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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.  
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[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 (e) 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), (o), 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 inNSP16, 

(n) a loss-of-function mutation in ORF8, 

(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 (e) and (f), the 

mutation of (h), the mutation of (n), the mutation of (o), 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 (e) 

and (f), and the mutation of (h).  

Item 4. The virus attenuated strain according to any of items I 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 (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.  

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 I 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.  
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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]).  
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Fig. 20 shows weight changes of hamsters infected with the temperature

sensitive strains (A50-18 [Reference Example] and H50-11, L50-33, L50-40 

[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, L50-33, L50-40 

[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 (e) 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 (e) 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), (c), (d), (g), (i) 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 
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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 Polypeptide Amino acid Amino acid after NC_045512 (NCBI) 
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- hnllnn(F I(U45 
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 (f) NSP14 Glycine (G) Serine (S) 2 (f) 416 

Other mutation (g) NSP14 Alanine (A) Valine (V) 2 (g') 504 

sensivemation (h) NSP16 Valine (V) Isoleucine (I) 3 (h') 67 

Other mutation (i) Spike Leucine (L) Tryptophan (W) 4 (i) 54 

Other mutation (j) Spike Threonine (T) Lysine (K) 4 (j) 739 
Other mutation (k) Spike Alanine (A) Valine (V) 4 (k') 879 

Other mutation (1) Envelope Leucine (L) Proline (P) 5 (I') 28 
Other mutation (in) Nucleocapsid Serine (S) Phenylalanine (F) 6 (in') 2 

Other attenuating (n) ORF8 (Complete (Loss-of-function) 7 (n') 1-703 (Deletion)* 
mutation function) 

Other attenuating (o) Spike (Complete) (Partial deletion) 4 (o) 681-684 (Deletion) 
mutation ()(' 

679-680 (Deletion) 
Other mutation (p) Spike (Complete) (Partial deletion) 4 (p') 685-686(Deletion) 

Other mutation (q) Spike Valine (V) Isoleucine (I) 4 (q') 687 

Growthreducing (r) NSP1 (Complete) (Partial deletion) 8 (r') 32-39 (Deletion) 
mutation I_ 

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 1 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 ORF8 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 (e) 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 ORF8, 

(o) 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 ORF8 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 (e) 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 (e) and (f), the mutation of (h), the mutation of (n), the mutation of (o), 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), (c), (d), (g), (i) 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, 

(i) 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 (e) 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 ORF8; 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: 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 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: I to 4 (or I 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: 1 to 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 (I), (II) and (III): 

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

following polypeptides (1-4) to (1-6): 

(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, 

(1-2) a polypeptide (NSP14) consisting of an amino acid sequence having, as 

temperature-sensitive mutations, a substitution mutation of glycine at the 248th position 

(e') 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, 

(1-3) 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, 

(1-4) 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, 

(1-5) a polypeptide (spike) consisting of an amino acid sequence having, as 

other attenuating mutation, a deletion mutation (o') at the 681st to 684th positions in the 

amino acid sequence set forth in SEQ ID NO: 4, and 

(1-6) 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; 

(II) 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 

(III) 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 (1-2) described above (non-structural proteins) and the polypeptide (1-5) 

described above (structural protein) may be the polypeptides (I-la) and (I-2a) and (1-5a) 

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 (I), (II), and (III): 

(I) at least any one of the following polypeptides (I-la), (I-2a), and (1-3) ; and at least 

any one of the following polypeptides (1-4), (1-5a), and (1-6), or in addition thereto, at 

least one of the following polypeptides (I-7a) and (I-8a): 

(I-Ia) 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 

ID NO: 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, 

(1-3) 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, 

(1-4) 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 

(o'); 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 ('), 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, 

(1-6) 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 (') 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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(II) 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 

(III) 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 (I) 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 102, 

preferably by not less than 103, 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 102, 

preferably by not less than 103, 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 NC045512 (NCBI) but also other betacoronaviruses can be made 
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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 (c) 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 () 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 (1) 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 (c) 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 

IDNO: 3 with isoleucine inNSP16 (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 (c) (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.e., 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 (1')) 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 (V6871).  

[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 (e) (preferably the 

mutation of (e') 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 (o), 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 V6871) 

- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the 

mutation of (e') 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); 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 V6871) 

- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the 

mutation of (e') and/or G248V), 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 other attenuating mutations, the mutation of (n) (preferably the mutation of (n')), 

and the mutation of (o); 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 V6871) 

- A strain having, as temperature-sensitive mutations, the mutation of (b) (preferably the 

mutation of (b') and/or L445F), the mutation of (e) (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 (o); or a strain further having, as other mutations, the mutation of 

(c) (preferably the mutation of (c') 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 V6871) 

- 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 (o); or a strain further having, as other mutations, 

the mutation of (c) (preferably the mutation of (c') and/or K1792R), the mutation of (p), 

and the mutation of (q) (preferably the mutation of (q') and/or V6871) 

- A strain having, as temperature-sensitive mutations, the mutation of (e) (preferably the 
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mutation of (e') and/or G248V), 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')), 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 (e) 

(preferably the mutation of (e') 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 V6871) 

[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 "1.  

