 41 shows evaluation of tissue damages (nasal cavity level 1) by the
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vaccine candidate strain 2 [Example].

Fig. 42 shows evaluation of tissue damages (nasal cavity level 2) by the
vaccine candidate strain 2 [Example].

Fig. 43 shows evaluation of tissue damages (nasal cavity level 3) by the
vaccine candidate strain 2 [Example].

Fig. 44 shows evaluation of tissue damages (lung) by the vaccine candidate
strain 2 [Example].

Fig. 45 shows neutralizing antibody titers induced by administration of the
vaccine candidate strain 2 [Example].

Fig. 46 shows the results of infection protection test (weight changes of
infected hamsters) by administration of the vaccine candidate strain 2 [Example].

Fig. 47 shows neutralizing antibody titers induced by administration of the
vaccine candidate strain 2 [Example].
EMBODIMENTS TO CARRY OUT THE INVENTION
[0010]
1. Betacoronavirus attenuated strain

The betacoronavirus attenuated strain of the present invention is characterized
by being a betacoronavirus having, non-structural protein(s) having prescribed
substitution mutation(s) related to temperature sensitivity, in combination with
structural protein(s), accessory protein(s), and/or non-structural protein(s) having
prescribed deletion mutation(s) related to growth reduction or other attenuation, as
prescribed mutations related to attenuation. Hereinafter, a prescribed substitution
mutation related to temperature sensitivity is also referred to as a “temperature-sensitive
mutation”, a prescribed deletion mutation related to growth reduction is also described

as a “growth reducing mutation”, and a prescribed deletion mutation other than the
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growth reducing mutations is also described as a “other attenuating mutation”.
[0011]

In the present invention, the “attenuation” refers to a characteristic of
attenuating pathogenicity of a virus against host. In addition, in the present invention,
the “temperature sensitivity” refers to a characteristic in which growth at a human body
temperature (so-called a lower respiratory tract temperature) is limited and a
characteristic having a growth capability specifically at a low temperature (typically, not
higher than a human upper respiratory tract temperature). Moreover, in the present
invention, the “growth reducing” refers to a characteristic in which the growth is limited
and the characteristic is not temperature-specific.

[0012]

The betacoronavirus attenuated strain of the present invention not only exhibits
efficacy as a vaccine by having the prescribed mutation(s) related to attenuation
described above, but also has a combination of the substitution mutation(s) and deletion
mutation(s) that is less likely to revert to mutation, so that the possibility of causing
reversion of virulence is extremely low. In this respect, the usefulness in the case of
assuming application to humans is remarkably increased.

[0013]

The coronavirus is morphologically spherical with a diameter of about 100 to
200 nm and has protrusions on the surface. The coronavirus is virologically classified
into Nidovirales, Coronavirinae, Coronaviridae. There is a genome of positive-
stranded single-stranded RNA wound around a nucleocapsid protein (hereinafter, also
referred to as a “nucleocapsid” or “Nucleocapsid”) in the envelope of the lipid bilayer
membrane, and a spike protein (hereinafter also referred to as a “spike” or “Spike”), an

envelope protein (hereinafter also referred to as an “envelope” or “Envelope”), and a
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membrane protein (hereinafter also referred to as a “membrane” or “Membrane”) are
arranged on the surface of the envelope. The size of the viral genome is about 30 kb,
the longest among RNA viruses. The nucleocapsid, spike, envelope, and membrane
are structural proteins of coronaviruses. NSP1 to NSP16 are non-structural proteins of
coronavirus. In addition, ORF7a, ORF7b, ORF8, and the like are accessory proteins
of coronavirus. The accessory protein can also be referred to as an accessory protein.
[0014]

Coronaviruses are classified into groups of alpha, beta, gamma, and delta from
genetic characteristics.  As coronaviruses infecting humans, there are known four types
of human coronaviruses 229E, OC43, NL63, and HKU-1 as causative viruses of cold,
and severe acute respiratory syndrome (SARS) coronavirus that occurred in 2002 and
Middle East respiratory syndrome (MERS) coronavirus that occurred in 2012, both of
which cause serious pneumonia. Human coronaviruses 229E and NL63 are classified
into Alphacoronavirus genus, and human coronaviruses OC43, HKU-1, SARS
coronavirus, and MERS coronavirus are classified into the Betacoronavirus genus.
[0015]

SARS-CoV-2 classified as SARS coronavirus has been isolated and identified
as a causative virus of the novel coronavirus infection that occurred in Wuhan in 2019.
SARS-CoV-2 has been mutated repeatedly from the early Wuhan strain, and mutant
strains such as a strain detected in the United Kingdom, a strain detected in South
Africa, and a strain detected in India have been found. There are also possibilities that
there is a mutant strain that has not yet been detected and that a new mutant strain will
occur in the future. In the present invention, the virus included in the genus
Betacoronavirus is not limited to the strain of SARS-CoV-2 described above, and

includes all other betacoronaviruses (for example, other SARS-CoV-2 mutant strains
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that will be newly detected in the future and betacoronaviruses other than SARS-CoV-2,
and recombinant viruses in which the spike protein of SARS-CoV-2 or betacoronavirus
other than SARS-CoV-2 is replaced with a spike protein of at least one of other SARS-
CoV-2 and betacoronavirus other than SARS-CoV-2 (including viruses that will be
newly detected in the future), and the like).

[0016]

The prescribed mutations related to attenuation possessed by the
betacoronavirus attenuated strain of the present invention will be described based on
Table 1 below. Mutation (b), a combination of mutation (¢) and mutation (f), and/or
mutation (h) indicated as “Temperature-sensitive mutation” in Table 1 are substitution
mutations and are responsible mutations that contribute to providing a temperature-
sensitive capability essentially held by the betacoronavirus attenuated strain of the
present invention. In other words, in the present invention, examples of the
temperature-sensitive mutation include three types: “mutation (b)”, “combination of
mutation (¢) and mutation (f)”, and “mutation (h)”. Typical betacoronavirus
attenuated strains of the present invention have one or two types of these three types of
temperature-sensitive mutations. Mutation (n), mutation (o) and/or mutation (r)
indicated as “Growth reducing mutation” and “Other attenuating mutation” in Table 1
are deletion mutations, and are mutations essentially held by the betacoronavirus
attenuated strain of the present invention that are considered to contribute to providing
growth reduction or other attenuation (in particular, it is considered that the mutation (r)
contributes to providing growth reduction), and expresses excellent attenuation in
combination with temperature-sensitive mutation(s). Mutations (a), (¢), (d), (g), (1) to
(m), (p), and (q) indicated as “Other mutation” in Table 1 are mutations that can be

optionally held by the betacoronavirus attenuated strains of the present invention, and

12



the betacoronavirus attenuated strains of the present invention may or may not hold at

least any of the other mutations.

[0017]

[Table 1]

In case of mutant strain of SARS-CoV-2 of

Mutation . Amino acid Amino acid after NC 045512 (NCBI)
. Polypeptide . . - - - o,
sign before mutation mutation SEQ ID|Mutation sign in | Mutation position
NO |left SEQ ID NO |in left SEQ ID NO
Other mutation (a) NSP3 Valine (V) Alanine (A) 1 (a") 404
Temperature- . . .
sensitive mutation (b) NSP3 Leucine (L) Phenylalanine (F) 1 b") 445
Other mutation (c) NSP3 Lysine (K) Arginine (R) 1 (c) 1792
Other mutation (d) NSP3 Aspartic acid (D) | Asparagine (N) 1 (d" 1832
Temperature- (e) NSP14 Glycine (G) Valine (V) 2 (e 248
sensitive mutation ) NSP14 Glycine (G) Serine (S) 2 ) 416
Other mutation ) NSP14 Alanine (A) Valine (V) 2 g" 504
Temperature- . . .
sensitive mutation (h) NSP16 Valine (V) Isoleucine (I) 3 (h") 67
Other mutation 1) Spike Leucine (L) Tryptophan (W) 4 1" 54
Other mutation ) Spike Threonine (T) Lysine (K) 4 G 739
Other mutation k) Spike Alanine (A) Valine (V) 4 k" 879
Other mutation (03] Envelope Leucine (L) Proline (P) 5 I 28
Other mutation (m) |Nucleocapsid Serine (S) Phenylalanine (F) 6 (m") 2
Other attenuating (Complete . . s
mutation (n) ORFS function) (Loss-of-function) 7 (n") 1-703 (Deletion)
Other attenuating . . . . .
mutation (o) Spike (Complete) (Partial deletion) 4 (o) 681-684 (Deletion)
. . . . \ 679-680 (Deletion)
Other mutation () Spike (Complete) (Partial deletion) 4 " 685-686 (Deletion)
Other mutation (qQ) Spike Valine (V) Isoleucine (I) 4 q") 687
Growth reducing ® NSP1 (Complete) | (Partial deletion) | 8 ) 32-39 (Deletion)

mutation

The mutation of (b), the combination of mutations of (e) and (f), the mutation of (h), the mutation of (n), the mutation of (o), and the
mutation of (r) above are prescribed mutations related to attenuation.
*In a case where a sequence corresponding to positions | to 703 of SEQ ID NO: 7 is deleted, an amino acid sequence encoded by a
base sequence from the middle of ORF7a to the middle of ORFS is deleted.

[0018]

That is, the essential mutations related to attenuation possessed by the

betacoronavirus of the present invention are the following mutation of (b), a

combination of the following mutations of () and (f), and/or the following mutation of

(h), which are temperature-sensitive mutations; and the following mutations of (n), (o)

and/or (r), which are growth reducing or other attenuating mutations.

(b) a mutation of an amino acid residue corresponding to leucine at the 445th

position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,
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(e) a mutation of an amino acid residue corresponding to glycine at the 248th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(f) a mutation of an amino acid residue corresponding to glycine at the 416th
position of the amino acid sequence set forth in SEQ ID NO: 2, in NSP14,

(h) a mutation of an amino acid residue corresponding to valine at the 67th
position of the amino acid sequence set forth in SEQ ID NO: 3 in NSP16,

(n) a loss-of-function mutation in ORFS,

(0) a deletion of amino acid residues corresponding to the 681st to 684th
positions of the amino acid sequence set forth in SEQ ID NO: 4 in a spike, and

(r) a deletion of an amino acid sequence corresponding to the 32nd to 39th
positions of the amino acid sequence set forth in SEQ ID NO: 8 in NSP1.

[0019]

The above mutation of (n) is acceptable as long as it is a mutation by which the
function of ORFS is lost, but preferably includes a deletion of an amino acid sequence
corresponding to the amino acid sequence encoded by the base sequence set forth in
SEQ ID NO: 7.

[0020]

In a preferred embodiment of the present invention, from the viewpoint of
controlling the level of temperature sensitivity to the preferred degree, one to two types
of mutations or combinations of mutations are selected from the above temperature-
sensitive mutations (that is, three types of mutations or combinations of mutations: the
mutation of (b), the combination of mutations of (¢) and (f), and the mutation of (h)).
[0021]

In a preferred embodiment of the present invention, among the above growth

reducing or other attenuating mutations, the mutation of (o) and the mutation of (r) are
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preferable.
[0022]

In a preferred embodiment of the present invention, four types of mutations or
combinations of mutations are selected from six types of the prescribed mutations
related to attenuation (that is, six types: the mutation of (b), the combination of
mutations of (¢) and (f), the mutation of (h), the mutation of (n), the mutation of (0), and
the mutation of (r)) from the viewpoint of exhibiting preferred immunogenicity as well
as preferred attenuation.

[0023]

In addition to the above essential mutations, the betacoronavirus attenuated
strain of the present invention can further hold at least any one of the following
mutations (a), (¢), (d), (g), (1) to (m), (p), and (q) as other mutation(s).

(a) a mutation of an amino acid residue corresponding to valine at the 404th
position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,

(c) a mutation of an amino acid residue corresponding to lysine at the 1792nd
position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,

(d) a mutation of an amino acid residue corresponding to aspartic acid at the
1832nd position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,

(g) a mutation of an amino acid residue corresponding to alanine at the 504th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(1) a mutation of an amino acid residue corresponding to leucine at the 54th
position of the amino acid sequence set forth in SEQ ID NO: 4 in a spike,

(j) a mutation of an amino acid residue corresponding to threonine at the 739th
position of the amino acid sequence set forth in SEQ ID NO: 4 in Spike,

(k) a mutation of an amino acid residue corresponding to alanine at the 879th
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position of the amino acid sequence set forth in SEQ ID NO: 4 in Spike,

(1) a mutation of an amino acid residue corresponding to leucine at the 28th
position of the amino acid sequence set forth in SEQ ID NO: 5 in Envelope,

(m) a mutation of an amino acid residue corresponding to serine at the 2nd
position of the amino acid sequence set forth in SEQ ID NO: 6 in a nucleocapsid,

(p) a mutation including deletions of amino acid residues corresponding to the
679th to 680th positions and the 685th to 686th positions of the amino acid sequence set
forth in SEQ ID NO: 4 in Spike, and

(q) a mutation of an amino acid residue corresponding to valine at the 687th
position of the amino acid sequence set forth in SEQ ID NO: 4 in Spike.

[0024]

When the betacoronavirus attenuated strain of the present invention has other
mutation, it is preferable to have the mutation of (g) among the other mutations from the
viewpoint of enhancing temperature sensitivity. When the betacoronavirus attenuated
strain of the present invention has the mutation of (g) as other mutation, the mutation of
(g) is preferably used together with the combination of the mutations of (¢) and (f) from
the viewpoint of enhancing temperature sensitivity.

[0025]

SEQ ID NO: 1 is the amino acid sequence of NSP3 in SARS-CoV-2 of
NC 045512 (NCBI); SEQ ID NO: 2 is the amino acid sequence of NSP14 in SARS-
CoV-2 of NC 045512 (NCBI); and SEQ ID NO: 3 is the amino acid sequence of
NSP16 in SARS-CoV-2 of NC_045512 (NCBI).

[0026]
In addition, SEQ ID NO: 4 is the amino acid sequence of the spike in SARS-

CoV-2 of NC 045512 (NCBI); SEQ ID NO: 5 is the amino acid sequence of the
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envelope in SARS-CoV-2 of NC 045512 (NCBI); and SEQ ID NO: 6 is the amino acid
sequence of the nucleocapsid in SARS-CoV-2 of NC 045512 (NCBI).
[0027]

Further, SEQ ID NO: 7 is the base sequence of the part of open reading frames
of SARS-CoV-2 of NC 045512 (NCBI), specifically, across a portion of ORF7a, the
entire ORF7b, and most of ORFS; and SEQ ID NO: 8 is the amino acid sequence of
NSP1 in SARS-CoV-2 of NC_045512 (NCBI).

[0028]

The “amino acid residue corresponding” refers to an amino acid residue present
at the above prescribed position in the amino acid sequences of SEQ ID NOs: 1 to 4 (or
1 to 6), 8, or the amino acid sequence encoded by the base sequence set forth in SEQ ID
NO: 7 when the betacoronavirus attenuated strain of the present invention is a mutant
strain of SARS-CoV-2 of NC 045512 (NCBI), and refers to an amino acid residue
present at a position corresponding to the above prescribed position in the amino acid
sequences of SEQ ID NOs: 1 to 4 (or 1 to 6), 8 of the polypeptide possessed by another
betacoronavirus, or the amino acid sequence encoded by the base sequence set forth in
SEQ ID NO: 7 when the betacoronavirus attenuated strain of the present invention is
another betacoronavirus mutant strain other than the above mutant strain. The
corresponding position can be identified by aligning amino acid sequences between
proteins having the amino acid sequences of SEQ ID NOs: 1 to 4 (or 1 to 6) and 8 or
proteins having the amino acid sequence encoded by the base sequence set forth in SEQ
ID NO: 7 of SARS-CoV-2 of NC_045512 (NCBI) and proteins of other
betacoronaviruses corresponding to the proteins.

[0029]

The virus attenuated strain of the present invention is not limited to a mutant
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strain of specific SARS-CoV-2 listed in NC_045512 (NCBI) as long as an amino acid
residue or amino acid sequence corresponding to the above prescribed positions in the
amino acid sequences of SEQ ID NOs: 1 to 4 (or 1 to 6), 8, or the amino acid sequence
encoded by the base sequence set forth in SEQ ID NO: 7 is mutated, but includes other
betacoronavirus mutant strains [i.e., any other mutant strains of SARS-CoV-2 and
mutant strains of viruses other than SARS-CoV-2 which are included in the
Betacoronavirus genus]. The mutant strains of specific SARS-CoV-2 listed in

NC 045512 (NCBI) are defined as mutant strains in which at least any one of amino
acid residues or amino acid sequences at the above specific positions in the amino acid
sequences of SEQ ID NOs: 1 to 4 (or 1 to 6), 8, or the amino acid sequence encoded by
the base sequence set forth in SEQ ID NO: 7 in the specific SARS-CoV-2 is mutated,
and the other betacoronavirus mutant strains refer to both any other mutant strains of
SARS-CoV-2 [i.e., mutant strains in which amino acid residues or amino acid
sequences corresponding to the above prescribed positions in the amino acid sequences
of SEQ ID NOs: 1 to 4 (or 1 to 6), 8, or the amino acid sequence encoded by the base
sequence set forth in SEQ ID NO: 7 in any other SARS-CoV-2 are mutated] and mutant
strains of viruses other than SARS-CoV-2 which are included in the Betacoronavirus
genus [i.e., mutant strains in which amino acid residues or amino acid sequences
corresponding to the above prescribed positions in the amino acid sequences of SEQ ID
NOs: 1to 4 (or 1 to 6), 8, or the amino acid sequence encoded by the base sequence set
forth in SEQ ID NO: 7 in viruses other than SARS-CoV-2 which are included in the
Betacoronavirus genus are mutated]. Any other mutant strains of SARS-CoV-2 and
mutant strains of viruses other than SARS-CoV-2 which are included in the
Betacoronavirus genus also include mutant strains of recombinant viruses in which the

spike protein of SARS-CoV-2 or betacoronavirus other than SARS-CoV-2 is replaced
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with a spike protein of at least one of other SARS-CoV-2 and betacoronaviruses other
than SARS-CoV-2 (including viruses that will be newly detected in the future).
[0030]

Each of the amino acid sequences of SEQ ID NOs: 1 to 4 (or 1 to 6), 8, or the
sequence corresponding to the base sequence set forth in SEQ ID NO: 7 in other
betacoronavirus mutant strains is allowed to differ from the amino acid sequences of
SEQ ID NOs: 1 to 4 (or 1 to 6), 8, or the base sequence set forth in SEQ ID NO: 7, as
long as it does not significantly affect the characteristics of the polypeptide. The
phrase “does not significantly affect the characteristics of the polypeptide” refers to a
state in which a function as a non-structural protein, a structural protein, or an accessory
protein of each polypeptide is maintained. Specifically, at a site other than an amino
acid or base sequence corresponding to the prescribed mutations related to attenuation
in the amino acid sequences of SEQ ID NOs: 1 to 4, 8, or the base sequence set forth in
SEQ ID NO: 7, or in the case of further having other mutations, at site(s) other than
amino acid residue(s) corresponding to the other mutations in SEQ ID NOs: 5 and 6
described above (hereinafter, a site other than amino acid residues or bases
corresponding to these mutations is also referred to as an “any different site”), a
difference from SEQ ID NOs: 1to 4, 7, 8 (or 1 to 8) is acceptable. The acceptable
difference may be one type of difference selected from substitution, addition, insertion,
and deletion (e.g., substitution), or may include two or more types of differences (e.g.,
substitution and insertion). A sequence identity calculated by comparing only any
different sites of amino acid sequences corresponding to SEQ ID NOs: 1 to 4 (or 1 to 6),
8 or the base sequence set forth in SEQ ID NO: 7 in any other SARS-CoV-2 and the
amino acid sequences set forth in SEQ ID NOs: 1 to 4 (or 1 to 6), 8 or the base sequence

set forth in SEQ ID NO: 7 may be not less than 50%. In any other SARS-CoV-2, the
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sequence identity is preferably not less than 60% or not less than 70%, more preferably
not less than 80%, further preferably not less than 85% or not less than 90%, still more
preferably not less than 95%, not less than 96%, not less than 97%, or not less than 98%,
still more preferably not less than 99%, and particularly preferably not less than 99.3%,
not less than 99.5%, not less than 99.7%, or not less than 99.9%. In any remaining
betacoronavirus, the sequence identity is preferably not less than 60%. Here, the
“sequence identity” shows an identity value of an amino acid sequence obtained by
BLAST PACKAGE [sgi32 bit edition, Version 2.0.12; available from National Center
for Biotechnology Information (NCBI)] bl2seq program (Tatiana A. Tatsusova, Thomas
L. Madden, FEMS Microbiol. Lett., Vol. 174, p247-250, 1999). Parameters may be
set to Gap insertion Cost value:11 and Gap extension Cost value:1.

[0031]

That is, the betacoronavirus attenuated strain of the present invention is more
specifically as follows:

A betacoronavirus attenuated strain including non-structural protein(s),
accessory protein(s), and structural protein(s) consisting of at least any one of the
following polypeptides (1), (I1) and (III):

(1) at least any one of the following polypeptides (I-1) to (I-3) and at least any one of the
following polypeptides (1-4) to (I-6):

(I-1) a polypeptide (NSP3) consisting of an amino acid sequence having, as a
temperature-sensitive mutation, a substitution mutation of leucine at the 445th position
(b") in the amino acid sequence set forth in SEQ ID NO: 1,

(I-2) a polypeptide (NSP14) consisting of an amino acid sequence having, as
temperature-sensitive mutations, a substitution mutation of glycine at the 248th position

(¢') and a substitution mutation of glycine at the 416th position (f”) in the amino acid
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sequence set forth in SEQ ID NO: 2,

(I-3) a polypeptide (NSP16) consisting of an amino acid sequence having, as a
temperature-sensitive mutation, a substitution mutation of valine at the 67th position (h')
in the amino acid sequence set forth in SEQ ID NO: 3,

(I-4) a polypeptide (ORF) consisting of an amino acid sequence having, as
other attenuating mutation, a deletion mutation (n’) of the amino acid sequence encoded
by the base sequence set forth in SEQ ID NO: 7,

(I-5) a polypeptide (spike) consisting of an amino acid sequence having, as
other attenuating mutation, a deletion mutation (0’) at the 681st to 684th positions in the
amino acid sequence set forth in SEQ ID NO: 4, and

(I-6) a polypeptide (NSP1) consisting of an amino acid sequence having, as a
growth reducing mutation, a deletion mutation (r’) at the 32nd to 39th positions in the
amino acid sequence set forth in SEQ ID NO: §;

(IT) a polypeptide in which in the amino acid sequence of the polypeptide (I), one or
more amino acid residues other than the amino acid residue(s) related to the
temperature-sensitive mutation(s) and the amino acid sequence(s) related to the growth
reducing or other attenuating mutation(s) are substituted, added, inserted, or deleted,
and the polypeptide constituting a betacoronavirus that has acquired a temperature-
sensitive capability and an attenuation capability; and

(IIT) a polypeptide having a sequence identity of not less than 50% in the amino acid
sequence of the polypeptide (I) excluding the amino acid residue(s) related to the
temperature-sensitive mutation(s) and the amino acid sequence(s) related to the growth
reducing or other attenuating mutation(s), and the polypeptide constituting a
betacoronavirus that has acquired a temperature-sensitive capability and an attenuation

capability.
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[0032]

When the more specific betacoronavirus attenuated strain described above
includes other mutation(s) in addition to the temperature-sensitive mutation(s) and
growth reducing or other attenuating mutation(s), as shown below, the polypeptides (I-
1) and (I-2) described above (non-structural proteins) and the polypeptide (I-5)
described above (structural protein) may be the polypeptides (I-1a) and (I-2a) and (I-5a)
described below that also have other mutation(s) in addition to temperature-sensitive
mutation(s) and growth reducing or other attenuating mutation(s), respectively, and the
polypeptide (I) described above may further include the polypeptides (I-7a) and (I-8a)
described below (structural proteins) that have other mutation(s).

A betacoronavirus attenuated strain including structural protein(s), accessory
protein(s) and non-structural protein(s) consisting of at least any one of the following
polypeptides (1), (II), and (III):

(D) at least any one of the following polypeptides (I-1a), (I-2a), and (I-3) ; and at least
any one of the following polypeptides (I-4), (I-5a), and (I-6), or in addition thereto, at
least one of the following polypeptides (I-7a) and (I-8a):

(I-1a) a polypeptide (NSP3) consisting of an amino acid sequence
having, as a temperature-sensitive mutation, a mutation of leucine at the 445th position
(b") and, as other mutation(s), a mutation of at least any one of a mutation of valine at
the 404th position (a'), a mutation of lysine at the 1792nd position (c'), and a mutation
of aspartic acid at the 1832nd position (d') in the amino acid sequence set forth in SEQ
IDNO: 1,

(I-2a) a polypeptide (NSP14) consisting of an amino acid sequence
having, as temperature-sensitive mutations, a mutation of glycine at the 248th position

(e') and a mutation of glycine at the 416th position (f') and, as other mutation, a
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mutation of alanine at the 504th position (g') in the amino acid sequence set forth in
SEQ ID NO: 2,

(I-3) a polypeptide (NSP16) consisting of an amino acid sequence
having, as a temperature-sensitive mutation, a mutation of valine at the 67th position
(h') in the amino acid sequence set forth in SEQ ID NO: 3,

(I-4) a polypeptide (ORF) consisting of an amino acid sequence
having, as other attenuating mutation, a deletion mutation (n’) of the amino acid
sequence encoded by the base sequence set forth in SEQ ID NO: 7,

(I-5a) a polypeptide (spike) consisting of an amino acid sequence
having, as other attenuating mutation, a deletion mutation at the 681st to 684th positions
(0”); and, as other mutation(s), a mutation of at least any one of a mutation of leucine at
the 54th position (i’), a mutation of threonine at the 739th position (j’), and a mutation
of alanine at the 879th position (k’), and a mutation of at least one of a deletion
mutation of amino acid sequences at the 679th to 680th positions and the 685th to 686th
positions (p’) and a mutation of valine at the 687th position (q’) in the amino acid
sequence set forth in SEQ ID NO: 4,

(I-6) a polypeptide (NSP1) consisting of an amino acid sequence
having, as a growth reducing mutation, a deletion mutation (r’) at the 32nd to 39th
positions in the amino acid sequence set forth in SEQ ID NO: 8

(I-7a) a polypeptide (envelope) consisting of an amino acid sequence
having, as other mutation, a mutation of leucine at the 28th position (I') in the amino
acid sequence set forth in SEQ ID NO: 5,

(I-8a) a polypeptide (nucleocapsid) consisting of an amino acid
sequence having, as other mutation, a mutation of serine at the 2nd position (m') in the

amino acid sequence set forth in SEQ ID NO: 6;
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(IT) a polypeptide in which in the amino acid sequence of the polypeptide (I), one or
more amino acid residues other than the amino acid residue(s) related to the
temperature-sensitive mutation(s), the growth reducing or other attenuating mutation(s)
and the amino acid residue(s) or amino acid sequence(s) related to the other mutation(s)
are substituted, added, inserted, or deleted, and the polypeptide constituting a
betacoronavirus that has acquired a temperature-sensitive capability and an attenuation
capability; and

(IIT) a polypeptide having a sequence identity of not less than 50% in the amino acid
sequence of the polypeptide (I) excluding the amino acid residue(s) related to the
temperature-sensitive mutation(s), the growth reducing or other attenuating mutation(s)
and the amino acid residue(s) or amino acid sequence(s) related to the other mutation(s),
and constituting a betacoronavirus that has acquired a temperature-sensitive capability
and an attenuation capability.

[0033]

The above mutations of (a’) to (r’) refer to mutations when the mutations of (a)
to (r) are specifically present in the amino acid sequences of SEQ ID NOs: 1 to 6, the
base sequence of SEQ ID NO: 7, and the amino acid sequence of SEQ ID NO: 8,
respectively.  In other words, the above polypeptide (1) is a polypeptide obtained by
introducing temperature-sensitive mutation(s), growth reducing or other attenuating
mutation(s), or in addition thereto, other mutation(s) into a polypeptide consisting of the
amino acid sequences of SEQ ID NOs: 1 to 6, the amino acid sequence encoded by the
base sequence of SEQ ID NO: 7, and the amino acid sequence of SEQ ID NO: 8
possessed by SARS-CoV-2 of NC 045512 (NCBI). In addition, the above
polypeptides (II) and (III) are obtained by introducing temperature-sensitive mutation(s),

growth reducing or other attenuating mutation(s), or in addition thereto, other
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mutation(s) into a polypeptide consisting of amino acid sequences corresponding to the
amino acid sequences of SEQ ID NOs: 1 to 6, the amino acid sequence encoded by the
base sequence of SEQ ID NO: 7, and the amino acid sequence of SEQ ID NO: 8, which
are possessed by another betacoronavirus. Preferred ranges of the sequence identity of
the above polypeptides (II) and (III) are as described above.

[0034]

The betacoronavirus can acquire temperature sensitivity by having the above
temperature-sensitive mutation, and can acquire excellent attenuation by having the
above growth reducing or other attenuating mutation together with the above
temperature-sensitive mutation. In the virus attenuated strain of the present invention,
a growth capability at a human lower respiratory tract temperature is at least decreased
as compared with a growth capability at a temperature lower than a human lower
respiratory tract temperature, and preferably, the virus attenuated strain of the present
invention does not have a growth capability at a human lower respiratory tract
temperature. In the present invention, the temperature-sensitive capability can be
confirmed by the fact that after Vero cells are infected with the virus attenuated strain at
MOI =0.01 at a human lower respiratory tract temperature and then the virus attenuated
strain is cultured at a human lower respiratory tract temperature for 1 day a virus titer
(TCID50/mL) in culture supernatant is decreased, for example, by not less than 10,
preferably by not less than 10°, as compared with a virus titer in culture supernatant
after Vero cells are infected with the virus attenuated strain at MOI = 0.01 at a human
upper respiratory tract temperature and then the virus attenuated strain is cultured at a
human upper respiratory tract temperature for 1 day.

[0035]

Typically, in the virus attenuated strain of the present invention, a growth
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capability at a human lower respiratory tract temperature is decreased as compared with
a growth capability at a human lower respiratory tract temperature in the case of not
having the above temperature-sensitive mutation. This can be confirmed by the fact
that, after Vero cells are infected with the virus attenuated strain at MOI = 0.01 at a
human lower respiratory tract temperature and then the virus attenuated strain is
cultured at a human lower respiratory tract temperature for 1 day, a virus titer
(TCID50/mL) in culture supernatant is decreased, for example, by not less than 107,
preferably by not less than 10°, as compared with a virus titer in culture supernatant
after Vero cells are infected with a strain not having the above temperature-sensitive
mutation at MOI = 0.01 at a human lower respiratory tract temperature and then the
strain is cultured at a human lower respiratory tract temperature for 1 day.

[0036]

Representative examples of the human lower respiratory tract temperature
include about 37°C, and specifically include a temperature higher than the upper
respiratory tract temperature described below, preferably 36 to 38°C, and more
preferably 36.5 to 37.5°C or 37 to 38°C. In addition, the virus attenuated strain of the
present invention may have a growth capability at a temperature lower than a human
lower respiratory tract temperature. For example, the temperature lower than the
human lower respiratory tract temperature may include, for example, a human upper
respiratory tract temperature (as a specific example, about 32°C to 35.5°C).

[0037]

The above temperature-sensitive mutations are not present on receptor-binding
domains of a spike protein present on a surface of the virus, which is important when
the virus infects cells. Therefore, it is reasonably expected that not only the SARS-

CoV-2 listed in NC_045512 (NCBI) but also other betacoronaviruses can be made
26



temperature-sensitive by introducing the above temperature-sensitive mutation. In
other words, it is reasonably expected that, even if a mutation occurs so as to alter the
immunogenicity of the virus due to worldwide infection, temperature sensitivity can be
provided for the mutant virus by further introducing the above temperature-sensitive
mutation into the mutant virus.

[0038]

Regarding the temperature-sensitive mutations, the above mutation of (b) may
be a substitution with an amino acid residue other than leucine, the above mutation of
(e) may be a substitution with an amino acid residue other than glycine, the above
mutation of (f) may be a substitution with an amino acid residue other than glycine, and
the above mutation of (h) may be a substitution with an amino acid residue other than
valine. Regarding other mutations, the above mutation of (a) may be a substitution
with an amino acid residue other than valine, the above mutation of (¢) may be a
substitution with an amino acid residue other than lysine, the above mutation of (d) may
be a substitution with an amino acid residue other than aspartic acid, the above mutation
of (g) may be a substitution with an amino acid residue other than alanine, the above
mutation of (i) may be a substitution with an amino acid residue other than leucine, the
above mutation of (j) may be a substitution with an amino acid residue other than
threonine, the above mutation of (k) may be a substitution with an amino acid residue
other than alanine, the above mutation of (I) may be a substitution with an amino acid
residue other than leucine, the above mutation of (m) may be a substitution with an
amino acid residue other than serine, and the above mutation of (q) may be a
substitution with an amino acid residue other than valine.