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 102 PFU/body, 

more preferably not less than 2 x 102 PFU/body, still more preferably not less than 1 x 

103 PFU/body, and still more preferably not less than 2 x 103 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 11PFU/body, preferably not more than 1 x 10 11PFU/body, more preferably 

not more than 6 x 1010 PFU/body, and still more preferably not more than 1 x 1010 

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 102 

TCID50/body, more preferably not less than 2 x 102 TCID50/body, more preferably not 

less than 1 x 103 TCID50/body, and more preferably not less than 2 x 103 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 101 

TCID50/body, more preferably not more than 6 x 1010 TCID50/body, and still more 

preferably not more than 1 x 1010 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 (YAC), 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 X/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 TMPRESS2, VeroE6 cells supplementing expression of 

TMPRESS2, 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-i strain [Comparative Example]) (LC603286, also referred 

to as B- strain, a wild-type strain (clinical isolate), European wild-type strain (B-1 

strain), B-i 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) 

A50-18: 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-i 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. Sinceapoint 

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, G416S, and A504V in NSP14, 

A879V 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 37C, samples in which the growth at 

37C 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 37C 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 inNSP14 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 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 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 37C 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 

37C 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 37C and 32°C similarly to B-i 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 37C, that was clearly weaker than CPE at 32°C. From the above 

results, it was revealed that virus growth was reduced at 37C by having G248V and 

G416S 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 a result, 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 corresponding Amino acid A50-18 Double 

s Polypeptide before mutation mutant 
mutation position*** aftermutation (Ts) strain 

(a) NSP3 1 V 404 A 
[1] (b) NSP3 1 L 445 F 

(c) NSP3 1 K 1792 R 

(d) NSP3 1 D 1832 N 

(e) NSP14 2 G 248 V 
[] (f) NSP14 2 G 416 S 

(g) NSP14 2 A 504 V 
[1] (h) NSP16 3 V 67 I 

(i) Spike 4 L 54 W 

(j) Spike 4 T 739 K 
(k) Spike 4 A 879 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 
NC045512 (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- strain [Comparative 

Example]) and the temperature-sensitive strain (A50-18 strain) using 6-well plates 

underconditionsofMOI= 0.01or0.1(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- strain [Comparative 

Example]) and the temperature-sensitive strain (A50-18 strain) using 6-well plates 

underconditionsofMOI= 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-i strain [Comparative Example]) and the temperature-sensitive strain 

(A50-18 strain) (1 X 104 or 1 x 106 TCID50) were nasally administered at a dose of 100 

pL, and weight changes for 10 days were observed. A group to whichthe 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-i strain [Comparative Example]) and the temperature-sensitive strain 

(A50-18 strain) (1 x 106 TCID50) were nasally administered at a dose of 100 pL. 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. In 

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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showninFig.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 

A50-18 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-i 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 106 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- 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-i strain remarkably grew in the lung tissue and showed tissue damages, whereas 

A50-18 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-i strain, [Comparative Example]) or the temperature-sensitive strain 

(A50-18 strain) (1 X 104 or 1 x 106 TCID50) was nasally administered at a dose of 100 

pL. After 21 days, the clinical isolate (B-1 strain) (1 x 106 TCID50) was nasally 

administered again at a dose of 100 [L, 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-i strain [Comparative Example]) or the temperature-sensitive strain 

(A50-18 strain) (1 x 106 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 TCID50 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-I 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 L50-40 strain (Examples)] 

[Test Example 2-1] Additional isolation of SARS-CoV-2 temperature-sensitive strains, 

H50-11 strain, L50-33 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, L50-40 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 T739Kin 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 L50-40 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 L50-40 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 L50-40 strain 

are indicated as L50-33 strain Rev1 and 2 and L50-40 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 ORF8 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 ORF8, 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 L50-40 

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] 

Mutation Corresponding Amino acid Corresponding Amino acid 

s Polypeptide S before mutation after H50-11 L50-33 L50-40 
mutation position*** mutation 

(a) NSP3 1 V 404 A 
[1] (b) NSP3 1 L 445 F 

(c) NSP3 1 K 1792 R 
(d) NSP3 1 D 1832 N 

[1] (e) NSP14 2 G 248 V 
(f) NSP14 2 G 416 S 
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(g) NSP14 2 A 504 V 

[1] (h) NSP16 3 V 67 I 

(i) Spike 4 L 54 W 

(j) Spike 4 T 739 K 

(k) Spike 4 A 879 V 

(I) Envelope 5 L 28 P 

(m) Nucleocapsid 6 S 2 F 

[2] (n) ORF7a-8 7 (Complete) 1-703 (Deletion) 

[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 
NC045512 (NCBI) strain. Corresponding sequence and mutation position were identified by sequence alignment.  

[0101] 

[Test Example 3] Growth analysis of additional isolates, H50-11 strain, L50-33 strain, 

and L50-40 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 supematants were measured by 

TCID5/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 L50-33 strain, L50-40 strain, and H50-11 

strain [Examples]) (3 x 105 TCID50) were nasally administered at a dose of 100 pL, 

and weight changes for 10 days were observed. A group to whichthe 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-i 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-i strain [Comparative Example]) or the temperature-sensitive strains 

(A50-18 strain [Reference Example], and L50-33 strain, L50-40 strain, and H50-11 

strain [Examples]) (3 x 105 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. Inaddition,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- 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-i strain [Comparative Example]) or the temperature-sensitive strains 

(A50-18 strain [Reference Example], and L50-33 strain, L50-40 strain, and H50-11 

strain [Examples]) (3 x 105 TCID50) were nasally administered at a dose of 100 pL.  

After 21 days, the clinical isolate (B-i strain) (3 x 105 TCID50) was nasally 

administered again at a dose of 100 [L, 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-i strain, whereas the hamsters infected once with B-i 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-i strain [Comparative Example]) or the temperature-sensitive strains 

(A50-18 strain [Reference Example], and L50-33 strain, L50-40 strain, and H50-11 

strain [Examples]) (3 x 105 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-i 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-i strain [Comparative Example]) or the temperature-sensitive strain 

(A50-18 strain [Reference Example]) (3 x 105 TCID50) was nasally administered at a 

dose of 100 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 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). Itwasrevealed 

that the hamsters infected with B-i 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 105 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.  

"i.n" denotes nasal administration, and "S.C" denotes subcutaneous administration.  

By nasal administration of B- 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 101 TCID5o i.n. 100 tL 

High dose i.n. 1.0 x 104TCIDo i.n. 10 pL 

Low dose i.n. 1.0 x 102TCIDo i.n. 10 pL 

High dose s.c. 1.0 x 104TCIDo s.c. 100 pL 

Low dose s.c. 1.0 x 102TCIDo s.c. 100 pL 

[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). Theresults 

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 102 TCID50/10[tL. 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 
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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 104 TCID50 or 

1 x 102 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-i 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). Itwas 

revealed that an individual to which not only the parent wild-type B-i strain, but also 

A50-18 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 ORF8; any of the other mutations found in the temperature-sensitive strains (NSP3 

K1792R and NSP14 A504V)] were used.  

[0115] 

[Table 5] 

Mutation afC inoA cidCorrespondingAminoacid Candidate Candidate Candidate Candidate Candidate Candidate Candidate 
sign Polypeptide SEQ ID NO** buto mution ** tmion strain I strain 2 strain 3 strain 4 strain 5 strain 6 strain 7 

(a) NSP3 I V 404 A 

[1] (b) NSP3 I L 445 F 

(c) NSP3 I K 1792 R 

(d) NSP3 I D 1832 N 

(e) NSP14 2 G 248 V 

(f) NSP14 2 G 416 S 

(g) NSP14 2 A 504 V 

[E (h) NSP16 3 V 67 1 

(i) Spike 4 L 54 W 

() Spike 4 T 739 K 

(k) Spike 4 A 879 V 

(I) Envelope 5 L 28 P 

(n) Nucleocapsid 6 S 2 F 

[2] (n) ORF7a-8 7 (Complete) 1-703 (Deletion) 

(o) Spike 4 (Complete) 681-684 (Deletion) 
[2] ----- ------ ------------------------------------------------------ ----- ---------------------------------------------

(0) Spike 4 (Complete) 681-684 (Deletion) 
629-680 (Deletion) V V V V 

(p) Spike 4 (Complete) 685-686 (Deletion) 

629-680 (Deetion) 
(p) Spike 4 (Complete) 685-686 (Deletion) v 

(q) Spike 4 V 687 1 

[2] (r) NSPI 8 (Complete) 32-39 (Deletion) 

Originalstrainofspikesequence* Br WT WT WT WT WT SA 

Original strain ofsequence 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 ofthe original strains ofsequences 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, N501Y were introduced to B-1 strain) 

** Regarding the sequence other than the spike sequence, it shows a sequence in NC_045512 (NCB) 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 ofNC_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-i 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/hACE2 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 II 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 II 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 I 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 L of 

supernatant of recovery culture of each candidate strain, and growth at 34°C and 37°C 

wascompared. 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 (e) 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-i strain 

(rB-i strain) prepared by the CPER method was used. The resulting growth curves are 

showninFig.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-i 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- Istrain) 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 (e) 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 L 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, 

A50-18 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-i 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 L of 3 x 105 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-i 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 L of 

the candidate strains of 1 x 103 or 1 x 104 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 103 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 103 TCID50, and 

seroconversion of neutralizing antibodies were observed in all individuals when 1 x 104 

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 

103 TCID50, but induction of neutralizing antibodies was observed in three out of five 

individuals by administering the virus of 1 x 104 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 104 TCID50) was nasally 

administered at a dose of 20 L 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 103 TCID50 or 1 x 104 TCID50) was nasally administered again at a dose 

of 20 L 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-i 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 103 

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 Th1 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 L of the candidate strain 2 of 1 x 10' or 1 x 104 

TCID50 or the SARS-CoV-2 temperature-sensitive strain, A50-18 strain, of 1 x 103 

TCID50 was nasally administered in Test Example 13 were challenged by nasally 

administering SARS-CoV-2 B-1 strain (3 x 105 TCID50) at a dose of 100 L 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-i 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 105 TCID50) 

was nasally administered at a dose of 100 L 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 105 PFU/dose.  