[0039]

In a preferred example of the virus attenuated strain of the present invention,
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regarding the temperature-sensitive mutations, the mutation of (b) is a substitution with
phenylalanine, the mutation of (e) is a substitution with valine and the mutation of (f) is
a substitution with serine, and/or the mutation of (h) is a substitution with isoleucine.
When the preferred example further has other mutations, regarding those mutations, the
mutation of (a) is a substitution with alanine, the mutation of (¢) is a substitution with
arginine, the mutation of (d) is a substitution with asparagine, the mutation of (g) is a
substitution with valine, the mutation of (i) is a substitution with tryptophan, the
mutation of (j) is a substitution with lysine, the mutation of (k) is a substitution with
valine, the mutation of (1) is a substitution with proline, the mutation of (m) is a
substitution with phenylalanine, and/or the mutation (q) is a substitution with isoleucine.
[0040]

In another example of the virus attenuated strain of the present invention, the
substitution may be a so-called conservative substitution. The conservative
substitution refers to a substitution with an amino acid having a similar structure and/or
characteristic, and examples of the conservative substitution include a substitution with
another non-polar amino acid if the amino acid before substitution is a non-polar amino
acid, a substitution with another non-charged amino acid if the amino acid before
substitution is a non-charged amino acid, a substitution with another acidic amino acid
if the amino acid before substitution is an acidic amino acid, and a substitution with
another basic amino acid if the amino acid before substitution is a basic amino acid. In
general, the “non-polar amino acid” includes alanine, valine, leucine, isoleucine, proline,
methionine, phenylalanine, and tryptophan, the “non-charged amino acid” includes
glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine, the “acidic
amino acid” includes aspartic acid and glutamic acid, and the “basic amino acid”

includes lysine, arginine, and histidine.
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[0041]

A more preferred example of the virus attenuated strain of the present invention
includes a mutant strain of the SARS-CoV-2 listed in NC 045512 (NCBI), in which the
mutation of (b) (i.e., the mutation of (b')) is a substitution of leucine at the 445th
position of the amino acid sequence set forth in SEQ ID NO: 1 with phenylalanine in
NSP3 (L445F); the mutation of (e) (i.e., the mutation of (e")) is a substitution of glycine
at the 248th position of the amino acid sequence set forth in SEQ ID NO: 2 with valine
in NSP14 (G248V), and the mutation of (f) (i.e., the mutation of (f°)) is a substitution of
glycine at the 416th position of the amino acid sequence set forth in SEQ ID NO: 2 with
serine in NSP14 (G416S); and/or the mutation of (h) (i.e., the mutation of (h')) is a
substitution of valine at the 67th position of the amino acid sequence set forth in SEQ
ID NO: 3 with isoleucine in NSP16 (V671). An example when the more preferred
example also has other mutation(s) includes the mutant strains, in which the mutation of
(a) (i.e., the mutation of (a")) is the substitution of valine at the 404th position of the
amino acid sequence set forth in SEQ ID NO: 1 with alanine in NSP3 (V404A); the
mutation of (¢) (i.e., the mutation of (c'")) is a substitution of lysine at the 1792nd
position in the amino acid sequence set forth in SEQ ID NO: 1 with arginine in NSP3
(K1792R); the mutation of (d) (i.e., the mutation of (d")) is a substitution of aspartic acid
at the 1832nd position of the amino acid sequence set forth in SEQ ID NO: 1 with
asparagine in NSP3 (D1832N); the mutation of (g) (i.e., the mutation of (g')) is a
substitution of alanine at the 504th position of the amino acid sequence set forth in SEQ
ID NO: 2 with valine in NSP14 (A504V); the mutation of (i) (i.c., the mutation of (i')) is
a substitution of leucine at the 54th position of the amino acid sequence set forth in SEQ
ID NO: 4 with tryptophan in Spike (L54W); the mutation of (j) (i.e., the mutation of (j'))

is a substitution of threonine at the 739th position of the amino acid sequence set forth
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in SEQ ID NO: 4 with lysine in Spike (T739K); the mutation of (k) (i.e., the mutation of
(k")) is a substitution of alanine at the 879th position of the amino acid sequence set
forth in SEQ ID NO: 4 with valine in Spike (A879V); the mutation of (1) (i.e., the
mutation of (I')) is a substitution of leucine at the 28th position of the amino acid
sequence set forth in SEQ ID NO: 5 with proline in Envelope (L28P); the mutation of
(m) (i.e., the mutation of (m')) is a substitution of serine at the 2nd position of the amino
acid sequence set forth in SEQ ID NO: 6 with phenylalanine in a nucleocapsid (S2F);
and/or the mutation of (q) (i.e., the mutation of (q')) is a substitution of valine at the
687th position of the amino acid sequence set forth in SEQ ID NO: 4 with isoleucine in
Spike (V687I).
[0042]

Particularly preferred examples of the virus attenuated strain of the present
invention include the following strains:
- A strain having, as temperature-sensitive mutations, the mutation of (¢) (preferably the
mutation of (¢") and/or G248V) and the mutation of (f) (preferably the mutation of (f”)
and/or G416S), and the mutation of (h) (preferably the mutation of (h’) and/or V671);
and, as growth reducing or other attenuating mutations, the mutation of (n) (preferably
the mutation of (n’)), the mutation of (0), and the mutation of (r); or a strain further
having, as other mutations, the mutation of (g) (preferably the mutation of (g') and/or
A504V), the mutation of (p), and the mutation of (q) (preferably the mutation of (q’)
and/or V687I)
- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the
mutation of (¢") and/or G248V) and the mutation of (f) (preferably the mutation of (f”)
and/or G416S); and, as growth reducing or other attenuating mutations, the mutation of

(n) (preferably the mutation of (n’)), the mutation of (0), and the mutation of (r); or a
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strain further having, as other mutations, the mutation of (g) (preferably the mutation of
(g') and/or A504V), the mutation of (p), and the mutation of (q) (preferably the mutation
of (q”) and/or V687I)

- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the
mutation of (¢') and/or G248V), the mutation of (f) (preferably the mutation of (f7)
and/or G416S), and the mutation of (h) (preferably the mutation of (h’) and/or V671);
and, as other attenuating mutations, the mutation of (n) (preferably the mutation of (n’)),
and the mutation of (0); or a strain further having, as other mutations, the mutation of
(g) (preferably the mutation of (g') and/or A504V), the mutation of (p), and the mutation
of (q) (preferably the mutation of (q’) and/or V687I)

- A strain having, as temperature-sensitive mutations, the mutation of (b) (preferably the
mutation of (b’) and/or L445F), the mutation of () (preferably the mutation of (e')
and/or G248V), and the mutation of (f) (preferably the mutation of (f*) and/or G416S);
and, as other attenuating mutations, the mutation of (n) (preferably the mutation of (n’)),
and the mutation of (0); or a strain further having, as other mutations, the mutation of
(c) (preferably the mutation of (¢’) and/or K1792R), the mutation of (g) (preferably the
mutation of (g') and/or A504V), the mutation of (p), and the mutation of (q) (preferably
the mutation of (q’) and/or V687I)

- A strain having, as temperature-sensitive mutations, the mutation of (b) (preferably the
mutation of (b’) and/or L445F), and the mutation of (h) (preferably the mutation of (h”)
and/or V671); and, as other attenuating mutations, the mutation of (n) (preferably the
mutation of (n’)), and the mutation of (0); or a strain further having, as other mutations,
the mutation of (c) (preferably the mutation of (¢’) and/or K1792R), the mutation of (p),
and the mutation of (q) (preferably the mutation of (q’) and/or V687I)

- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the
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mutation of (¢') and/or G248V), the mutation of (f) (preferably the mutation of (f7)
and/or G416S), and the mutation of (h) (preferably the mutation of (h’) and/or V671);
and, as growth reducing or other attenuating mutations, the mutation of (n) (preferably
the mutation of (n’})), and the mutation of (r) (preferably the mutation of (r’)); or a strain
further having, as other mutation, the mutation of (g) (preferably the mutation of (g")
and/or A504V)

[0043]

Most preferred examples of the virus attenuated strain of the present invention
include the following strain:

A strain having, as temperature-sensitive mutations, the mutation of (¢)
(preferably the mutation of (¢') and/or G248V) and the mutation of (f) (preferably the
mutation of (f°) and/or G416S); and, as growth reducing or other attenuating mutations,
the mutation of (n) (preferably the mutation of (n’)), the mutation of (o), and the
mutation of (r); and a strain further having, as other mutations, the mutation of (g)
(preferably the mutation of (g') and/or A504V), the mutation of (p), and the mutation of
(q) (preferably the mutation of (q’) and/or V687I)

[0044]
2. Vaccine
2-1. Active ingredient of attenuated vaccine

As described above, since the betacoronavirus attenuated strain described in “1.
Betacoronavirus attenuated strain” can efficiently grow only at a temperature lower than
a human lower respiratory tract temperature by having a temperature-sensitive mutation,
it can be expected that it cannot efficiently grow at least in a deep part of a living body,
especially in the lower respiratory tract including lungs, which cause serious disorders,

so that the pathogenicity is significantly decreased. In addition, the betacoronavirus
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attenuated strain shows limited growth regardless of temperature by having growth
reducing or other attenuating mutations, and has excellent attenuation in combination
with the above temperature-sensitive mutations. By taking such a combined form, the
betacoronavirus attenuated strain has a characteristic that, when a live attenuated
vaccine is accompanied by growth in a host’s body, even when the temperature-
sensitive mutation is lost, the deletion mutation, which is a growth reducing or other
attenuating mutation, is less likely to revert to mutation, and thus it can be expected that
the attenuation can be maintained.

[0045]

Therefore, the virus attenuated strain can be used as a live attenuated vaccine
by infecting a living body as an attenuated virus itself. Therefore, the present
invention also provides a vaccine including the above betacoronavirus attenuated strain
as an active ingredient. Details of the active ingredient are as described in “I.
Betacoronavirus attenuated strain”.

[0046]
2-2. Active ingredient of gene vaccine

As described in the above “1. Betacoronavirus attenuated strain”, the
prescribed mutations contribute to providing attenuation. Therefore, the present
invention also provides a betacoronavirus gene vaccine including, as an active
ingredient, a gene encoding non-structural protein(s), accessory protein(s), and
structural protein(s) having the prescribed mutation(s) as described in the above.
Details of the prescribed mutation(s) included in the active ingredient are as described
in “1. Betacoronavirus attenuated strain”.

[0047]

2-3. Targeted viruses
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It can be reasonably expected that the vaccine of the present invention is
effective against not only the early Wuhan strain of SARS-CoV-2 but also a wide range
of SARS-CoV-2 virus-associated strains and viruses included in the Betacoronavirus
genus other than SARS-CoV-2, including the variants detected in the United Kingdom
in September 2020 and detected in South Africa in October 2020, and other known
variants, as well as unknown mutant strains yet to be detected. Therefore, the vaccine
of the present invention targets betacoronaviruses.

[0048]
2-4. Other ingredients

The vaccine of the present invention can include another ingredient such as an
adjuvant, a buffer, an isotonizing agent, a soothing agent, a preservative, an antioxidant,
a deodorant, a light-absorbing dye, a stabilizer, a carbohydrate, a casein digest, any sort
of vitamin or the like, in addition to the above active ingredient, according to the
purpose, use, and the like.

[0049]

Examples of the adjuvant include animal oils (squalene and the like) or
hardened oils thereof; vegetable oils (palm oil, castor oil, and the like) or hardened oils
thereof; oily adjuvants including anhydrous mannitol/oleic acid ester, liquid paraffin,
polybutene, caprylic acid, oleic acid, higher fatty acid ester, and the like; water-soluble
adjuvants such as PCPP, saponin, manganese gluconate, calcium gluconate, manganese
glycerophosphate, soluble aluminum acetate, aluminum salicylate, acrylic acid
copolymer, methacrylic acid copolymer, maleic anhydride copolymer, alkenyl
derivative polymer, oil-in-water emulsion, and cationic lipid including quaternary
ammonium salt; precipitating adjuvants such as aluminum salts such as aluminum

hydroxide (alum), aluminum phosphate, and aluminum sulfate or combinations thereof,
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and sodium hydroxide; microorganism-derived toxin components such as cholera toxin
and E. coli heat-labile toxin; and other ingredients (bentonite, muramyl dipeptide
derivatives, interleukin, and the like).

[0050]

Examples of the buffer include buffers such as phosphate, acetate, carbonate,
and citrate. Examples of the isotonizing agent include sodium chloride, glycerol, D-
mannitol, and the like. Examples of the soothing agent include benzyl alcohol and the
like. Examples of the preservative include thimerosal, para-hydroxybenzoic acid
esters, phenoxyethanol, chlorobutanol, benzyl alcohol, phenethyl alcohol, dehydroacetic
acid, sorbic acid, antibiotics, synthetic antibacterial agents, and the like. Examples of
the antioxidant include sulfite, ascorbic acid, and the like.

[0051]

Examples of the light-absorbing dye include riboflavin, adenine, adenosine,
and the like. Examples of the stabilizer include chelating agents, reducing agents, and
the like. Examples of the carbohydrate include sorbitol, lactose, mannitol, starch,
sucrose, glucose, dextran, and the like.

[0052]

Furthermore, the vaccine of the present invention may include one or more
other vaccines against viruses or bacteria that cause diseases other than betacoronavirus
infection, such as COVID-19. In other words, the vaccine of the present invention
may be prepared as a combination vaccine including another vaccine.

[0053]
2-5. Dosage form
A dosage form of the vaccine of the present invention is not particularly limited,

and can be appropriately determined based on an administration method, storage
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conditions, and the like. Specific examples of the dosage form include liquid
formulations and solid formulations, and the like, and more specifically, oral
administration agents such as tablets, capsules, powders, granules, pills, liquids, and
syrups; parenteral administration agents such as dried formulations including freeze-
dried formulations, injections, sprays, and patches (concretely, intramuscular
administration agents, intradermal administration agents, subcutaneous administration
agents, nasal administration agents, transdermal administration agents, and the like).
[0054]
2-6. Administration method

A method for administering the vaccine of the present invention is not
particularly limited, and may be any of injection administration such as intramuscular,
intraperitoneal, intradermal, and subcutaneous administration; inhalation administration
from nasal cavity and oral cavity; oral administration, and the like, but injection
administration such as intramuscular, intradermal, and subcutaneous administration
(intramuscular administration, intradermal administration, and subcutaneous
administration), inhalation administration from nasal cavity (nasal administration), and
absorption administration from the skin (transdermal administration) are preferable, and
nasal administration is more preferable.
[0055]
2-7. Applicable subject

A subject to which the vaccine of the present invention is applied is not
particularly limited as long as the subject that can develop various symptoms by
betacoronavirus infection (preferably a subject that can develop COVID-19 symptoms
by SARS-CoV-2 infection), and examples thereof include mammals, and more

specifically, humans; pet animals such as dogs and cats; and experimental animals such
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as rats, mice, and hamsters.
[0056]
2-8. Dose

A dose of the vaccine of the present invention is not particularly limited, and
can be appropriately determined according to a type of an active ingredient, an
administration method, and an applicable subject (conditions such as age, weight, sex,
and presence or absence of underlying disease).

[0057]

In addition, the amount per dose of the vaccine of the present invention for a
human is not less than 1 x 10 PFU/body, preferably not less than 1 x 10> PEU/body,
more preferably not less than 2 x 10> PFU/body, still more preferably not less than 1 x
10° PFU/body, and still more preferably not less than 2 x 10° PFU/body. Moreover,
the amount per dose of the vaccine of the present invention for a human is also not more
than 6 x 10'! PFU/body, preferably not more than 1 x 10'! PFU/body, more preferably
not more than 6 x 10'® PEU/body, and still more preferably not more than 1 x 10'°
PFU/body.

[0058]

Further, the amount per dose of the vaccine of the present invention for a
human is not less than 1 x 10 TCID50/body, preferably not less than 1 x 10°
TCID50/body, more preferably not less than 2 x 10> TCID50/body, more preferably not
less than 1 x 10° TCID50/body, and more preferably not less than 2 x 10° TCID50/body.
Furthermore, the amount per dose of the vaccine of the present invention for a human is
also not more than 6 x 10'! TCID50/body, preferably not more than 1 x 10!
TCID50/body, more preferably not more than 6 x 10'° TCID50/body, and still more

preferably not more than 1 x 10'® TCID50/body.
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[0059]
3. Method for producing betacoronavirus attenuated strain

A method for producing the betacoronavirus attenuated strain of the present
invention is not particularly limited, and can be appropriately determined by those
skilled in the art based on the above amino acid sequence information. For example,
from the viewpoint of producing a vaccine that is relatively inexpensive and has little
lot difference, the production method preferably includes a reverse genetics method
using an artificial chromosome such as a bacterial artificial chromosome (BAC) or a
yeast artificial chromosome (Y AC), or CPER method or the like using genomic
fragments of a betacoronavirus.

[0060]

In a method for reconstructing the virus by the reverse genetics method, first, a
genome of a strain (parent strain) having no temperature-sensitive mutation and no
growth reducing or other attenuating mutation of the betacoronavirus attenuated strain is
cloned. The parent strain used at this time may be a betacoronavirus, and concretely, it
can be selected from the group consisting of the above SARS-CoV-2 listed in
NC 045512 (NCBI), the above any other SARS-CoV-2, and viruses other than SARS-
CoV-2 which are included in the Betacoronavirus genus.

[0061]

Furthermore, when an artificial chromosome is used in the reverse genetics
method, a full-length DNA of a viral genome is cloned into BAC DNA, YAC DNA, or
the like, and a transcription promoter sequence for eukaryotic cells is inserted upstream
of a sequence of the virus. Examples of the promoter sequence include CMV
promoter and CAG promoter. A ribozyme sequence and a polyA sequence are

inserted downstream of a sequence of the virus. Examples of a ribozyme sequence
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include a hepatitis D virus ribozyme and a hammerhead ribozyme. Examples of the
polyA sequence include polyA of Simian 40 virus.
[0062]

On the other hand, when using the CPER method in the reverse genetics
method, full-length DNA of a viral genome is divided into several fragments and cloned.
Examples of a method for obtaining fragments include a method for artificial synthesis
of a nucleic acid and a PCR method using a plasmid obtained by cloning the above
artificial chromosome or fragments as a template.

[0063]

In order to introduce at least any one of the above temperature-sensitive
mutation(s), growth reducing or other attenuating mutation(s), and other mutation(s) as
necessary into the viral genome cloned by the methods described above, a known point
mutation introduction method such as a homologous recombination method such as
double crossover or A/RED recombination, an overlap PCR method, or a CRISPR/Cas9
method can be used.