The weight changes were observed, and the hamsters were euthanized 3 days after 

administration, and then nasal wash was collected using 500 L of PBS. The obtained 

nasal wash was filtered and sterilized with a 0.22 m filter, and then 100 L 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-i strain [Comparative Example], the temperature-sensitive strain, A50-18 

strain [Reference Example], or the candidate strain 2 [Example] (1 X 105 TCID50) was 

nasally administered with a dose of 20 L 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 104 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-i strain (1 x 105 TCID50) was nasally administered at a dose of 100 L under 

anesthetic conditions. The virus fluid reached the upper respiratory tract of the 

hamster by nasal administration at a dose of 20 L, and the virus fluid reached the lower 

respiratory tract of the hamster by nasal administration at a dose of 100 [L. 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-i 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 A50-18 Candidate 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 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 103 PFU) was nasally administered at a dose of 20 L 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 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. 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 105 PFU) at a dose of 100 L 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 37C for 1 hour. After 

the reaction, the culture mixture was seeded on Vero cells, and after culturing at 37C, 

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 L of the candidate strain of 1 x 103 TCID50, and "High" is a 

result of nasal administration of 20 L of the candidate strain of 1 x 104 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.  
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CLAIMS 

1. A betacoronavirus attenuated strain including: 

non-structural protein(s) having the following mutation of (b), a combination of 

the following mutations of (e) 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), (o), 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 ORF8, 

(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 (e) and (f), the mutation of (h), the mutation of (n), the mutation of (o), 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 (e) 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.  
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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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2-11 Sequence Total Quantity 8



3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 1945
3-1-4 Features

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

NonEnglishQualifier Value
3-1-5 Residues APTKVTFGDD TVIEVQGYKS VNITFELDER IDKVLNEKCS AYTVELGTEV NEFACVVADA 60

VIKTLQPVSE LLTPLGIDLD EWSMATYYLF DESGEFKLAS HMYCSFYPPD EDEEEGDCEE 120
EEFEPSTQYE YGTEDDYQGK PLEFGATSAA LQPEEEQEED WLDDDSQQTV GQQDGSEDNQ 180
TTTIQTIVEV QPQLEMELTP VVQTIEVNSF SGYLKLTDNV YIKNADIVEE AKKVKPTVVV 240
NAANVYLKHG GGVAGALNKA TNNAMQVESD DYIATNGPLK VGGSCVLSGH NLAKHCLHVV 300
GPNVNKGEDI QLLKSAYENF NQHEVLLAPL LSAGIFGADP IHSLRVCVDT VRTNVYLAVF 360
DKNLYDKLVS SFLEMKSEKQ VEQKIAEIPK EEVKPFITES KPSVEQRKQD DKKIKACVEE 420
VTTTLEETKF LTENLLLYID INGNLHPDSA TLVSDIDITF LKKDAPYIVG DVVQEGVLTA 480
VVIPTKKAGG TTEMLAKALR KVPTDNYITT YPGQGLNGYT VEEAKTVLKK CKSAFYILPS 540
IISNEKQEIL GTVSWNLREM LAHAEETRKL MPVCVETKAI VSTIQRKYKG IKIQEGVVDY 600
GARFYFYTSK TTVASLINTL NDLNETLVTM PLGYVTHGLN LEEAARYMRS LKVPATVSVS 660
SPDAVTAYNG YLTSSSKTPE EHFIETISLA GSYKDWSYSG QSTQLGIEFL KRGDKSVYYT 720
SNPTTFHLDG EVITFDNLKT LLSLREVRTI KVFTTVDNIN LHTQVVDMSM TYGQQFGPTY 780
LDGADVTKIK PHNSHEGKTF YVLPNDDTLR VEAFEYYHTT DPSFLGRYMS ALNHTKKWKY 840
PQVNGLTSIK WADNNCYLAT ALLTLQQIEL KFNPPALQDA YYRARAGEAA NFCALILAYC 900
NKTVGELGDV RETMSYLFQH ANLDSCKRVL NVVCKTCGQQ QTTLKGVEAV MYMGTLSYEQ 960
FKKGVQIPCT CGKQATKYLV QQESPFVMMS APPAQYELKH GTFTCASEYT GNYQCGHYKH 1020
ITSKETLYCI DGALLTKSSE YKGPITDVFY KENSYTTTIK PVTYKLDGVV CTEIDPKLDN 1080
YYKKDNSYFT EQPIDLVPNQ PYPNASFDNF KFVCDNIKFA DDLNQLTGYK KPASRELKVT 1140
FFPDLNGDVV AIDYKHYTPS FKKGAKLLHK PIVWHVNNAT NKATYKPNTW CIRCLWSTKP 1200
VETSNSFDVL KSEDAQGMDN LACEDLKPVS EEVVENPTIQ KDVLECNVKT TEVVGDIILK 1260
PANNSLKITE EVGHTDLMAA YVDNSSLTIK KPNELSRVLG LKTLATHGLA AVNSVPWDTI 1320
ANYAKPFLNK VVSTTTNIVT RCLNRVCTNY MPYFFTLLLQ LCTFTRSTNS RIKASMPTTI 1380
AKNTVKSVGK FCLEASFNYL KSPNFSKLIN IIIWFLLLSV CLGSLIYSTA ALGVLMSNLG 1440
MPSYCTGYRE GYLNSTNVTI ATYCTGSIPC SVCLSGLDSL DTYPSLETIQ ITISSFKWDL 1500
TAFGLVAEWF LAYILFTRFF YVLGLAAIMQ LFFSYFAVHF ISNSWLMWLI INLVQMAPIS 1560
AMVRMYIFFA SFYYVWKSYV HVVDGCNSST CMMCYKRNRA TRVECTTIVN GVRRSFYVYA 1620
NGGKGFCKLH NWNCVNCDTF CAGSTFISDE VARDLSLQFK RPINPTDQSS YIVDSVTVKN 1680
GSIHLYFDKA GQKTYERHSL SHFVNLDNLR ANNTKGSLPI NVIVFDGKSK CEESSAKSAS 1740
VYYSQLMCQP ILLLDQALVS DVGDSAEVAV KMFDAYVNTF SSTFNVPMEK LKTLVATAEA 1800
ELAKNVSLDN VLSTFISAAR QGFVDSDVET KDVVECLKLS HQSDIEVTGD SCNNYMLTYN 1860
KVENMTPRDL GACIDCSARH INAQVAKSHN IALIWNVKDF MSLSEQLRKQ IRSAAKKNNL 1920
PFKLTCATTR QVVNVVTTKI ALKGG 1945