[0064]

Subsequently, the artificial chromosome into which temperature-sensitive
mutation(s), growth reducing or other attenuating mutation(s), and other mutation(s) as
necessary have been introduced is transfected into host cells to reconstruct recombinant
viruses. In the case of the reverse genetics method by the CPER method, fragments
into which temperature-sensitive mutation(s), growth reducing or other attenuating
mutation(s), and other mutation(s) as necessary have been introduced are assembled by
reactions using DNA polymerase, and then transfected into host cells to reconstruct
recombinant viruses. The method for transfection is not particularly limited, and a

known method can be used. The hosts are also not particularly limited, and known
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cells can be used.
[0065]

Subsequently, the reconstructed recombinant virus is infected to cultured cells
to subculture the recombinant virus. The cultured cells used at that time are not
particularly limited, and examples thereof include Vero cells, VeroE6 cells, Vero cells
supplementing expression of TMPRESS?2, VeroE6 cells supplementing expression of
TMPRESS?2, Calu-3 cells, 293T cells supplementing expression of ACE2, BHK cells,
104C1 cells, mouse neuroblastoma-derived NA cells, and Vero cells, and the like. The
virus can be recovered by a known method such as centrifugation or membrane
filtration. In addition, mass production of recombinant viruses can be made by further
adding the recovered viruses to cultured cells.

EXAMPLES
[0066]

Hereinafter, the present invention will be described in detail with reference to

examples, but the present invention is not limited thereto.

[0067]

[Test Example 1: Temperature-sensitive strain of SARS-CoV-2, A50-18 strain
(Reference Example)]

[Test Example 1-1] Isolation of temperature-sensitive strain of SARS-CoV-2, A50-18
strain

Based on the method of Fig. 1, two types of mutation inducers 5-fluorouracil
(hereinafter, 5-FU) and 5-azacytidine (hereinafter, 5-AZA) were added to a clinical
isolate of SARS-CoV-2 (B-1 strain [Comparative Example]) (LC603286, also referred
to as B-1 strain, a wild-type strain (clinical isolate), European wild-type strain (B-1

strain), B-1 strain (D614G type: pre-alpha European strain) in the present example) to
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obtain virus populations of A to F50 series and A to F500 series that were adapted at
32°C. Furthermore, passaging of each virus population was carried out a plurality of
times, and from among the obtained 406 candidate strains, a virus strain (A50-18 strain.
Hereinafter, the strain may be referred to as a Ts strain.) that could grow at 32°C but
have remarkably reduced growth at 37°C was found, isolated, and selected (Fig. 2).
[0068]
[Test Example 1-2] Analysis of temperature-sensitive strain, A50-18 strain, by next-
generation sequencing
(1-2-1) Mutation analysis of each virus strain

Mutation analysis of the following virus strains was carried out using a next-
generation sequencer. The analysis was carried out by extracting RNA from culture
supernatants of Vero cells infected with SARS-CoV-2. As a reference, Wuhan-Hu-1
(NC045512), a Wuhan clinical isolate, was used.

B-1: Wild-type strain (clinical isolate)

AS50-18: Temperature-sensitive strain

F50-37: Non-temperature-sensitive strain

C500-1: Non-temperature-sensitive strain

F500-53: Non-temperature-sensitive strain

F500-40: Non-temperature-sensitive strain

F500-2: Non-temperature-sensitive strain

(Viruses other than B-1 were mutation-induced viruses)
[0069]
(1-2-2) Mutations of temperature-sensitive strain

From (1-2-1), the analysis results in Fig.3A were obtained. Since a point

mutation of D614G is also observed in B-1 strain, this point mutation is not specific for
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the temperature-sensitive strain.  On the other hand, as characteristic point mutations
of the temperature-sensitive strain (A50-18), G248V, G4168S, and A504V in NSP14,
AS879V in Spike, L28P in Envelope, and S2F in Nucleocapsid were identified.
[0070]
(1-2-3) Analysis of revertant 1

The “reverse mutation” refers to changing back to the same phenotype as that
of the parent virus, which is yet to be mutated, by occurring further mutations into
mutated viruses. As used herein, the “reverse mutation” means that an additional
mutation occurs into a temperature-sensitive strain, so that a temperature-sensitive
characteristic is lost. The additional mutation includes a situation that an amino acid at
a site of mutation which is responsible for temperature sensitivity changes back to the
amino acid which is yet to be mutated.
[0071]

As a result of infecting Vero cells with B-1 strain or A50-18 strain at MOI =
0.01 and evaluating growth at 32°C, 34°C and 37°C, samples in which the growth at
37°C was recovered (hereinafter referred to as “revertants”) were found out from A50-
18 strain. In the revertants, it is considered that among the mutations possessed by the
temperature-sensitive strain (A50-18 strain) that had acquired temperature sensitivity,
some amino acid residues changed back to the amino acids which is yet to be mutated
(hereinafter simply referred to as “reverse mutation”), so that the temperature sensitivity
decreased, and the growth at 37°C was recovered. CPE images showing this are
shown in Fig. 3B.  When the sequences of the obtained samples were confirmed, it
was revealed that G248V mutation in NSP14 reverted to mutation to the wild-type G,
whereas G416S and A504V mutations in NSP14 and L28P mutation in Envelope were

maintained. This suggested that the G248V mutation in NSP14 was a responsible
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mutation that contributed to temperature sensitivity (temperature-sensitive mutation).
[0072]
(1-2-4) Analysis of reverse mutation in isolate 2

Vero cells were infected with A50-18 strain at moi = 1, and growth at 37°C and
38°C was evaluated. As aresult, samples in which the growth at 37°C and 38°C was
recovered (revertants) were found. CPE images after culturing the obtained revertants
at 37°C for 3 days are shown in Fig. 3C.  When the sequences of the revertants were
confirmed, the following two types of reversion patterns <1> and <2> were found.
<1> G248V mutation in NSP14 reverted to mutation to the wild-type G, whereas
G416S and A504V mutations were maintained.
<2> (G416S mutation in NSP14 reverted to mutation to the wild-type G, whereas
G248V and A504V mutations were maintained.

[0073]

Since temperature sensitivity was lost when at least one of G248V and G416S
in NSP14 reverted to mutation, it was suggested that a combination of the G248V
mutation and the G416S mutation in NSP14 was a responsible mutation that contributed
to temperature sensitivity (temperature-sensitive mutation).

[0074]
(1-2-5) Analysis of recombinant viruses whose mutations were introduced into wild
type strain

NSP14, Spike, Nucleocapsid or Envelope derived from A50-18 strain was
introduced into BAC DNA having the whole genome of wild-type SARS-CoV-2 by
homologous recombination. The obtained recombinant BAC DNA was transfected
into 293T cells to reconstruct viruses. Temperature sensitivity was evaluated by

infecting Vero cells with the recombinant viruses and observing CPEs at 37°C and 32°C.
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The results are shown in Fig. 3D. By introducing the NSP14 derived from A50-18
strain, a temperature-sensitive strain showing no CPEs during culture at 37°C was
obtained, and thus it was revealed that the NSP14 was a responsible mutation that
contributed to temperature sensitivity (temperature-sensitive mutation). On the other
hand, since the introduction of Envelope derived from A50-18 strain did not cause
temperature sensitivity, it is considered that the mutation in Envelope does not
contribute to temperature sensitivity.

[0075]

(1-2-6) Analysis of recombinant viruses whose mutations were introduced into wild-
type strain 2

Viruses into which the mutations in NSP14 were introduced were reconstructed
by the CPER method. Three types of recombinant viruses having the following
respective mutations in NSP14 were reconstructed.

- G248V only
- G416S only
- G248V and G416S (hereinafter, also referred to as a “double mutant strain”)

Vero cells were infected with each recombinant virus, and CPEs after culture at
37°C or 32°C for 3 days was observed. From Fig. 3-E, it was found that in the viruses
only having G248V mutation and the viruses only having G416S mutation, CPEs were
observed at 37°C and 32°C similarly to B-1 strain, and therefore these viruses were not
temperature-sensitive.  On the other hand, in the viruse of the double mutant strain
having G248V and G416S mutations, CPE was observed at 32°C, but CPE was only
slightly observed at 37°C, that was clearly weaker than CPE at 32°C. From the above
results, it was revealed that virus growth was reduced at 37°C by having G248V and

G4168S mutations, so that the virus was made temperature-sensitive. From this, it was
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found that a combination of the G248V mutation and the G416S mutation in NSP14
was a responsible mutation that contributed to temperature sensitivity (temperature-
sensitive mutation).
[0076]
(1-2-7) Analysis of temperature-sensitive strain by Sanger sequencing

Mutation analysis of A50-18 strain was carried out using Sanger sequencing.
The analysis was carried out by extracting RNA from culture supernatants of Vero cells
infected with SARS-CoV-2. As aresult, such a deletion as observed in (2-2-5) of Test
Example 2-2 described later was not found.
[0077]
(1-2-8) Summary of mutations of temperature-sensitive strains

In the temperature-sensitive strain, A50-18 strain, as shown in Table 2 below,
mutations with check marks in the amino acid sequences of the indicated SEQ ID NOs
were found, and among them, mutations with double check marks were found as
temperature-sensitive mutations.  Also, as shown in Table 2 below, it was found that a

double mutant strain which only had temperature-sensitive mutations in NSP14 was

also a temperature-sensitive strain.,

[0078]
[Table 2]
Mutation . Corresponding Amino acid Conequnding Amino acid | A50-18 Double
sign Polypeptide SEQ ID NO** befo.re ml.lt.amﬁ* after mutation|  (Ts) mutant
mutation posttion strain
(a) NSP3 1 \% 404 A
| o NSP3 1 L 445 F
(©) NSP3 1 K 1792 R
(d) NSP3 1 D 1832 N
1] (e) NSP14 2 G 248 \% v v
) NSP14 2 G 416 S v v
() NSP14 2 A 504 \4 v
(] o NSP16 3 v 67 I
(6] Spike 4 L 54 W
O Spike 4 T 739 K
(k) Spike 4 A 879 \4 v
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1)) Envelope 5 L 28 P v
(m) | Nucleocapsid 6 S 2 F v
[1] is temperature-sensitive mutation.

** It shows a sequence in NC_045512 (NCBI) strain, corresponding to a sequence possessed by the actually used strain.
*+% The mutation position in the sequence possessed by the actually used strain is shown by a position in the sequence of
NC_045512 (NCBI) strain. Corresponding sequence and mutation position were identified by sequence alignment.

[0079]
[Test Example 1-3] Growth analysis of temperature-sensitive strain, A50-18 strain
(1-3-1) Analysis at 32°C and 37°C

Vero cells were infected with the clinical isolate (B-1 strain [Comparative
Example]) and the temperature-sensitive strain (A50-18 strain) using 6-well plates
under conditions of MOI =0.01 or 0.1 (N =3). After culturing at 37°C or 32°C, each
culture supernatant was collected on 0 to 5 dpi.  Virus titers of culture supernatants on
0 to 5 dpi were measured by TCID50/mL using the Vero cells. The results are shown
in Fig. 4A.

From Fig. 4A, it was found that the virus titer at 3 days after infection at 37°C
was not higher than the limit of detection in A50-18 strain, and that growth at 37°C was
remarkably reduced.

[0080]
(1-3-2) Analysis at 32°C, 34°C and 37°C

Vero cells were infected with the clinical isolate (B-1 strain [Comparative
Example]) and the temperature-sensitive strain (A50-18 strain) using 6-well plates
under conditions of MOI =0.01 (N =3). After culturing at 37°C, 34°C, or 32°C, each
culture supernatant was collected on 0 to 5 dpi.  Virus titers of culture supernatants on
0 to 5 dpi were measured by TCID50/mL using the Vero cells. The results are shown

in Fig. 4B.
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From Fig. 4B, it was found that A50-18 strain grew comparably with the
clinical isolate at 32°C and 34°C, whereas growth at 37°C was significantly deficient.
[0081]

[Test Example 1-4] Pathogenicity analysis of temperature-sensitive strain, A50-18
strain
(1-4-1) Weight changes of SARS-CoV-2-infected hamsters

After 4-week-old male Syrian hamsters (n = 4) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) and the temperature-sensitive strain
(A50-18 strain) (1 x 10% or 1 x 10® TCID50) were nasally administered at a dose of 100
uL, and weight changes for 10 days were observed. A group to which the same dose
of D-MEM medium was nasally administered was defined as a non-infected control
(MOCK). The results are shown in Fig. 5.

From Fig. 5, weight loss was not observed when A50-18 strain was infected, so that it
was suggested that pathogenicity was significantly low.

[0082]

(1-4-2) Viral amounts in lungs or nasal cavities of SARS-CoV-2-infected hamsters

After 4-week-old male Syrian hamsters (n = 3) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) and the temperature-sensitive strain
(A50-18 strain) (1 x 10° TCID50) were nasally administered at a dose of 100 uL. The
results of observing the weight changes for 3 days are shown in Fig. 6. The hamsters
were euthanized on 3 dpi, and then nasal wash was collected with 1 mL of D-PBS. 1In
addition, the lungs of the hamsters were extracted, the right lungs were disrupted, and
suspended with 1 mL of D-MEM, and then the supernatants were recovered as lung
homogenates by centrifugation. The results of evaluating the viral amounts in these

nasal wash and lung homogenates by plaque formation assay using Vero cells are
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shown in Fig. 7. Furthermore, the extracted left lungs were fixed with 10% formalin
and photographed, and the photograph is shown in Fig. 8.
[0083]

From Fig. 7, it was found that there was no difference in the viral amounts
between B-1 strain and A50-18 strain in the nasal wash, whereas the virus amount of
AS50-18 strain was remarkably low in the lungs. In addition, from Fig. 8, it was found
that the hamsters which were infected with B-1 strain and lost the weights showed
swelling or blackening in the lungs, whereas A50-18 strain-infected hamsters showed
no weight changes and no remarkable changes in the lungs. From the above results, it
was estimated that the temperature-sensitive strain was an attenuated strain that could
grow in the upper respiratory tract but could not grow in the lower respiratory tract.
[0084]

(1-4-3) Histological analysis of SARS-CoV-2-infected hamsters

Sections were prepared from the formalin-fixed lungs obtained by the infection
experiment to the hamsters carried out in (1-4-2), and HE staining was carried out to
analyze histological pathogenicity of the lungs due to SARS-CoV-2 infection. The
results are shown in Fig. 9.

[0085]

As shown in Fig. 9, infiltration of erythrocytes and destruction of alveolar
structures were observed in the lungs obtained from the hamsters infected with the
clinical isolate (B-1 strain [Comparative Example]). On the other hand, in the lungs of
the hamsters infected with the temperature-sensitive strain (A50-18 strain [Reference
Example]), such severe pathologies were not observed. This also strongly suggested
that A50-18 strain did not induce severe inflammation in the lungs at the time of

infection and had low pathogenicity.
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[0086]
(1-4-4) Histological analysis of SARS-CoV-2-infected hamsters by immunochemical
staining

In order to evaluate relationships between virus growth and pathogenicity as to
the histological pathogenicity observed in (1-4-3), viral proteins were detected by
immunochemical staining.  After 4-week-old male Syrian hamsters (B-1, A50-18: n=
5, MOCK: n = 3) were bred for 1 week, the clinical isolate (B-1 strain [Comparative
Example]) and the temperature-sensitive strain (A50-18 strain) (1 x 10° TCID50) were
nasally administered at a dose of 100 pL. The hamsters were euthanized on 3 dpi, and
then the extracted left lungs were fixed with 10% formalin to prepare serial sections.
HE staining and immunochemical staining (also referred to as immunohistochemistry
(IHC) staining) were carried out using the obtained serial sections. For
immunochemical staining, rabbit anti-spike polyclonal antibodies (Sino Biological:
40589-T62) were used. HE staining images and immunochemical staining images are
shown in Fig. 10.  As in (1-4-3), in B-1 strain-infected hamsters, infiltration of
erythrocytes and destruction of alveolar structures were observed, and spike proteins
were widely detected by immunochemical staining.  On the other hand, in A50-18
strain-infected hamsters, such tissue damages were not observed, and spike proteins
were also locally detected only in limited areas. From these results, it was revealed
that B-1 strain remarkably grew in the lung tissue and showed tissue damages, whereas
AS50-18 strain could not efficiently grow in the lung tissue, and lung tissue damages by
the strain were low.
[0087]
[Test Example 1-5] Immunogenicity analysis of temperature-sensitive strain, A50-18

strain
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(1-5-1) Wild-type strain challenge on temperature-sensitive strain-infected hamsters

According to the following procedure, temperature-sensitive strain-infected
hamsters were challenged with a wild-type strain (clinical isolate).

After 4-week-old male Syrian hamsters (n = 4) were bred for 1 week, the
clinical isolate (B-1 strain, [Comparative Example]) or the temperature-sensitive strain
(A50-18 strain) (1 x 10% or 1 x 10° TCID50) was nasally administered at a dose of 100
pL. After 21 days, the clinical isolate (B-1 strain) (1 x 10° TCID50) was nasally
administered again at a dose of 100 uL., and weight changes for 10 days were observed.
At this time, non-infected hamsters of the same age (n = 3) were used as a naive control.
The results were shown in Fig. 11.

[0088]

As shown in Fig. 11, the naive hamsters were observed to lose weight due to
infection with B-1 strain, whereas the hamsters infected once with B-1 strain or A50-18
strain did not lose weight. This revealed that immunity contributing to protection
against infection was induced not only in infection with the wild-type strain, B-1 strain,
but also in infection with A50-18 strain having low pathogenicity.

[0089]
(1-5-2) Induction analysis of neutralizing antibodies of temperature-sensitive strain-
infected hamsters

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strain
(A50-18 strain) (1 x 10° TCID50) was nasally administered at a dose of 100 pL.
Weight changes after infection are shown in Fig. 12.  Similar to the previous results,
weight loss was observed by infection with B-1 strain, whereas no weight loss was

observed by infection with A50-18 strain.
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[0090]

21 days after infection, whole blood was collected, and serum was separated,
and then the serum was inactivated by heating at 56°C for 30 minutes. B-1 strain of
100 TCIDS50 was mixed with inactivated serum which had been serially diluted, and the
mixture was reacted at 37°C for 1 hour. After the reaction, the culture mixture was
seeded on Vero cells, and after culturing at 37°C, neutralizing activity of the virus was
evaluated by observing CPE. The highest dilution rate which did not cause CPE was
defined as a neutralizing antibody titer. The results are shown in Fig. 13.  Serum of
the non-infected hamsters did not show neutralizing activity against B-1 strain, whereas
serum of the hamsters infected withB-1 strain or A50-18 strain could induce
neutralizing antibodies.

[0091]

[Test Example 2: SARS-CoV-2 temperature-sensitive strains, H50-11 strain, L50-33
strain, and L.50-40 strain (Examples)]

[Test Example 2-1] Additional isolation of SARS-CoV-2 temperature-sensitive strains,
H50-11 strain, L.50-33 strain, and L50-40 strain

For the purpose of isolation of further candidate strains, temperature-sensitive
strains were isolated by the method of Fig. 14.  Vero cells were infected with clinical
isolate of SARS-CoV-2 (B-1 strain [Comparative Example]), and in a state where a
mutation inducer 5-FU was added, virus populations of G to L50 series that were
adapted at 32°C were obtained. Furthermore, passaging of each virus population was
carried out a plurality of times, and from among the obtained 253 strains, virus strains
that can could grow at 32°C but remarkably reduced the growth at 37°C (H50-11
strain, L50-33 strain, L.50-40 strain) were found, isolated, and selected (Fig. 15).

[0092]
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[Test Example 2-2] Analysis of additional temperature-sensitive isolates, H50-11 strain,
L50-33 strain, and L50-40 strain, by next-generation sequencing
(2-2-1) Mutation analysis method for additional isolates

Mutation analysis of the following virus strains was carried out using a next-
generation sequencer. The analysis was carried out by extracting RNA from culture
supernatants of Vero cells infected with SARS-CoV-2. As a reference, Wuhan-Hu-1
(NC045512), a Wuhan clinical isolate, was used.

H50-11 strain: Temperature-sensitive strain

L50-33 strain: Temperature-sensitive strain

L50-40 strain: Temperature-sensitive strain
[0093]

(2-2-2) Results of mutation analysis of temperature-sensitive strains

From (2-2-1), the analysis results in Fig. 16A were obtained. As
characteristic point mutations of H50-11 strain, V404A and D1832N in NSP3, V671 in
NSP16, and T739K in Spike were found. In addition, as characteristic point mutations
of L50-33 strain, L445F and K1792R in NSP3 were found, and as characteristic point
mutations of L.50-40 strain, L445F and K1792R in NSP3 and L54W in Spike were
found.

[0094]
(2-2-3) Analysis of revertants of additional isolate (H50-11 strain)

Vero cells were infected with H50-11 strain at moi = 1, and growth at 37°C and
38°C were evaluated. As a result, samples in which the growth at 37°C and 38°C was
recovered (revertants) were found. CPE images after culturing the obtained revertants
at 38°C for 3 days are shown in Fig. 16B.  When the sequences of the obtained

samples were confirmed, V671 mutation in NSP16 reverted to mutation to the wild-type
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V, whereas the other amino acid mutations were maintained. This suggested that V671
mutation in NSP16 was a responsible mutation that contributed to temperature
sensitivity (temperature-sensitive mutation).
[0095]
(2-2-4) Analysis of revertants of additional isolates (L50-33 strain and 1L.50-40 strain)

Vero cells were infected with L50-33 strain and L50-40 strain at MOI = 0.01,
and growth at 32°C, 34°C and 37°C was evaluated. As a result, from among L50-33
strain and L50-40 strain, samples in which the growth at 37°C was recovered
(hereinafter, revertants) were found. CPE images after culturing each strain at 37°C
for 3 days are shown in Fig. 16C. The revertants of L50-33 strain and L.50-40 strain
are indicated as L.50-33 strain Rev1 and 2 and L.50-40 strain Rev1 and 2, respectively.
When the sequences of the obtained samples were confirmed, it was revealed that
L445F mutation in NSP3 was mutated to wild-type L or C, whereas K1792R mutation
in NSP3 was maintained. This suggested that L445F mutation in NSP3 might be a
responsible mutation that contributed to temperature sensitivity (temperature-sensitive
mutation).
[0096]
(2-2-5) Analysis of temperature-sensitive strains by Sanger sequencing

Mutation analysis of H50-11 strain, L50-33 strain, and L50-40 strain was
carried out using Sanger sequencing. The analysis was carried out by extracting RNA
from culture supernatants of Vero cells infected with SARS-CoV-2.
[0097]

As a result, a deletion of a base sequence (SEQ ID NO: 7) at positions 27549 to
28251 as shown in Fig. 17 was found in all three strains. A schematic overview of the

deletion of the base sequence at positions 27549 to 28251 and a deletion of an amino
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acid sequence encoded thereby is shown in Fig. 18. Also, in Fig. 18, ORF7a is a base
sequence at positions 27394 to 27759, ORF7b is a base sequence at positions 27756 to
27887, and ORFS is a base sequence at positions 27894 to 28259.

[0098]

As shown in Fig. 18, the base sequence region at positions 27549 to 28251
corresponds to a portion of ORF7a (an amino acid sequence from positions 53 to the
terminal end. The same applies hereinafter.), the entire ORF7b, and most of the amino
acid sequence of ORF8. Since the deletion of this region involves a frameshift, it was
considered that a protein was produced in which an amino acid sequence at positions 1
to 52 of ORF7a was fused with an amino acid sequence encoded by eight bases at the 3'
terminal of ORFS, an intergenic region and a base sequence of Nucleocapsid. In
addition, ORF7b was entirely deleted, and the original sequence of ORF8 was also
entirely deleted.

[0099]
(2-2-6) Summary of mutations of temperature-sensitive strains

In the temperature-sensitive strains, H50-11 strain, L50-33 strain, and L.50-40
strain, as shown in Table 3 below, mutations with check marks in the amino acid
sequences of the indicated SEQ ID NOs were found, and among them, mutations with

double check marks were found as temperature-sensitive mutations.

[0100]
[Table 3]
Mutati c di Amino acid | Corresponding | Amino acid
utation Polypeptide orresponding before mutation after H50-11 | L50-33 | L50-40
sign SEQ ID NO** . o .
mutation position*** mutation
(a) NSP3 1 \4 404 A v
ml o NSP3 1 L 445 F v | v
() NSP3 1 K 1792 R v v
(d) NSP3 1 D 1832 N v
1] (e) NSP14 2 G 248 \%
) NSP14 2 G 416 S
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@ NSP14 2 A 504 v
] m NSP16 3 v 67 I vy
@) Spike 4 L 54 W v
Q) Spike 4 T 739 K v
9 Spike 4 A 879 v
1)) Envelope 5 L 28 P
(m) Nucleocapsid 6 S 2 F
| [2] n) ORF7a-8 7 {Complete) 1-703 (Deletion) v v v

[1] is temperature-sensitive mutation, and [2] is growth reducing or other attenuating mutation.

** It shows a sequence in NC_045512 (NCBI) strain, corresponding to a sequence possessed by the actually used strain.
*+* The mutation position in the sequence possessed by the actually used strain is shown by a position in the sequence of
NC_045512 (NCBI) strain. Corresponding sequence and mutation position were identified by sequence alignment.

[0101]
[Test Example 3] Growth analysis of additional isolates, H50-11 strain, 1.50-33 strain,
and L.50-40 strains (Examples)

Vero cells were infected with additional isolates under the condition of MOI =
0.01 (N =3). After culturing at 37°C, 34°C or 32°C, each culture supernatant was
collected on 0 to 5 d.p.i.  Virus titers of these culture supernatants were measured by
TCIDso/mL using the Vero cells.  The results are shown in Fig. 19. As a result, the
obtained additional isolates showed growth at 32°C and 34°C, whereas their growth was
reduced at 37°C.
[0102]
[Test Example 4] Pathogenicity analysis of each temperature-sensitive strain
(4-1) Weight changes of temperature-sensitive strain-infected hamsters

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strains
(A50-18 strain [Reference Example], and L.50-33 strain, L50-40 strain, and H50-11
strain [Examples]) (3 x 10° TCID50) were nasally administered at a dose of 100 uL,
and weight changes for 10 days were observed. A group to which the same dose of D-
MEM medium was nasally administered was defined as a non-infected control (MOCK).
The results are shown in Fig. 20. The hamsters infected with B-1 strain lost weight

about 20% in 7 days, whereas the hamsters infected with the temperature-sensitive
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strains did not lose weight significantly in all groups, so that it was suggested that
pathogenicity was significantly low.

[0103]

(4-2) Viral amounts in lungs or nasal cavities of temperature-sensitive strain-infected
hamsters

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strains
(A50-18 strain [Reference Example], and L.50-33 strain, L50-40 strain, and H50-11
strain [Examples]) (3 x 10° TCID50) were nasally administered at a dose of 100 pL.
The hamsters were euthanized on 3 dpi, and then nasal wash was collected with 1 mL of
D-PBS. In addition, the lungs of the hamsters were extracted, and the lung weight was
measured. Thereafter, the right lungs were disrupted, and suspended with 1 mL of D-
MEM, and then the supernatants were recovered as lung homogenates by centrifugation.
The lung weight per total weight of the hamsters is shown in Fig. 21.  In addition, the
results of evaluating the viral amounts in these nasal wash and lung homogenates by
plaque formation assay using Vero cells are shown in Fig. 22.

[0104]

As a result of comparing lung weight per total weight of hamsters, the lung
weight of B-1 strain-infected hamsters increased, and it was strongly suggested that the
lungs swelled due to inflammation or the like. On the other hand, such an increase in
lung weight was not observed in the temperature-sensitive strain-infected hamsters. In
addition, as a result of comparing viral amounts in the nasal wash, there was no
significant difference between B-1 strain-infected hamsters and the hamsters infected
with the temperature-sensitive strains except H50-11 strain, but H50-11 strain-infected

hamsters had a small viral amount in the nasal wash. Furthermore, it was revealed that
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the intrapulmonary viral amounts of the temperature-sensitive strain-infected hamsters
were significantly lower than those of B-1 strain-infected hamsters. From these results,
it was speculated that each temperature-sensitive strain was an attenuated strain that
could not grow in the lower respiratory tract, similarly to A50-18 strain in Test Example
1.
[0105]
[Test Example 5] Immunogenicity analysis of each temperature-sensitive strain
(5-1) Wild-type strain challenge on temperature-sensitive strain-infected hamsters

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strains
(A50-18 strain [Reference Example], and L.50-33 strain, L50-40 strain, and H50-11
strain [Examples]) (3 x 10° TCID50) were nasally administered at a dose of 100 pL.
After 21 days, the clinical isolate (B-1 strain) (3 x 10° TCID50) was nasally
administered again at a dose of 100 uL., and weight changes for 9 days were observed.
At this time, non-infected hamsters of the same age (n = 5) were used as a naive control.
The results are shown in Fig. 23.  The naive hamsters were observed to lose weight
due to infection with B-1 strain, whereas the hamsters infected once with B-1 strain and
each temperature-sensitive strain did not lose weight. This revealed that immunity
contributing to protection against infection could be induced not only in infection with
the wild-type strain, B-1 strain, but also in infection with each temperature-sensitive
strain having low pathogenicity.
[0106]
(5-2) Induction analysis of neutralizing antibodies of temperature-sensitive strain-
infected hamsters

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
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clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strains
(A50-18 strain [Reference Example], and L.50-33 strain, L50-40 strain, and H50-11
strain [Examples]) (3 x 10° TCID50) were nasally administered at a dose of 100 pL.
After 20 days, blood was partially collected, and the obtained serum was used to
measure neutralizing activity against the clinical isolate (B-1 strain). The neutralizing
activity was measured in the same method as in (1-5-2). The measurement results are
shown in Fig. 24. It was revealed that antibodies having neutralizing activity were
induced not only in the hamsters infected with B-1 strain but also in the hamsters
infected with each temperature-sensitive strain.
[0107]
[Test Example 6] Efficacy analysis on SARS-CoV-2 mutant strains (Reference
Example)

Evaluation of neutralizing activity of serum of temperature-sensitive strain-
infected hamsters against SARS-CoV-2 mutant strains

After 4-week-old male Syrian hamsters (n = 3 or 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strain
(A50-18 strain [Reference Example]) (3 x 10° TCID50) was nasally administered at a
dose of 100 uL.. Blood was partially collected from hamsters at 3 weeks after infection,
and the obtained serum was used to measure the neutralizing activity against live
viruses of the SARS-CoV-2 European clinical isolate (B-1) and a Brazilian variant
(hCoV-19/Japan/TY7-503/2021 strain). The results are shown in Fig. 25. The
neutralizing activity was measured in the same method as in (1-5-2). It was revealed
that the hamsters infected with B-1 strain or the temperature-sensitive strain also
showed neutralizing activity against the Brazilian variant. From this, it was speculated

that the present live attenuated vaccine was also effective against the SARS-CoV-2
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mutant strains.
[0108]
[Test Example 7] Comparative study experiments on administration routes and doses
(Reference Example)
(7-1) Comparison of immunogenicity by administration routes

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
clinical isolate (B-1 strain [Comparative Example]) or the temperature-sensitive strain
(A50-18 strain [Reference Example]) (3 x 10° TCID50) was nasally or subcutaneously
administered at a dose of 100 pL.. The untreated group was defined as a naive control.
After 3 weeks, the serum obtained by partial blood collection from the hamsters was
used to evaluate neutralizing activity against the SARS-CoV-2 Brazilian variant (hCoV-
19/Japan/TY7-503/2021 strain). The neutralizing activity was measured in the same
method as in (1-5-2). The results of the neutralizing activity are shown in Fig. 26.
“.n” denotes nasal administration, and “S.C” denotes subcutancous administration.
By nasal administration of B-1 strain and A50-18 strain, neutralizing antibodies against
live viruses could be induced. For subcutaneous administration, almost no neutralizing
antibodies could be induced at the tested doses, but in view of the results of nasal
administration, it was considered that neutralizing antibodies could be induced even by
subcutaneous administration when the dose was increased.
[0109]
(7-2) Comparison of immunogenicity by doses

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
temperature-sensitive strain (A50-18 strain) was administered nasally or subcutaneously.
Doses are shown in Table 4.

[0110]
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[Table 4]

1* infection
Inoculation titer Route
mock (n.c.)
Robust titer infection (p.c.)| 3.0 x 10° TCIDsg in. 100 uL
High dose i.n. 1.0 x 10* TCIDso in. 10 uL
Low dose i.n. 1.0 x 10> TCIDso in. 10 uL
High dose s.c. 1.0 x 10* TCIDso s.c. 100 pL
Low dose s.c. 1.0 x 107 TCIDso s.c. 100 uL

[0111]

Blood was partially collected from hamsters at 3 weeks after infection, and the
obtained serum was used to measure the neutralizing activity against live viruses of the
SARS-CoV-2 Brazilian variant (hCoV-19/Japan/TY7-503/2021 strain). The results
are shown in Fig. 27. “i.n” denotes nasal administration, and “S.C” denotes
subcutaneous administration. The neutralizing activity was measured in the same
method as in (1-5-2).  Similarly to (7-1), by the nasal administration, an increase in
neutralizing antibody titer was observed even in the low dose administration group of 1
x 10> TCID50/10 pL. This suggested that the temperature-sensitive strain could
induce sufficient immunity even by nasal administration of a small amount. For
subcutaneous administration, almost no neutralizing antibodies could be induced at the
tested doses, but in view of the results of nasal administration, it was considered that
neutralizing antibody could be induced even by subcutaneous administration when the
dose was increased.

[0112]

[Test Example 8] Efficacy analysis on SARS-CoV-2 mutant strains (Reference

60



Example)

After 4-week-old male Syrian hamsters (n = 4) were bred for 1 week, the
temperature-sensitive strain (A50-18 strain [Reference Example]) of 1 x 10* TCID50 or
1 x 10° TCID50 was nasally administered at a dose of 10 pL.  Blood was partially
collected from hamsters at 3 weeks after infection, and the obtained serum was used to
measure the neutralizing activity against live viruses of the SARS-CoV-2 European
wild-type strain (B-1 strain), an Indian variant (self-isolated strain), and the Brazilian
variant (hCoV-19/Japan/TY7-503/2021 strain). The results are shown in Fig. 28.

The neutralizing activity was measured by the same method as in (1-5-2). It was
revealed that an individual to which not only the parent wild-type B-1 strain, but also
AS50-18 strain was nasally administered in a small amount could induce neutralizing
antibodies against the Indian variant and the Brazilian variant in a dose-dependent
manner.

[0113]

Moreover, the results of comparing neutralizing antibody titers against each
strain of the serum of each individual are shown in Fig. 29. It was revealed that all
individuals possessed neutralizing antibodies, although some individuals exhibited a
decrease in neutralizing antibody titer against the Brazilian variant. From these results,
it was suggested that immunity by nasal administration of the temperature-sensitive
strains might exhibit cross-protection.