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 527
3-2-4 Features

Location/Qualifiers
source 1..527
mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

NonEnglishQualifier Value
3-2-5 Residues AENVTGLFKD CSKVITGLHP TQAPTHLSVD TKFKTEGLCV DIPGIPKDMT YRRLISMMGF 60

KMNYQVNGYP NMFITREEAI RHVRAWIGFD VEGCHATREA VGTNLPLQLG FSTGVNLVAV 120
PTGYVDTPNN TDFSRVSAKP PPGDQFKHLI PLMYKGLPWN VVRIKIVQML SDTLKNLSDR 180
VVFVLWAHGF ELTSMKYFVK IGPERTCCLC DRRATCFSTA SDTYACWHHS IGFDYVYNPF 240
MIDVQQWGFT GNLQSNHDLY CQVHGNAHVA SCDAIMTRCL AVHECFVKRV DWTIEYPIIG 300
DELKINAACR KVQHMVVKAA LLADKFPVLH DIGNPKAIKC VPQADVEWKF YDAQPCSDKA 360
YKIEELFYSY ATHSDKFTDG VCLFWNCNVD RYPANSIVCR FDTRVLSNLN LPGCDGGSLY 420
VNKHAFHTPA FDKSAFVNLK QLPFFYYSDS PCESHGKQVV SDIDYVPLKS ATCITRCNLG 480
GAVCRHHANE YRLYLDAYNM MISAGFSLWV YKQFDTYNLW NTFTRLQ 527

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 298
3-3-4 Features

Location/Qualifiers
source 1..298
mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

NonEnglishQualifier Value
3-3-5 Residues SSQAWQPGVA MPNLYKMQRM LLEKCDLQNY GDSATLPKGI MMNVAKYTQL CQYLNTLTLA 60

VPYNMRVIHF GAGSDKGVAP GTAVLRQWLP TGTLLVDSDL NDFVSDADST LIGDCATVHT 120
ANKWDLIISD MYDPKTKNVT KENDSKEGFF TYICGFIQQK LALGGSVAIK ITEHSWNADL 180
YKLMGHFAWW TAFVTNVNAS SSEAFLIGCN YLGKPREQID GYVMHANYIF WRNTNPIQLS 240
SYSLFDMSKF PLKLRGTAVM SLKEGQINDM ILSLLSKGRL IIRENNRVVI SSDVLVNN 298

3-4 Sequences
3-4-1 Sequence Number [ID] 4

3-1 Sequences

3-1-1 Sequence Number [ID] 1

3-1-2 Molecule Type AA
3-1-3 Length 1945

3-1-4 Features source 1..1945

Location/Qualifiers mol_type=protein

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

NonEnglishQualifier Value

3-1-5 Residues APTKVTFDDD TVIEVQGYKS VNITFELDER IDKVLNEKCS AYTVELGTEV NEFACVVADA 60

VIKTLOPVSE LLTPLGIDLD EWSMATYYLF DESGEFKLAS HMYCSFYPPD EDEEEGDCEE 120
EEFEPSTQYE YGTEDDYQGK PLEFGATSAA LQPEEEQEED WLDDDSQQTV GQQDGSEDNQ 180

TTTICTIVEV QPQLEMELTP VVQTIEVNSF SGYLKLTDNV YIKNADIVEE AKKVKPTVVV 240
NAANVYLKHG GGVAGALNKA TNNAMQVESD DYIATNGPLK VGGSCVLSGH NLAKHCLHVV 300
GPNVNKGEDI QLLKSAYENF NQHEVLLAPL LSAGIFGADP IHSLRVCVDT VRTNVYLAVF 360