[0114]
[Test Example 9] Creation of vaccine candidate strains by CPER reaction (Examples)

Since live attenuated vaccines inherently involve growth in a host’s body, there
is a possibility that a mutation that occurs during nucleic acid replication results in the

development of a virulent wild-type strain. In order to reduce the possibility, strains
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were constructed in which temperature-sensitive mutations and growth reducing or
other attenuating mutations were combined. Such strains were constructed so as to be
able to maintain their attenuation even when the temperature-sensitive mutations were
lost. As temperature-sensitive mutations, growth reducing or other attenuating
mutations, and other mutations, mutations checked in Table 5 [i.e., L445F in NSP3,
G248V and G416S in NSP14, and V671 in NSP16; deletion of eight amino acids at
positions 32 to 39 in NSP1, deletion of furin cleavage site (FCS) in Spike (specifically,
the deletion at the 679th to 686th positions of the spike and V6871), and loss of function
in ORFS; any of the other mutations found in the temperature-sensitive strains (NSP3
K1792R and NSP14 A504V)] were used.

[0115]

[Table 5]

Mutation Polypeptide Corresponding A";ie"f?)ridd Cofgzizg'(‘)ii"g Am:f‘t‘;;’dd Cendidate | Candidste | Candidste | Candidate | Candidate | Candidate | Condida
sign SEQ ID NO** Imutation position®** Imutation strain 1 strain 2 | strain3 | strain4 | strain5 | strain6 | strain 7
(a) NSP3 1 \Y 404 A
(] NSP3 1 L 445 F v v
© NSP3 1 K 1792 R v v
(d) NSP3 1 D 1832 N
‘ ml © NSP14 2 G 248 v v v v v v v
® NSP14 2 G 416 S v v v v v v
IS NSP14 2 A 504 \% v v v v v v
|[1] (h) NSP16 3 v 67 I v v v v v
(i) Spike 4 L 54 A
G Spike 4 T 739 K
&) Spike 4 A 879 \Y
0] Envelope 5 L 28 P
(m)  [Nucleocapsid 6 S 2 F
21 m ORF7a-8 7 (Complete) 1-703 (Deletion) v v v v v v v
(©) Spike 4 (Complete) 681-684 (Deletion) v v v v v
2] ©) Spike 4 (Complete) | 681-684 | (Deletion) v
o | e | o o] g | e AFFE
o | e |4 o] G| B
[C)] Spike 4 \% 687 1 v v v v v
@) Spike 4 v 687 I v
21 NSPL 8 (Complete) 32-39 (Deletion) v v v v
Original strain of spike sequence® Br WT WT WT WT WT SA
Original strain of sequence other than spike sequence* WT WT WT WT WT WT WT

[1] is temperature-sensitive mutation, and [2] is growth reducing or other attenuating mutation.
*Details of the original strains of sequences are as shown below:

WT = Wild type (B-1 strain; LC603286)

Br = Brazilian type (GISAID: EPI_ISL_877769)

SA = South African strain (strain in which K417N, E484K, N301Y were introduced to B-1 strain)
** Regarding the sequence other than the spike sequence, it shows a sequence in NC_045512 (NCBI) strain, corresponding to a sequence possessed by WT.
Regarding the spike sequence, it shows a sequence in NC_045512 (NCBI) strain, corresponding to a sequence possessed by WT, Br or SA.
*##% The mutation position in the WT, Br or SA sequence actually used is shown by a position in the sequence of NC_045512 (NCBI) strain.  Corresponding
sequence and mutation position were identified by sequence alignment.
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[0116]

By a reverse genetics method using CPER, strains having the above
temperature-sensitive mutations and growth reducing or other attenuating mutations
together with other mutations were constructed (Torii et al. cell report 2020). The
genome of SARS-CoV-2 B-1 strain was fragmented and cloned into a plasmid.

Inverse PCR was used to introduce the mutations of interest into the cloned fragments.
Using the plasmid obtained by cloning the wild-type fragment as a template, a SARS-
CoV-2 wild-type genomic fragment was obtained by PCR. In addition, PCR or RT-
PCR was carried out using the plasmid into which the mutations were introduced or the
genome of the SARS-CoV-2 mutant strains having the mutations of interest as a
template, so as to obtain SARS-CoV-2 mutant genomic fragments.

[0117]

The obtained fragments and linker fragments including a CMV promoter were
mixed, and CPER was carried out using PrimeStar GXL polymerase to circularize a
plurality of fragments. The reaction mixture was transfected into BHK/hACE?2 cells,
and the cells were cultured at 34°C to reconstruct target viruses. The culture
supernatant of the obtained cells was added to VeroE6/TMPRSS 11 cells and cultured at
34°C to recover the reconstructed viruses. The temperature-sensitive strain
mutation(s) and/or growth reducing or other attenuating mutation(s) introduced into
each candidate strain and CPE images are shown in Fig. 30. CPEs were observed in
the VeroE6/TMPRSS 11 cells, revealing that the viruses were reconstructed.

[0118]
[Test Example 10] Evaluation of temperature sensitivity of candidate strains (Examples)

(10-1) Temperature sensitivity of candidate strains 1 to 7

In order to evaluate the temperature sensitivity of candidate strains 1 to 7
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(Examples) obtained in Test Example 9, Vero cells were infected with 2 pul of
supernatant of recovery culture of each candidate strain, and growth at 34°C and 37°C
was compared. CPE images after culturing for 3 days are shown in Fig. 31A. All
strains showed CPE at 34°C, whereas none of the candidate strains 1, 2, 3, 6 and 7
showed CPE at 37°C. Candidate strains 4 and 5 showed slightly CPE, but more
weakly than that at 34°C.  This confirmed that the vaccine candidate strains exhibited
temperature sensitivity.

[0119]

(10-2) Temperature sensitivity of strain reconstructed by introducing all
temperature-sensitive mutations

A strain reconstructed by introducing all temperature-sensitive mutations (rTs-
all strain [Example]) was obtained. In rTs-all strain, three types: a mutation of (b), a
combination of mutations of (¢) and (f), and a mutation of (h), are introduced as
temperature-sensitive mutations, and only a mutation of (n) is introduced as other
attenuating mutation, and none of other mutations is introduced.

[0120]

Vero cells were infected with rTs-all strain at MOI = 0.01, cultured at 32, 37 or
39°C for 5 days, and culture supernatants were sampled over time (n = 3).  Virus titers
at each time point were measured by TCID50 method. For comparison, this B-1 strain
(rB-1 strain) prepared by the CPER method was used. The resulting growth curves are
shown in Fig. 31B.  As shown in Fig. 31B, rTs-all strain grew at 32°C, whereas the
growth at 37°C or 39°C was remarkably reduced (below the limit of detection at day 1,
and the strain did not grow thereafter). Since the growth at 32°C of rTs-all strain was
slightly delayed as compared with that of the rB-1 strain, it is recognized that rTs-all

strain more strongly expressed than the preferred degree (i.e., the growth at 32°C is
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comparable with that of the rB-1 strain) as the level of temperature sensitivity. From
this result, it was found that, in order to control the level of temperature sensitivity to
the preferred degree, it was preferable to select one or two types rather than three types,
among the temperature-sensitive mutations (that is, three types of mutations or
combinations of mutations: the mutation of (b), the combination of mutations of (¢) and
(f), and the mutation of (h)).

[0121]

[Test Example 11] Evaluation of immunogenicity at low titer and low dose of candidate
strains 1, 3, 4, 6, and 7 (neutralizing antibody titer induction) (Examples)

In order to evaluate the immunogenicity of the candidate strains 1, 3,4, 6 and 7
(Examples) among the candidate strains obtained in Test Example 9, 10 uL. of each
candidate strain of 100 TCID50 was nasally administered to five 5-week-old male
hamsters. Also, as a positive control, the SARS-CoV-2 temperature-sensitive strain,
AS50-18 strain, was nasally administered at the same titer and the same dose.  After 3
weeks, the serum obtained by partially collecting blood was evaluated for neutralizing
activity against SARS-CoV-2 B-1 strain. The neutralizing activity was evaluated by a
method of determining the presence or absence of infectious viruses by mixing serially
diluted serum and SARS-CoV-2 of 100 TCID50, reacting the mixture for 1 hour, then
adding the mixture to Vero cells, and observing CPE after culturing for 4 days. The
maximum dilution ratio of the serum in which CPE was not observed and the infectivity
of the virus could be neutralized was defined as a neutralizing antibody titer. The
results are shown in Fig. 32.

[0122]
Seroconversions of neutralizing activities were observed in all individual

infected hamsters of A50-18 strain (Reference Example) as a positive control group.
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In the candidate strain 1 and the candidate strain 3, seroconversion of neutralizing
activity was not observed under the administration conditions in the present test
example, and thus it is suggested that administration at a higher dose is necessary in
order to exhibit immunogenicity. On the other hand, in all of the candidate strain 4, 6
and 7, seroconversions of neutralizing activities were observed in some individuals or
all individuals, and it was found that these candidate strains had immunogenicity even
at a low dose as in the present test example. In particular, in the hamster infected with
the candidate strain 7 (Example), seroconversions of neutralizing activities were
observed in all the individuals as with A50-18 strain, and thus the degree of
immunogenicity was particularly excellent. That is, among the candidate strains in
which seroconversions of neutralizing activities were observed under the administration
conditions in the present test example, the candidate strain 4 and 6 were constructed by
combining temperature-sensitive mutations and other attenuating mutations, so as to
improve the safety, and in particular, the candidate strain 7 was constructed by
combining temperature-sensitive mutations and growth reducing or other attenuating
mutations, so as to maintain excellent immunogenicity even though the growth in the
body was remarkably reduced.

[0123]

[Test Example 12] Evaluation of immunogenicity at low titer and low dose of candidate
strain 7 (challenge test) (Example)

In order to evaluate whether the immunity induced in the candidate strain 7
contributes to the protection against infection, hamsters (male, 8 weeks old) after
immunization were challenged by nasally administering 100 pL of 3 x 10° TCID50
SARS-CoV-2 B-1 strain.  The weight changes of the hamsters at that time are shown

in Fig. 33. Similar to A50-18 strain (Reference Example) used as a positive control,
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the hamster infected with the candidate strain 7 (Example) did not lose weight when
infected with SARS-CoV-2 B-1 strain. From this result, it was revealed that the
candidate strain 7 (Example) could induce immunity that contributes to protection
against infection similarly to A50-18 strain (Reference Example).

[0124]

[Test Example 13] Evaluation of immunogenicity at high titer and high dose of
candidate strains 2 and 5 (Examples)

The immunogenicity of the candidate strains 2 and 5 (Examples) when tested at
high titer and high dose was evaluated. To five 5-week-old male hamsters, 20 pL of
the candidate strains of 1 x 10° or 1 x 10* TCID50 were nasally administered. In
addition, as a positive subject, the SARS-CoV-2 temperature-sensitive strain, A50-18
strain (Reference Example) of 1 x 10> TCID50 was nasally administered at the same
dose. Blood was partially collected from hamsters recovered from infection after 3
weeks, and neutralizing activity of the obtained serum was evaluated. The neutralizing
activity was measured by the same method as in Test Example 3.  The results are
shown in Fig. 34.

[0125]

In the candidate strain 2, seroconversion of neutralizing antibodies were
observed in four out of five individuals by administration of 1 x 10* TCID50, and
seroconversion of neutralizing antibodies were observed in all individuals when 1 x 10*
TCID50 was administered. In the candidate strain 5, the neutralizing activity of the
serum was confirmed only in one out of five individuals by the administration of 1 x
10° TCID50, but induction of neutralizing antibodies was observed in three out of five
individuals by administering the virus of 1 x 10* TCID50. From these results, it was

revealed that the vaccine candidate strains in which the temperature-sensitive
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mutation(s) and the growth reducing or other attenuating mutation(s) were combined
had low immunogenicity at the same dose as compared with the strains having only the
temperature-sensitive mutation(s), but exhibited immunogenicity necessary for
induction of neutralizing antibodies by increasing the dose. In addition, it was found
that the candidate strain 2 showed immune induction since neutralizing activity was
confirmed also in monkeys.

[0126]

[Test Example 14] Evaluation of growth of candidate strain 2 at each temperature

Vero cells were infected with the clinical isolate (B-1 strain [Comparative
Example]) and the candidate strain 2 ([Example]) using 6-well plates under conditions
of MOI =0.01 (N=3). The cells were cultured at 37°C or 32°C, and each culture
supernatant was collected on 0 to 5 dpi.  Virus titers of culture supernatants on 0 to 5
dpi were measured by TCID50/mL using the Vero cells. The results are shown in Fig.
35.

[0127]

From Fig. 35, the candidate strain 2 ([Example]) grew at 32°C to the same
extent as the clinical isolate (B-1 strain [Comparative Example]), whereas the growth at
37°C was remarkably reduced.

[0128]
[Test Example 15] Durability test of humoral immunity induced by administration of
the candidate strain 2 (Example)

After 4-week-old male Syrian hamsters (n = 10) were bred for 1 week, the
candidate strain 2 (Example) (1 x 10°> TCID50 or 1 x 10* TCID50) was nasally
administered at a dose of 20 puL under anesthetic conditions. In the group of twice

administration, at the time point of 4 weeks after the first administration, the candidate
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strain 2 (1 x 10° TCID50 or 1 x 10* TCID50) was nasally administered again at a dose
of 20 puL under anesthetic conditions. Blood was partially collected over time, and the
obtained serum was heat-treated at 56°C for 30 minutes to be inactivated. The
inactivated serum was serially diluted and mixed with B-1 strain (D614G type: pre-
alpha European strain) or TY38-873 strain (Omicron variant) of 100 TCID50, and the
mixture was reacted at 37°C for 1 hour. After the reaction, the culture mixture was
seeded on Vero cells, and after culturing at 37°C, neutralizing activity of the virus was
evaluated by observing CPE. The lowest dilution rate which did not cause CPE was
defined as a neutralizing antibody titer. The results are shown in Fig. 36.

[0129]

From Fig. 36, the neutralizing antibody titer of the serum increased to 6 to 12
by single administration of the candidate strain 2. In addition, when the second
administration was carried out at the time point of 4 weeks after the first administration,
an increase in neutralizing antibody titer was not observed, so as to suggest that
sufficient humoral immunity was induced by single administration. Moreover, the
serum neutralizing antibodies thus obtained were not significantly reduced even at 4
months after administration. From these results, it was revealed that the candidate
strain 2 induced sufficient humoral immunity with a single administration of 1 x 10°
TCID50 in the hamster model, and the humoral immunity was lasting for at least 4
months after administration. In addition, by stimulating spleen cells of the candidate
strain 2-infected hamsters with a spike antigen peptide, production of antigen-specific
IFN-y was induced. From this result, it was revealed that antigen-specific Thl cells
were induced by administration of the candidate strain 2, and that the candidate strain 2
also induced cellular immunity.

[0130]
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[Test Example 16] Infection protection test by administration of the candidate strain 2
(Example)

The hamsters to which 20 uL of the candidate strain 2 of 1 x 10 or 1 x 10*
TCID50 or the SARS-CoV-2 temperature-sensitive strain, A50-18 strain, of 1 x 10°
TCID50 was nasally administered in Test Example 13 were challenged by nasally
administering SARS-CoV-2 B-1 strain (3 x 10° TCID50) at a dose of 100 pL under
anesthetic conditions 3 weeks after the first administration. The weight of the
hamsters after challenge were measured up to 6 days after administration. The results
are shown in Fig. 37.

[0131]

From Fig. 37, it was revealed that the hamsters infected with the candidate
strain 2 or A50-18 strain did not lose weight at the time of infection with SARS-CoV-2
B-1 strain, and could induce immunity that contributes to protection against infection.
[0132]

[Test Example 17] Study on reversion of virulence during in vivo passage of the
candidate strain 2 (Example)

After 4-week-old male Syrian hamsters (n = 5) were bred for 1 week, the
temperature-sensitive strain, A50-18 strain, or the candidate strain 2 (1 x 10° TCID50)
was nasally administered at a dose of 100 uL. under anesthetic conditions. This dose is
a human equivalent dose with a divisor of 30 extrapolating the human no adverse effect
level from the hamster no adverse effect level, and corresponds to 2 x 10° PFU/dose.
The weight changes were observed, and the hamsters were euthanized 3 days after
administration, and then nasal wash was collected using 500 uL. of PBS. The obtained
nasal wash was filtered and sterilized with a 0.22 pm filter, and then 100 pL of the nasal

wash was nasally administered to next generation hamsters under anesthetic conditions.
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By performing the same operation three times, nasal wash when one to four in vivo
passages were carried out was obtained. The obtained nasal wash was seeded on Vero
cells and cultured at each temperature to evaluate the presence or absence of infectious
viruses and the temperature sensitivity of the viruses. In addition, viral RNA was
extracted from the nasal wash, and the base sequence of the target site was confirmed by
Sanger sequencing method. The presence or absence of CPE in the Vero cells seeded
with the nasal wash after each passage is shown in Fig. 38, the sequence confirmation
results of the viral RNA extracted from the nasal wash when the fourth in vivo passage
was carried out are shown in Fig. 39, and the results of weight changes of the hamsters
at each in vivo passage are shown in Fig. 40.