DKNLYDKLVS SFLEMKSEKQ VEQKIAEIPK EEVKPFITES KPSVEQRKQD DKKIKACVEE 420

VTTTLEETKF LTENLLLYID INGNLHPDSA TLVSDIDITF LKKDAPYIVG DVVQEGVLTA 480

VVIPTKKAGG TTEMLAKALR KVPTDNYITT YPGQGLNGYT VEEAKTVLKK CKSAFYILPS 540

IISNEKQEIL GTVSWNLREM LAHAEETRKL MPVCVETKAI VSTIQRKYKG IKIQEGVVDY 600

GARFYFYTSK TTVASLINTL NDLNETLVTM PLGYVTHGLN LEEAARYMRS LKVPATVSVS 660

SPDAVTAYNG YLTSSSKTPE EHFIETISLA GSYKDWSYSG QSTQLGIEFL KRGDKSVYYT 720

SNPTTFHLDG EVITFDNLKT LLSLREVRTI KVFTTVDNIN LHTQVVDMSM TYGQQFGPTY 780

LDGADVTKIK PHNSHEGKTF YVLPNDDTLR VEAFEYYHTT DPSFLGRYMS ALNHTKKWKY 840

POVNGLTSIK WADNNCYLAT ALLTLQQIEL KFNPPALQDA YYRARAGEAA NFCALILAYC 900

NKTVGELGDV RETMSYLFQH ANLDSCKRVL NVVCKTCGQQ QTTLKGVEAV MYMGTLSYEQ 960

FKKGVQIPCT CGKQATKYLV QQESPFVMMS APPAQYELKH GTFTCASEYT GNYQCGHYKH 1020

ITSKETLYCI DGALLTKSSE YKGPITDVFY KENSYTTTIK PVTYKLDGWV CTEIDPKLDN 1080

YYKKDNSYFT EQPIDLVPNQ PYPNASFDNF KFVCDNIKFA DDLNQLTGYK KPASRELKVT 1140

FFPDLNGDVV AIDYKHYTPS FKKGAKLLHK PIVWHVNNAT NKATYKPNTW CIRCLWSTKP 1200

VETSNSFDVL KSEDAQGMDN LACEDLKPVS EEVVENPTIQ KDVLECNVKT TEVVGDIILK 1260

PANNSLKITE EVGHTDLMAA YVDNSSLTIK KPNELSRVLG LKTLATHGLA AVNSVPWDTI 1320

ANYAKPFLNK VVSTTTNIVT RCLNRVCTNY MPYFFTLLLQ LCTFTRSTNS RIKASMPTTI 1380

AKNTVKSVGK FCLEASFNYL KSPNFSKLIN IIIWFLLLSV CLGSLIYSTA ALGVLMSNLG 1440

MPSYCTGYRE GYLNSTNVTI ATYCTGSIPC SVCLSGLDSL DTYPSLETIQ ITISSFKWDL 1500

TAFGLVAEWF LAYILFTRFF YVLGLAAIMQ LFFSYFAVHF ISNSWLMWLI INLVOMAPIS 1560

AMVRMYIFFA SFYYVWKSYV HVVDGCNSST CMMCYKRNRA TRVECTTIVN GVRRSFYVYA 1620

NGGKGFCKLH NWNCVNCDTF CAGSTFISDE VARDLSLOFK RPINPTDQSS YIVDSVTVKN 1680

GSIHLYFDKA GQKTYERHSL SHFVNLDNLR ANNTKGSLPI NVIVFDGKSK CEESSAKSAS 1740

VYYSQLMCQP ILLLDQALVS DVGDSAEVAV KMFDAYVNTF SSTFNVPMEK LKTLVATAEA 1800
ELAKNVSLDN VLSTFISAAR QGFVDSDVET KDVVECLKLS HQSDIEVTGD SCNNYMLTYN 1860

KVENMTPRDL GACIDCSARH INAQVAKSHN IALIWNVKDF MSLSEQLRKQ IRSAAKKNNL 1920

PFKLTCATTR QVVNVVTTKI ALKGG 1945

3-2 Sequences

3-2-1 Sequence Number [ID] 2

3-2-2 Molecule Type AA
3-2-3 Length 527

3-2-4 Features source 1..527

Location/Qualifiers mol_type=protein

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

NonEnglishQualifier Value

3-2-5 Residues AENVTGLFKD CSKVITGLHP TQAPTHLSVD TKFKTEGLCV DIPGIPKDMT YRRLISMMGF 60
KMNYQVNGYP NMFITREEAI RHVRAWIGFD VEGCHATREA VGTNLPLQLG FSTGVNLVAV 120
PTGYVDTPNN TDFSRVSAKP PPGDQFKHLI PLMYKGLPWN VVRIKIVQML SDTLKNLSDR 180

VVFVLWAHGF ELTSMKYFVK IGPERTCCLC DRRATCFSTA SDTYACWHHS IGFDYVYNPF 240
MIDVQQWGFT GNLQSNHDLY CQVHGNAHVA SCDAIMTRCL AVHECFVKRV DWTIEYPIIG 300

DELKINAACR KVQHMVVKAA LLADKFPVLH DIGNPKAIKC VPQADVEWKF YDAQPCSDKA 360

YKIEELFYSY ATHSDKFTDG VCLFWNCNVD RYPANSIVCR FDTRVLSNLN LPGCDGGSLY 420

VNKHAFHTPA FDKSAFVNLK QLPFFYYSDS PCESHGKQVV SDIDYVPLKS ATCITRCNLG 480

GAVCRHHANE YRLYLDAYNM MISAGFSLWV YKQFDTYNLW NTFTRLQ 527

3-3 Sequences

3-3-1 Sequence Number [ID] 3

3-3-2 Molecule Type AA
3-3-3 Length 298

3-3-4 Features source 1..298

Location/Qualifiers mol_type=protein

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

NonEnglishQualifier Value

3-3-5 Residues SSQAWQPGVA MPNLYKMQRM LLEKCDLONY GDSATLPKGI MMNVAKYTQL CQYLNTLTLA 60

VPYNMRVIHF GAGSDKGVAP GTAVLRQWLP TGTLLVDSDL NDFVSDADST LIGDCATVHT 120

ANKWDLIISD MYDPKTKNVT KENDSKEGFF TYICGFIQQK LALGGSVAIK ITEHSWNADL 180

YKLMGHFAWW TAFVTNVNAS SSEAFLIGCN YLGKPREQID GYVMHANYIF WRNTNPIQLS 240

SYSLFDMSKF PLKLRGTAVM SLKEGQINDM ILSLLSKGRL IIRENNRVVI SSDVLVNN 298

3-4 Sequences

3-4-1 Sequence Number [ID] 4



3-4-2 Molecule Type AA
3-4-3 Length 1273
3-4-4 Features

Location/Qualifiers
source 1..1273
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