[0133]

Since A50-18 strain is a temperature-sensitive strain, CPE was not caused
when cultured at 37°C or 39°C after infected to the Vero cells, but from Fig. 38, it was
observed that CPE was caused when the nasal wash of the hamsters infected with A50-
18 strain was added to the Vero cells and the cells were cultured at 37°C or 39°C. In
addition, from Fig. 39, as a result of confirming the sequence of the viral RNA included
in the nasal wash after the in vivo passage, it was revealed that among the mutations in
NSP14, which are mutations causing temperature sensitivity, G416S and G248V
mutations were lost. Furthermore, from Fig. 40, it was observed that, when the weight
changes of the hamsters at in vivo passage were evaluated, the weights of the hamsters
infected with the nasal wash after in vivo passage of A50-18 strain decreased. From
these results, it was suggested that the A50-18 strain had a possibility that the mutations
causing temperature sensitivity were lost in the hamster body, so that a virulence-
reversed strain that lost temperature sensitivity was generated and transmitted to another

individual.
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[0134]

On the other hand, as to the candidate strain 2, from Fig. 38, viruses showing
temperature sensitivity were detected from the nasal wash after the first in vivo passage,
whereas viruses were hardly detected from the nasal wash after the second and
subsequent in vivo passages. In addition, from Fig. 39, as a result of confirming the
sequence of viral RNA included in the nasal wash after the in vivo passage, there was a
case where a part of the mutations causing temperature sensitivity was lost (however,
even in such a passaged strain, only one of the combinations of mutations at positions
248 and 416 in NSP14 was lost).  On the other hand, partial deletion of NSP1 (growth
reducing mutation), deletion of furin cleavage site in Spike, and deletion of ORF7a-8,
which were mutations that cause attenuation, were maintained. Furthermore, from Fig.
40, the decrease in weight was not observed even in the hamsters infected with the nasal
wash after the in vivo passage of the candidate strain 2. From these results, it was
suggested that the candidate strain 2 would be a candidate strain that was less likely to
cause reversion of virulence compared with A50-18 strain that only had the mutations
causing temperature sensitivity. From this result, it can be presumed that the
betacoronavirus attenuated strain of the present invention has remarkably improved
usefulness as a vaccine from the viewpoint that there is a low possibility that the
virulence-reversed virus will transmit even when the virus is inoculated into a human as
a live vaccine because prescribed temperature-sensitive mutations (substitution
mutations) are further combined with prescribed growth reducing or other attenuating
mutations (deletion mutations).

[0135]
[Test Example 18] Evaluation of tissue damage by the candidate strain 2 (Example)

After 4-week-old male Syrian hamsters (n = 4) were bred for 1 week, SARS-
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CoV-2 B-1 strain [Comparative Example], the temperature-sensitive strain, A50-18
strain [Reference Example], or the candidate strain 2 [Example] (1 x 10° TCID50) was
nasally administered with a dose of 20 puL under anesthetic conditions. This dose is a
human equivalent dose with a divisor of 30 extrapolating the human no adverse effect
level from the hamster no adverse effect level, and corresponds to 4 x 10* PFU/dose.
The non-infected group (naive) was nasally administered with the same dose of a
culture medium under anesthetic conditions. Also, as a positive control, SARS-CoV-2
B-1 strain (1 x 10° TCID50) was nasally administered at a dose of 100 uL under
anesthetic conditions. The virus fluid reached the upper respiratory tract of the
hamster by nasal administration at a dose of 20 uL, and the virus fluid reached the lower
respiratory tract of the hamster by nasal administration at a dose of 100 uL. Three
days after administration, the hamsters were euthanized, and then the head and lungs
were fixed with formalin. Tissue damages were evaluated by HE staining, and viral
antigens were detected by IHC staining using Rabbit anti-spike RBD antibodies (Sino
Biological (40592-T62)). Lesions in the nasal cavity and lung part of each individual,
and scores for detection of viral antigens by IHC are shown in Table 6. In the table,
Level 1 shows the tip of the nasal cavity, Level 2 shows the middle of the nasal cavity,
and Level 3 shows the back of the nasal cavity. In addition, for representative
examples in each site of each virus-infected hamster, Level 1 is shown in Fig. 41, Level
2 is shown in Fig. 42, Level 3 is shown in Fig. 43, and the lungs are shown in Fig. 44.
[0136]

From Figs. 41 to 44, in the system in which SARS-CoV-2 B-1 strain
(Comparative Example) was administered, not only in the positive control in which the
virus fluid was nasally administered to the lower respiratory tract but also in the

hamsters in which the virus fluid was nasally administered to the upper respiratory tract,
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tissue damage and viral antigen were detected in the deep part from the tip of the nasal
cavity and in the lung. In the hamster to which A50-18 strain (Reference Example) or
the candidate strain 2 (Example) was nasally administered to the upper respiratory tract,
slight tissue damage and viral antigen were detected only in the tip of the nasal cavity,
whereas tissue damage and viral antigen were not detected in the deep part of the nasal
cavity and the lung. From these results, it was strongly suggested that in the candidate
strain 2 (Example) and the temperature-sensitive strain, A50-18 strain (Reference
Example), virus growth and associated tissue damage occurred in the tip of the nasal
cavity close to the outside temperature, whereas virus growth and associated tissue
damage were suppressed in the deep part of the nasal cavity and the lung close to body
temperature, and that the candidate strain 2 (Example) had a higher inhibitory effect on
virus growth and associated tissue damage, and had a lower risk of olfactory

dysfunction.
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[0137]

[Table 6]
Organs Naive N.C. WT P.C. WT AS(.)_IS Candldat'e strain 2
upper respiratory tract upper respiratory tract upper respiratory tract
Findings 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Nasal cavity (Level 1)
Inflammation 0 0 0 0 2 2 2 2 0 1 0 2 0 2 2 2 2 0 2 2
Necrosis, epithelium 0 0 0 0 2 2 2 2 1 2 0 2 1 2 2 2 2 1 1 1
SARS-CoV-2 spike positive cell 0 0 0 0 2 2 2 2 1 1 0 2 2 2 2 1 1 1
Nasal cavity (Level 2)
Inflammation 0 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 0
Necrosis, epithelium 0 0 0 0 1 1 1 1 1 2 1 1 0 0 1 1 0 0 0 0
Desquamation, epithelium 0 0 0 0 2 2 2 2 2 2 2 2 0 0 1 0 0 0 0 0
Necrosis, Bowman's gland 0 0 0 0 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0
Necrosis, nasal gland 0 0 0 0 1 1 1 1 2 1 1 1 0 0 0 0 0 0 0 0
SARS-CoV-2 spike positive cell 0 0 0 0 2 2 2 2 2 2 2 2 0 0 2 1 0 0 0 0
Nasal cavity (Level 3)
Inflammation 0 1 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Necrosis, epithelium 0 1 0 0 1 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0
Desquamation, epithelium 0 0 0 0 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0
Necrosis, Bowman's gland 0 0 0 0 0 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0
SARS-CoV-2 spike positive cell 0 0 0 0 1 2 2 2 2 2 2 2 0 0 1 0 0 0 0 0
Lung
Inflammation, bronchioloalveolar 0 0 0 0 2 2 2 1 1 1 1 1 0 0 0 0 0 0 0 0
Hemorrhage, alveolar 0 0 0 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0
Necrosis, bronchiolar epithelium 0 0 0 0 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0
SARS-CoV-2 spike positive cell 0 0 0 0 2 2 3 1 1 1 1 1 0 0 0 0 0 0 0 0

0: No remarkable change 1: Slight (lesion site or antigen detected site is not more than 10%)
2: Mild (lesion site or antigen detected site is 10% to 50%) 3: Moderate (lesion site or antigen detected site is 50% to 70%)
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[0138]
[Test Example 19] Evaluation of immunogenicity by the candidate strain 2 (challenge
with hetero strain)

It was evaluated whether the immunity induced by the candidate strain 2
contributed to the protection against infection of a SARS-CoV-2 Omicron variant.
After 4-week-old male Syrian hamsters were bred for 1 week, the candidate strain 2 (1
x 10° PFU) was nasally administered at a dose of 20 uL under anesthetic conditions.
At the time point of 4 weeks after the administration, the serum was collected by partial
blood collection. The obtained serum was heat-treated at 56°C for 30 minutes to be
inactivated. The inactivated serum was serially diluted and mixed with B-1 strain
(D614G type: pre-alpha European strain) or TY41-702 strain (Omicron variant: BA.5)
of 100 TCIDS50, and the mixture was reacted at 37°C for 1 hour. After the reaction,
the culture mixture was seeded on Vero cells, and after culturing at 37°C, neutralizing
activity of the virus was evaluated by observing CPE. The lowest dilution rate which
did not cause CPE was defined as a neutralizing antibody titer. The results are shown
in Fig. 45. In addition, at the time point of 4 weeks after the administration, the
candidate strain 2-administered hamsters and the naive hamsters were challenged by
nasally administering TY41-702 strain (3 x 10° PFU) at a dose of 100 pL under
anesthetic conditions. The weights were measured over time, and at 4 days post-
challenge, the hamsters were euthanized, and then the infectious viruses in the lungs and
nasal wash were quantified. The weight changes at that time are shown in Fig. 46.
[0139]

From Fig. 45, as a result of measurement of the neutralizing antibody titers, it
was revealed that by administering the candidate strain 2, not only the neutralizing

antibody against B-1 strain but also the neutralizing antibody against the Omicron
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variant BA.5 were induced to some extent. Furthermore, when the hamsters to which
the candidate strain 2 was administered were challenged with the Omicron variant BA.5,
the recovery of weight tended to be faster than that of the naive hamsters from Fig. 46.
In addition, as a result of quantifying the viral amounts in the lungs and nasal wash 4
days after infection, it was suggested that the viral amount in the body of the hamsters

to which the candidate strain 2 was administered was smaller than that of the naive
hamsters.

[0140]

[Test Example 20] Evaluation of immunogenicity by the candidate strain 2 (evaluation
of neutralizing activity by hetero strains)

It was evaluated whether the immunity induced by the candidate strain 2 was
effective against a SARS-CoV-2 delta variant and a gamma variant. Neutralizing
activities against the gamma variant and the delta variant of the candidate strain 2
immune serum obtained in Test Example 13 were measured. The inactivated serum
was serially diluted and mixed with BK325 strain (a delta variant) or TY7-501 strain (a
gamma variant) of 100 TCID50, and the mixture was reacted at 37°C for 1 hour. After
the reaction, the culture mixture was seeded on Vero cells, and after culturing at 37°C,
neutralizing activity of the virus was evaluated by observing CPE. The lowest dilution
rate which did not cause CPE was defined as a neutralizing antibody titer. The results
are shown in Fig. 47 together with the evaluation of the neutralizing activity against the
wild-type strain in Test Example 13. In Fig. 47, “Low” is a result of nasal
administration of 20 pL of the candidate strain of 1 x 10* TCID50, and “High” is a
result of nasal administration of 20 pL of the candidate strain of 1 x 10* TCID50.
[0141]

From Fig. 47, it was shown that the immunity induced by the candidate strain 2
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showed neutralizing activities against the gamma variant and the delta variant, and that
the strain was effective. From these results, it was suggested that the immunity
induced by the administration of the candidate strain 2 showed efficacy against the

hetero strain variants.

78



CLAIMS

1. A betacoronavirus attenuated strain including;:

non-structural protein(s) having the following mutation of (b), a combination of
the following mutations of (¢) and (f), and/or the following mutation of (h); and

structural protein(s), accessory protein(s), and/or non-structural protein(s)
having the following mutations of (n), (0), and/or (r):

(b) a mutation of an amino acid residue corresponding to leucine at the 445th
position of the amino acid sequence set forth in SEQ ID NO: 1 in NSP3,

(e) a mutation of an amino acid residue corresponding to glycine at the 248th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(f) a mutation of an amino acid residue corresponding to glycine at the 416th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14,

(h) a mutation of an amino acid residue corresponding to valine at the 67th
position of the amino acid sequence set forth in SEQ ID NO: 3 in NSP16,

(n) a loss-of-function mutation in ORFS,

(o) a deletion of an amino acid sequence corresponding to the 681st to 684th
positions of the amino acid sequence set forth in SEQ ID NO: 4 in Spike, and

(r) a deletion of an amino acid sequence corresponding to the 32nd to 39th
positions of the amino acid sequence set forth in SEQ ID NO: 8 in NSP1.
2. The virus attenuated strain according to claim 1, wherein four types of
mutations or combination of mutations are selected from the following six types of
mutations or combination of mutations: the mutation of (b), the combination of the
mutations of (¢) and (f), the mutation of (h), the mutation of (n), the mutation of (0), and
the mutation of (r).

3. The virus attenuated strain according to claim 1, wherein one to two types of
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mutations or combination of mutations are selected from the following three types of
mutations or combination of mutations: the mutation of (b), the combination of the
mutations of (¢) and (f), and the mutation of (h).

4. The virus attenuated strain according to claim 1, wherein the structural protein
further includes the following mutations of (p) and/or (q):

(p) a mutation including deletions of amino acid sequences corresponding to
the 679th to 680th positions and the 685th to 686th positions of the amino acid sequence
set forth in SEQ ID NO: 4 in Spike, and

(q) a mutation of an amino acid residue corresponding to valine at the 687th
position of the amino acid sequence set forth in SEQ ID NO: 4 in Spike.

5. The virus attenuated strain according to claim 4, including the combination of
the mutations of (e) and (f) and the following mutation of (g):

(g) a mutation of an amino acid residue corresponding to alanine at the 504th
position of the amino acid sequence set forth in SEQ ID NO: 2 in NSP14.

6. The betacoronavirus attenuated strain according to claim 4, wherein the
mutation of (n) is a deletion of an amino acid sequence corresponding to the amino acid
sequence encoded by the base sequence set forth in SEQ ID NO: 7.

7. The virus attenuated strain according to claim 1, wherein the mutation of (b) is
a substitution with phenylalanine, the mutation of (e) is a substitution with valine, the
mutation of (f) is a substitution with serine, and the mutation of (h) is a substitution with
isoleucine.

8. The virus attenuated strain according to claim 4, wherein the mutation of (q) is
a substitution with isoleucine.

9. The virus attenuated strain according to claim 1, wherein the betacoronavirus is

SARS-CoV-2 virus.
80



10. A live attenuated vaccine including the virus attenuated strain according to

claim 1.

11. The live attenuated vaccine according to claim 10, which is administered

nasally.

12. The live attenuated vaccine according to claim 10, which is administered

intramuscularly, subcutaneously, or intradermally.
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FIG. 16A
” Wuhan Ts-mutant . . o
Position Amino acid substitution
NC_045512 H50-11 L50-33 L50-40
190 C T T
241 Cc T T T
313 Cc i T
3037 c T T T
3055 T Cc NSP3 silent
3930 T C NSP3 V404A
4052 (o4 T T NSP3 L445F
4855 A G NSP3 silent
4885 T Cc Cc NSP3 silent
7225 T (o NSP3 silent
8016 Cc i T T
8094 A G G NSP3 K1792R
8213 G A NSP3 D1832N
14265 c T NSP12 silent
14408 Cc T T
14799 T Cc Cc NSP12 silent
15297 T Cc NSP12 silent
20857 G A NSP16 V671
21723 T G Spike L54W
23398 T Cc Cc Spike silent
Spike D614G
23778 Cc A Spike T739K
27549 C T T ORF7a silent
28881 G A A A Nucleocapsid R203K
28882 G A A A Nucleocapsid R203K
28883 G Cc Cc Cc Nucleocapsid G204R
29834 T 3'UTR
FIG. 16B
CPE during culture at 38°C
B-1
, N\
u Revertants
H50-11 Rev.1 Rev.2

FIG. 16C

B-1

L50-33

.,

L50-40




11/22

2753? 2754? 27545 27SS0 27¢ 28250 282SS 28260 282¢€5
i L . L ' L
conservation SHENHEHH S WU EWHEYE = Bamowweseigmess
ATCCTCTAGCTGATAACAART! AGATPTTCATCTAAACGAATAR
ST-TAGCTGATAACAAAT' AGATTTCATCTAAACGAATAR
HE0-1 1 = o CCPITAGCTGATAA--=-=-+ - ---- PCAPCTAAACGAACAR
. +~d 11%3-Ak38 Rv 28910|[AT T T TAGCTGATAA-~-~-~-="  eewm== TCATPCTAARCGARACAR
150 33 =d_33WS-AR3]_Fw_ZTI09|[ATC ST CTAGUTGATAA-===="  emaaa PCATCTAAATGAACAR
S ~d 33%W8-Ak38 Rv 28910||AT -2 TA TCGATAA=====:  cow== TCATCTAAACGAACTAR
gaia|ErAYRITARI LW /2Ol IR D CCD ST RG LR GARAASmaw  whesd TCATCTAAACGAACAR
I"“]~d 40WS-Ak38 Rv 28510||ATC 2 CTAGCTGATAA- -~~~ v e m—-— POATCTAAACGAACAR
A\ <Y J
#03bp
Schematic overview of base deletion (27549 t0 28251)
| gene (ORF7b) |
=>
ene._ . gene (ORF7a) CDS (ORF8) gene (N)
=5 1 l---'*- B

deletion .