NVTWFHAIHV SGTNGTKRFD NPVLPFNDGV YFASTEKSNI IRGWIFGTTL DSKTQSLLIV 120
NNATNVVIKV CEFQFCNDPF LGVYYHKNNK SWMESEFRVY SSANNCTFEY VSQPFLMDLE 180
GKQGNFKNLR EFVFKNIDGY FKIYSKHTPI NLVRDLPQGF SALEPLVDLP IGINITRFQT 240
LLALHRSYLT PGDSSSGWTA GAAAYYVGYL QPRTFLLKYN ENGTITDAVD CALDPLSETK 300
CTLKSFTVEK GIYQTSNFRV QPTESIVRFP NITNLCPFGE VFNATRFASV YAWNRKRISN 360
CVADYSVLYN SASFSTFKCY GVSPTKLNDL CFTNVYADSF VIRGDEVRQI APGQTGKIAD 420
YNYKLPDDFT GCVIAWNSNN LDSKVGGNYN YLYRLFRKSN LKPFERDIST EIYQAGSTPC 480
NGVEGFNCYF PLQSYGFQPT NGVGYQPYRV VVLSFELLHA PATVCGPKKS TNLVKNKCVN 540
FNFNGLTGTG VLTESNKKFL PFQQFGRDIA DTTDAVRDPQ TLEILDITPC SFGGVSVITP 600
GTNTSNQVAV LYQDVNCTEV PVAIHADQLT PTWRVYSTGS NVFQTRAGCL IGAEHVNNSY 660
ECDIPIGAGI CASYQTQTNS PRRARSVASQ SIIAYTMSLG AENSVAYSNN SIAIPTNFTI 720
SVTTEILPVS MTKTSVDCTM YICGDSTECS NLLLQYGSFC TQLNRALTGI AVEQDKNTQE 780
VFAQVKQIYK TPPIKDFGGF NFSQILPDPS KPSKRSFIED LLFNKVTLAD AGFIKQYGDC 840
LGDIAARDLI CAQKFNGLTV LPPLLTDEMI AQYTSALLAG TITSGWTFGA GAALQIPFAM 900
QMAYRFNGIG VTQNVLYENQ KLIANQFNSA IGKIQDSLSS TASALGKLQD VVNQNAQALN 960
TLVKQLSSNF GAISSVLNDI LSRLDKVEAE VQIDRLITGR LQSLQTYVTQ QLIRAAEIRA 1020
SANLAATKMS ECVLGQSKRV DFCGKGYHLM SFPQSAPHGV VFLHVTYVPA QEKNFTTAPA 1080
ICHDGKAHFP REGVFVSNGT HWFVTQRNFY EPQIITTDNT FVSGNCDVVI GIVNNTVYDP 1140
LQPELDSFKE ELDKYFKNHT SPDVDLGDIS GINASVVNIQ KEIDRLNEVA KNLNESLIDL 1200
QELGKYEQYI KWPWYIWLGF IAGLIAIVMV TIMLCCMTSC 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

Location/Qualifiers
source 1..75
mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

NonEnglishQualifier Value
3-5-5 Residues MYSFVSEETG TLIVNSVLLF LAFVVFLLVT LAILTALRLC AYCCNIVNVS 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

Location/Qualifiers
source 1..419
mol_type=protein
organism=Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

NonEnglishQualifier Value
3-6-5 Residues MSDNGPQNQR NAPRITFGGP SDSTGSNQNG ERSGARSKQR RPQGLPNNTA SWFTALTQHG 60

KEDLKFPRGQ GVPINTNSSP DDQIGYYRRA TRRIRGGDGK MKDLSPRWYF YYLGTGPEAG 120
LPYGANKDGI IWVATEGALN TPKDHIGTRN PANNAAIVLQ LPQGTTLPKG FYAEGSRGGS 180
QASSRSSSRS RNSSRNSTPG SSRGTSPARM AGNGGDAALA LLLLDRLNQL ESKMSGKGQQ 240
QQGQTVTKKS AAEASKKPRQ KRTATKAYNV TQAFGRRGPE QTQGNFGDQE LIRQGTDYKH 300
WPQIAQFAPS ASAFFGMSRI GMEVTPSGTW LTYTGAIKLD DKDPNFKDQV ILLNKHIDAY 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

Location/Qualifiers
source 1..703
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

acacgtctat cagttacgtg ccagatcagt ttcacctaaa ctgttcatca gacaagagga 120
agttcaagaa ctttactctc caatttttct tattgttgcg gcaatagtgt ttataacact 180
ttgcttcaca ctcaaaagaa agacagaatg attgaacttt cattaattga cttctatttg 240
tgctttttag cctttctgct attccttgtt ttaattatgc ttattatctt ttggttctca 300
cttgaactgc aagatcataa tgaaacttgt cacgcctaaa cgaacatgaa atttcttgtt 360
ttcttaggaa tcatcacaac tgtagctgca tttcaccaag aatgtagttt acagtcatgt 420
actcaacatc aaccatatgt agttgatgac ccgtgtccta ttcacttcta ttctaaatgg 480
tatattagag taggagctag aaaatcagca cctttaattg aattgtgcgt ggatgaggct 540
ggttctaaat cacccattca gtacatcgat atcggtaatt atacagtttc ctgtttacct 600
tttacaatta attgccagga acctaaattg ggtagtcttg tagtgcgttg ttcgttctat 660