Overview of amino acid deletion expected from sequences

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

without deletion
deletion 27549~28251

0RF7a|

ALITLATCELYHYQECVRGTTVI

LKEPCSSGTYEGNSPFHPLA| 50

100

POGLPNNTASWETALTQHGKEDLKFPRGQOGVPTNTNSSPDDQIGYYRRAT] 150

1 R —— 121
151 RRIRGGDGKMKDLSPRWYFYYLGTGPEAGLPYGANKDGI INVATEGALNT] 200
1 T 121
201 I PKG 250
R T F Y, 121
251 [NSSRNSTPGSSRGTSPARMAGNGGDAATATLLT.DRI.NQLESKMSGKGOQQ 300
A L 121
301 [QGQTVTKKSAAEASKKPROKRTATKAYNVTOAFGRRGPEQTOGNFGDOEL] 350
121, i e e e e e e e 121
351 [TRQGTDYKHWPQTAQFAPSASAFFGMSRTGMEVTPSGTHLTYTGATKL.DD 400
o 121
401 [KDPNFKDQVTL.LNKHTDAYKTFPPTEPKKDKKKKADETQAT.PORQKKQOT 450
121 === 121
451 [TLLPAADLDDFSKQLOQSMSSADSTOA | 478




1x1072
1x10'° <
TEJ iEJ 1108 4
2 2 1x10°
=} o
8 € ixi0t 4
- H50-11 [ & H50-11
-+ 150-33 1107 7 -+ 150-33
1x10° ok L50-40 1x100 = L50-40
0 1 2 3 i 5 o 1 2 3 4 5
days post infection days post infection
34°C
1x10%
1107 4
g 1<10%
S 1o -
=3
2 oot L -
8 & H50-11 MOI=0.01
1107 150-33
e % o Error bar means SEM.
i 2 3 4 5
days post infection
FIG. 20
1
3 T MOCK
12 T © B-1 3x10° TCID50
53 TS U, SO s # A50-18 3x10° TCID50
& < H50-11 3x10° TCID50
s "° - 1 S S i S S ~ L50-33 3x10° TCID50
PO\ SRUURRURER) - b= O NS SR o 1 - e <~ L50-40 3x10°% TCID50
) - -
LT
R sl
70 T T T T v
0 2 4 6 8 10
days post infection
FIG. 21
Lung weight
1.2
Z
£ 1.0
=
T
z
= 0.84 X
E L wis
E. 061 a4 ’ é ‘é »
3
04l — : v v v v
& N D
< ;'9/ Qf’« \3,9’ \?«
FIG. 22
Virus titer in nasal wash Virus titer in lung
10+ 10%+
1074 1071 '?
» o~ 10%4 5 1054 L
o J )
=8 = 'ﬂ‘ |
w3 105 ? %2 10 ’;’; i
- ® - - o E% .
>2 104 . o : 104 °»
107 @5% 10°A .
10? T T — T T 107 T T v - -
N G N S S N ) A ) ©
& N N 1+ N Q > ) Y /
¢ & ¢ & F ¥



13/22

FIG. 23
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FIG. 42
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FIG. 44
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1-1 File Name 22090WO.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 212
1-5 Production Date 2022-11-07
1-6 Original free text language
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP JP
Office
2-2 Current application:
Application number
2-3 Current application: Filing
date
2-4 Current application: 22090WO
Applicant file reference
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Filing date
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3-1

3-1-1
3-1-2
3-1-3
3-1-4

3-1-5

Sequences

Sequence Number [ID]

Molecule Type
Length
Features

Location/Qualifiers

NonEnglishQualifier Value

Residues

1
AA
1945

source 1..1945
mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

APTKVTFGDD
VI KTLQPVSE
EEFEPSTQYE
TTTI QTI VEV
NAANVYLKHG
GPNVNKGED!

DKNLYDKLVS
VTTTLEETKF
WI PTKKAGG
I 1 SNEKQEI L
GARFYFYTSK
SPDAVTAYNG
SNPTTFHLDG
LDGADVTKI K
PQVNGLTSI K
NKTVGELGDV
FKKGVQ PCT
| TSKETLYCI

YYKKDNSYFT
FFPDLNGDW
VETSNSFDVL
PANNSLKI TE
ANYAKPFLNK
AKNTVKSVGK
MPSYCTGYRE
TAFGLVAEWF
AMVRMYI FFA
NGGKGFCKLH
GSI HLYFDKA
VYYSQLMOQP
ELAKNVSLDN
KVENMTPRDL
PFKLTCATTR

TVI EVQGYKS

VNI TFELDER | DKVLNEKCS

LLTPLG DLD EWSMATYYLF

YGTEDDYQGK
QPQLEMELTP
GGVAGALNKA
QLLKSAYENF

PLEFGATSAA

DESGEFKLAS
LQPEEEQEED

VWWQTI EVNSF SGYLKLTDNV
TNNAMQVESD DYl ATNGPLK
NQHEVLLAPL LSAGQ FGADP

SFLEMKSEKQ VEQKI AEI PK
LTENLLLY!I D | NGNLHPDSA
TTEMLAKALR KVPTDNYI TT
GI'VSVWNLREM LAHAEETRKL

EEVKPFI TES
TLVSDI DI TF
YPGQGLNGYT
MPVCVETKAI

AYTVELGTEV
HMYCSFYPPD
WL DDDSQQTV
YI KNADI VEE
VGGSCVLSGH
| HSLRVCVDT
KPSVEQRKQD
LKKDAPY! VG
VEEAKTVLKK

NEFACVVADA
EDEEEGDCEE
GQRDGSEDNQ
AKKVKPTVWV
NLAKHCL HW
VRTNVYLAVF
DKKI KACVEE
DWQEGVLTA
CKSAFYI LPS

VSTI QRKYKG | KI QEGVWDY

TTVASLI NTL
YLTSSSKTPE
EVI TFDNLKT
PHNSHEGKTF
WADNNCYLAT
RETMSYLFQH
CGKQATKYLV
DGALLTKSSE

NDLNETLVTM PLGYVTHGLN

LEEAARYNMVRS

EHFI ETI SLA
LLSLREVRTI

YVLPNDDTLR
ALLTLQQ EL
ANLDSCKRVL
QQESPFVMVB
YKGPI TDVFY

GSYKDWSYSG QSTQLA EFL

LKVPATVSVS
KRGDKSVYYT

KVFTTVDNI N LHTQVWDVBM TYGQQFGPTY

VEAFEYYHTT DPSFLGRYNS
KFNPPALQDA YYRARAGEAA
NVVCKTCGQQ QTTLKGVEAV
APPAQYELKH GTFTCASEYT

EQPI DLVPNQ PYPNASFDNF

Al DYKHYTPS
KSEDAQGVDN
EVGHTDLMAA
WSTTTNI VT
FCLEASFNYL
GYLNSTNVTI
LAYI LFTRFF
SFYYWKSYV
NWKCVNCDTF
GOKTYERHSL
| LLLDQALVS
VLSTFI SAAR
GACI DCSARH
QWNWITTKI

FKKGAKLLHK
LACEDLKPVS
YVDNSSLTI K
RCLNRVCTNY
KSPNFSKLI N
ATYCTGSI PC
YVLGLAAI M
HVVDGCNSST
CAGSTFI SDE
SHFVNLDNLR
DVGDSAEVAV
QGFVDSDVET
| NAQVAKSHN
ALKGG

KENSYTTTI K
KFVCDNI KFA
Pl VWHVNNAT
EEWENPTI Q
KPNELSRVLG
MPYFFTLLLQ
|11 WFLLLSV
SVCLSGLDSL
LFFSYFAVHF
CMVCYKRNRA
VARDLSLQFK
ANNTKGSLPI

KMFDAYVNTF
KDWWECLKLS
| ALl WNVKDF

PVTYKLDGW
DDLNQLTGYK

ALNHTKKVWKY
NFCALI LAYC
MYMGTLSYEQ
GNYQUGHYKH
CTEI DPKLDN
KPASRELKVT

NKATYKPNTW Cl RCLWSTKP
KDVLECNVKT TEWGDI | LK
LKTLATHGLA AVNSVPWDTI

LCTFTRSTNS RI KASMPTTI

CLGSLI YSTA ALGVLMSNLG
DTYPSLETI Q | TI SSFKWDL
I SNSWEMALT | NLVQVAPI S
TRVECTTI VN GVRRSFYVYA
RPI NPTDQSS Yl VDSVTVKN
NVI VFDGKSK CEESSAKSAS
SSTENVPMEK LKTLVATAEA
HQSDI EVTGD SCNNYMLTYN
MBLSEQLRKQ | RSAAKKNNL

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1945

3-2

3-2-1
3-2-2
3-2-3
3-2-4

3-2-5

Sequences

Sequence Number [ID]

Molecule Type
Length
Features

Location/Qualifiers

NonEnglishQualifier Value

Residues

2
AA
527

source 1..527

mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

AENVTGLFKD
KMNYQVNGYP
PTGYVDTPNN
WFVLWAHGF
M DVQOWGFT
DELKI NAACR
YKI EELFYSY
VNKHAFHTPA
GAVCRHHANE

CSKVI TGLHP TQAPTHLSVD TKFKTEGLCV DI PG PKDMI' YRRLI SMMGF
RHVRAW GFD VEGCHATREA VGTNLPLQLG FSTGVNLVAV

NVFI TREEAI
TDFSRVSAKP

PPGDQFKHLI

PLMYKGLPWN

VWVRI KI VOWL SDTLKNLSDR

ELTSMKYFVK | GPERTCCLC DRRATCFSTA SDTYACWHHS | GFDYVYNPF
GNLQSNHDLY CQVHGNAHVA SCDAI MTRCL  AVHECFVKRV DWIT EYPI | G
KVOHWVKAA LLADKFPVLH DI GNPKAI KC VPQADVEVKF  YDAQPCSDKA
ATHSDKFTDG VCLFWNCNVD RYPANSI VCR FDTRVLSNLN LPGCDGGSLY
FDKSAFVNLK QLPFFYYSDS PCESHGKQVV SDI DYVPLKS ATCI TRCNLG 480
YRLYLDAYNM M SAGFSLW/ YKQFDTYNLW NTFTRLQ

60

120
180
240
300
360
420

527

33
3-3-1
3-3-2
3-3-3
3-3-4

3-3-5

Sequences

Sequence Number [ID]

Molecule Type
Length
Features

Location/Qualifiers

NonEnglishQualifier Value

Residues

3
AA
298

source 1..298

mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

SSQAWOPGVA MPNLYKMORM LLEKCDLQNY GDSATLPKG MVNVAKYTQL CQYLNTLTLA
VPYNVRVI HF GAGSDKGVAP GTAVLRQALP TGTLLVDSDL NDFVSDADST LI GDCATVHT
ANKWDLI | SD MYDPKTKNVT KENDSKEGFF TYI CGFl QK LALGGSVAI K | TEHSWNADL
YKLMGHFAVWV TAFVTNVNAS SSEAFLI GON YLGKPREQ D GYVIVHANYI F VIRNTNPI QLS

SYSLFDVSKF PLKLRGTAVM SLKEGQ NDM | LSLLSKGRL | | RENNRWVI

SSDVLVNN

60

120
180
240
298

34
3-4-1

Sequences

Sequence Number [ID]

4




3-4-2 Molecule Type AA
3-4-3 Length 1273
3-4-4 Features source 1..1273
Location/Qualifiers mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
NonEnglishQualifier Value
3-4-5 Residues MFVFLVLLPL VSSQCVNLTT RTQLPPAYTN SFTRGVYYPD KVFRSSVLHS TQDLFLPFFS 60
NVTWFHAI HY SGTNGTKRFD NPVLPFNDGV YFASTEKSNI | RGW FGTTL DSKTQSLLIV 120
NNATNWVI KV CEFQFCNDPF LGVYYHKNNK SWWESEFRVY SSANNCTFEY VSQPFLMDLE 180
GKQGNFKNLR EFVFKNI DGY FKI YSKHTPI NLVRDLPQGF SALEPLVDLP | A NI TRFQT 240
LLALHRSYLT PGDSSSGWA GAAAYYVGYL QPRTFLLKYN ENGTI TDAVD CALDPLSETK 300
CTLKSFTVEK G YQTSNFRV QPTESI VRFP NI TNLCPFGE VFNATRFASV YAWARKRI SN 360
CVADYSVLYN SASFSTFKCY GVSPTKLNDL CFTNVYADSF VI RGDEVRQ APGQTGKI AD 420
YNYKLPDDFT GCVI AWNSNN LDSKVGGNYN YLYRLFRKSN LKPFERDI ST El YQAGSTPC 480
NGVEGFNCYF PLQSYGFQPT NGVGYQPYRV WLSFELLHA PATVCGPKKS TNLVKNKCVN 540
FNFNGLTGTG VLTESNKKFL PFQQFGRDI A DTTDAVRDPQ TLEI LDI TPC SFGGVSVI TP 600
GTNTSNQVAV LYQDVNCTEV PVAI HADQLT PTWRVYSTGS NVFQTRAGCL | GAEHVNNSY 660
ECDI Pl GAG CASYQTQTNS PRRARSVASQ Sl | AYTMSLG AENSVAYSNN SI Al PTNFTI 720
SVTTEI LPVS MIKTSVDCTM Y| CGDSTECS NLLLQYGSFC TQLNRALTG AVEQDKNTCQE 780
VFAQVKQ YK TPPI KDFGGF NFSQ LPDPS KPSKRSFI ED LLFNKVTLAD AGFI KQYGDC 840
LGDI AARDLI CAQKFNGLTV LPPLLTDEM AQYTSALLAG TI TSGAMTFGA GAALQ PFAM 900
QVAYRFNG G VTQNVLYENQ KLI ANQFNSA | GKI QDSLSS TASALGKLQD VWNQNAQALN 960
TLVKQLSSNF GAI SSVLNDI LSRLDKVEAE VQ DRLI TGR LQSLQTYVTQ QLI RAAEI RA 1020
SANLAATKMS ECVLGQSKRV DFCGKGYHLM SFPQSAPHGY VFLHVTYVPA QEKNFTTAPA 1080
| CHDGKAHFP REGVFVSNGT HWFVTOQRNFY EPQ | TTDNT FVSGNCDWI G VNNTVYDP 1140
LQPELDSFKE ELDKYFKNHT SPDVDLGDI S G NASWNI Q KEI DRLNEVA KNLNESLI DL 1200
QELGKYEQYl KWPWYI W.GF | AGLI Al VW TI MLCCMISC CSCLKGCCSC GSCCKFDEDD 1260
SEPVLKGVKL HYT 1273
3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 75
3-5-4 Features source 1..75
Location/Qualifiers mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
NonEnglishQualifier Value
3-5-5 Residues MYSFVSEETG TLI VNSVLLF LAFWFLLVT LAI LTALRLC AYCCNI VNVS LVKPSFYVYS 60
RVKNLNSSRV PDLLV 75
3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 419
3-6-4 Features source 1..419
Location/Qualifiers mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
NonEnglishQualifier Value
3-6-5 Residues VBDNGPQNQR NAPRI TFGGP SDSTGSNONG ERSGARSKQR RPQGLPNNTA SWFTALTQHG 60
KEDLKFPRGQ GVPI NTNSSP DDQ GYYRRA TRRI RGGDGK MKDLSPRWYF YYLGTGPEAG 120
LPYGANKDG | W/ATEGALN TPKDHI GTRN PANNAAI VLQ LPQGTTLPKG FYAEGSRGGS 180
QASSRSSSRS RNSSRNSTPG SSRGTSPARM AGNGGDAALA LLLLDRLNQL ESKMSGKGQQ 240
QQBATVTKKS AAEASKKPRQ KRTATKAYNV TQAFGRRGPE QTQGNFGDQE LI RQGTDYKH 300
WPQ AQFAPS ASAFFGVBRI GVEVTPSGTW LTYTGAI KLD DKDPNFKDQV | LLNKHI DAY 360
KTFPPTEPKK DKKKKADETQ ALPQRQKKQQ TVTLLPAADL DDFSKQLQQS MSSADSTQA 419
3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type DNA
3-7-3 Length 703
3-7-4 Features source 1..703
Location/Qualifiers mol_type=other DNA
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
NonEnglishQualifier Value
3-7-5 Residues caaatttgca ctgacttgct ttagcactca atttgctttt gcttgtcctg acggcgtaaa 60

acacgt ct at
agtt caagaa
ttgcttcaca
tgctttttag
cttgaactgc
ttcttaggaa
act caacat c
t at att agag
ggtt ct aaat
tttacaatta

cagttacgtg
ctttactctc
ct caaaagaa
cctttctget
aagat cat aa
t cat cacaac
aaccat at gt
t aggagct ag
cacccattca
attgccagga

ccagat cagt
caatttttct
agacagaat g
attccttgtt
t gaaact t gt
t gt agct gca
agt t gat gac
aaaat cagca
gt acat cgat
acctaaattg

ttcacct aaa
tattgttgeg
attgaacttt
ttaattatgc
cacgcct aaa
tttcaccaag
ccgtgtccta
cctttaattg
at cggt aat t
ggtagtcttg

ctgttcatca
gcaat agt gt
cattaattga
ttattatctt
cgaacat gaa
aatgtagttt
ttcacttcta
aat t gt gcgt
atacagtttc
tagtgcgttg

gacaagagga
ttat aacact
cttctatttg
ttggttctca
atttcttgtt
acagt cat gt
ttctaaatgg
ggat gaggct
ctgtttacct
ttcgttctat

120
180
240
300
360
420
480
540
600
660




gaagactttt tagagtatca tgacgttcgt gttgttttag att 703

3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 180
3-8-4 Features source 1..180
Location/Qualifiers mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
NonEnglishQualifier Value
3-8-5 Residues MESLVPGFNE KTHVQLSLPV LQVRDVLVRG FGDSVEEVLS EARQHLKDGT CGLVEVEKGV 60

LPQLEQPYVF | KRSDARTAP HGHVMVELVA ELEG QYGRS GETLGVLVPH VGEI PVAYRK 120
VLLRKNGNKG AGGHSYGADL KSFDLGDELG TDPYEDFQEN WNTKHSSGVT RELMRELNGG 180
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