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

NVTWFHAIHV SGTNGTKRFD NPVLPFNDGV YFASTEKSNI IRGWIFGTTL DSKTQSLLIV 120

NNATNVVIKV CEFQFCNDPF LGVYYHKNNK SWMESEFRVY SSANNCTFEY VSQPFLMDLE 180

GKQGNFKNLR EFVFKNIDGY FKIYSKHTPI NLVRDLPQGF SALEPLVDLP IGINITRFQT 240

LLALHRSYLT PGDSSSGWTA GAAAYYVGYL QPRTFLLKYN ENGTITDAVD CALDPLSETK 300

CTLKSFTVEK GIYQTSNFRV QPTESIVRFP NITNLCPFGE VFNATRFASV YAWNRKRISN 360

CVADYSVLYN SASFSTFKCY GVSPTKLNDL CFTNVYADSF VIRGDEVRQI APGQTGKIAD 420

YNYKLPDDFT GCVIAWNSNN LDSKVGGNYN YLYRLFRKSN LKPFERDIST EIYQAGSTPC 480

NGVEGFNCYF PLQSYGFQPT NGVGYQPYRV VVLSFELLHA PATVCGPKKS TNLVKNKCVN 540

FNFNGLTGTG VLTESNKKFL PFQQFGRDIA DTTDAVRDPQ TLEILDITPC SFGGVSVITP 600

GTNTSNQVAV LYQDVNCTEV PVAIHADQLT PTWRVYSTGS NVFQTRAGCL IGAEHVNNSY 660

ECDIPIGAGI CASYOTOTNS PRRARSVASO SIIAYTMSLG AENSVAYSNN SIAIPTNFTI 720

SVTTEILPVS MTKTSVDCTM YICGDSTECS NLLLQYGSFC TOLNRALTGI AVEQDKNTQE 780

VFAQVKQIYK TPPIKDFGGF NFSQILPDPS KPSKRSFIED LLFNKVTLAD AGFIKQYGDC 840

LGDIAARDLI CAQKFNGLTV LPPLLTDEMI AQYTSALLAG TITSGWTFGA GAALQIPFAM 900

QMAYRFNGIG VTQNVLYENQ KLIANQFNSA IGKIQDSLSS TASALGKLOD VVNQNAQALN 960

TLVKQLSSNF GAISSVLNDI LSRLDKVEAE VOIDRLITGR LQSLQTYVTQ QLIRAAEIRA 1020

SANLAATKMS ECVLGQSKRV DFCGKGYHLM SFPQSAPHGV VFLHVTYVPA QEKNFTTAPA 1080

ICHDGKAHFP REGVFVSNGT HWFVTQRNFY EPQIITTDNT FVSGNCDVVI GIVNNTVYDP 1140

LOPELDSFKE ELDKYFKNHT SPDVDLGDIS GINASVVNIQ KEIDRLNEVA KNLNESLIDL 1200

QELGKYEQYI KWPWYIWLGF IAGLIAIVMV TIMLCCMTSC 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 TLIVNSVLLF LAFVVFLLVT LAILTALRLC AYCCNIVNVS 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 MSDNGPQNQR NAPRITFGGP SDSTGSNONG ERSGARSKQR RPQGLPNNTA SWFTALTQHG 60

KEDLKFPRGQ GVPINTNSSP DDQIGYYRRA TRRIRGGDGK MKDLSPRWYF YYLGTGPEAG 120

LPYGANKDGI IWVATEGALN TPKDHIGTRN PANNAAIVLQ LPQGTTLPKG FYAEGSRGGS 180

QASSRSSSRS RNSSRNSTPG SSRGTSPARM AGNGGDAALA LLLLDRLNQL ESKMSGKGQQ 240

QQGQTVTKKS AAEASKKPRQ KRTATKAYNV TQAFGRRGPE QTQGNFGDQE LIRQGTDYKH 300

WPQIAQFAPS ASAFFGMSRI GMEVTPSGTW LTYTGAIKLD DKDPNFKDQV ILLNKHIDAY 360

KTFPPTEPKK DKKKKADETO 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

acacgtctat cagttacgtg ccagatcagt ttcacctaaa ctgttcatca gacaagagga 120

agttcaagaa ctttactctc caatttttct tattgttgcg gcaatagtgt ttataacact 180

ttgcttcaca ctcaaaagaa agacagaatg attgaacttt cattaattga cttctatttg 240

tgctttttag cctttctgct attccttgtt ttaattatga ttattatctt ttggttctca 300

cttgaactgc aagatcataa tgaaacttgt cacgectaaa cgaacatgaa atttcttgtt 360

ttcttaggaa tcatcacaac tgtagctgca tttcaccaag aatgtagttt acagtcatgt 420

actcaacata aaccatatgt agttgatgac ccgtgtccta ttcacttcta ttctaaatgg 480

tatattagag taggagctag aaaatcagca cctttaattg aattgtgcgt ggatgaggct 540

ggttctaaat cacccattca gtacatcgat atcggtaatt atacagtttc ctgtttacct 600

tttacaatta attgccagga acctaaattg ggtagtcttg tagtgcgttg ttcgttctat 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

Location/Qualifiers
source 1..180
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 IKRSDARTAP HGHVMVELVA ELEGIQYGRS GETLGVLVPH VGEIPVAYRK 120
VLLRKNGNKG AGGHSYGADL KSFDLGDELG TDPYEDFQEN WNTKHSSGVT RELMRELNGG 180
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