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(57) ABSTRACT 

Provided is a norovirus deactivator, including a lysozyme 
component that includes at least one kind selected from 
lysozyme and/or a salt thereof, and a denatured product 
thereof. 
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NOROVIRUS DEACTIVATOR AND METHOD 
FOR PRODUCING SAME, METHOD FOR 
DEACTIVATING NOROVIRUS, METHOD 

FOR PRODUCING LYSOZYME 
COMPONENT FOR NOROVIRUS 

DEACTIVATION USE, PROPHYLACTIC OR 
THERAPEUTICAGENT FOR NOROVIRUS 

INFECTION, AND EXTERNAL 
PREPARATION FOR SKN FOR NOROVIRUS 

DEACTIVATION PURPOSES 

TECHNICAL FIELD 

0001. The present invention relates to a norovirus deac 
tivator including at least one kind of lysozyme and/or a salt 
thereof, and a denatured product thereof and a method of 
producing the same, a method of deactivating norovirus, a 
method of producing a lysozyme component for norovirus 
deactivation use, a prophylactic agent or therapeutic agent 
for norovirus infection, and an external preparation for skin 
for norovirus deactivation purposes. 

BACKGROUND ART 

0002 Norovirus is highly infectious to humans, and 
causes food poisoning and acute viral gastroenteritis (infec 
tious disease). At present, there is no vaccine for norovirus, 
and there is also no effective antiviral agent. Accordingly, 
once the infection is developed, its treatment is limited to 
symptomatic therapy like infusion. Consequently, the Symp 
tom becomes severe in an elderly patient or the like in some 
CaSCS. 

0003. A main infection pathway of norovirus is oral 
infection. Accordingly, in order to prevent an onset of the 
food poisoning or the infectious disease and to prevent 
spread after the onset, it is extremely important to deactivate 
norovirus present in an environment. 
0004 Hitherto, many disinfectants, such as alcohol 
preparations, have been considered ineffective for deactiva 
tion of norovirus, and for the purpose of deactivation, 
heating at 85°C. for 1 minute or more or treatment with 
sodium hypochlorite has been recommended. However, 
practical use of sodium hypochlorite is limited because of its 
corrosive action on metal, irritating action on skin, and 
bleaching action on, for example, clothing. Accordingly, 
there is a demand for development of an alternative deac 
tivator to sodium hypochlorite. 
0005 To that end, as an active ingredient of a norovirus 
deactivator, there have been proposed, for example, a per 
Simmon tannin extract (persimmon tannin) (Patent Litera 
ture 1), and proanthocyanidin contained in grape seeds or the 
like (Patent Literature 2). 
0006 Specifically, in Patent Literature 1, there is a dis 
closure that application of the persimmon tannin extract for 
2 minutes exhibited inhibition rates of from 86% to 99% for 
viral genome RNA counts, and in Patent Literature 2, there 
is a disclosure that proanthocyanidin had an infectivity titer 
(logTCIDs/mL) of 3 with respect to a control in a TCIDso 
method in the case of an action time of 1 minute. However, 
in any of those cases, Sufficient deactivation of norovirus has 
not been achieved, and in view of strong infectivity of 
norovirus, there is a demand for development of a novel 
deactivator having a stronger deactivating effect. 
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CITATION LIST 

Patent Literature 

0007 PTL 1 JP 5092145 B2 
O008 PTL 2 JP 2013-047196 A 

SUMMARY OF INVENTION 

Technical Problem 

0009. It is an object of the present invention to provide a 
technology for effectively deactivating norovirus. 

Solution to Problem 

0010. The inventors of the present invention have sur 
prisingly found that at least one kind of lysozyme and/or a 
salt thereof, and a denatured product thereof has an excellent 
deactivating action on norovirus. Thus, the inventors have 
arrived at the present invention. 
0011 1. A norovirus deactivator according to one 
embodiment of the present invention includes a lysozyme 
component that includes at least one kind selected from 
lysozyme and/or a salt thereof, and a denatured product 
thereof. 
0012. 2. In the norovirus deactivator according to the 
above-mentioned item 1, a content of the lysozyme compo 
nent may be 0.05 mass % or more. 
0013 3. In the norovirus deactivator according to the 
above-mentioned item 1 or 2, the lysozyme component may 
have a fluorescence intensity specified by the following 
definition of 4,000 or more: 
0014 Fluorescence intensity: a fluorescence intensity 
measured under conditions of an excitation wavelength of 
390 nm with an excitation band width of 10 nm, a fluores 
cence wavelength of 470 nm with a fluorescence band width 
of 10 nm for a liquid obtained by adding 25uL of a methanol 
solution of 8 mM 1.8-anilinonaphthalenesulfonic acid to 5 
mL of a dilution obtained by diluting the lysozyme compo 
nent with a phosphate buffer having a pH of 7.0 so as to have 
a concentration of the lysozyme component of 0.05 mass % 
in terms of Solid content, and to have a concentration of 
phosphate of 0.2 M and then subjecting the liquid is sub 
jected to a reaction at room temperature for 30 minutes. 
0015. 4. In the norovirus deactivator according to any one 
of the above-mentioned items 1 to 3, the lysozyme compo 
nent may have an anti-norovirus activity specified below of 
2.0 or more: 
0016. Anti-norovirus activity: a value obtained by sub 
tracting, when a norovirus mixed liquid obtained by mixing 
equal amounts of a norovirus Solution and a 2 mass % 
aqueous Solution of the lysozyme component is left standing 
at room temperature for 1 minute, a logarithm of an infec 
tivity titer after the standing from a logarithm of an infec 
tivity titer before the standing. 
0017 5. In the norovirus deactivator according to any one 
of the above-mentioned items 1 to 4, the norovirus deacti 
vator may include a liquid formulation. 
0018 6. A method of deactivating norovirus according to 
one embodiment of the present invention may include 
deactivating norovirus using a lysozyme component that 
includes at least one kind selected from lysozyme and/or a 
salt thereof, and a denatured product thereof. 
0019 7. A method of producing a lysozyme component 
for norovirus deactivation use according to one embodiment 
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of the present invention is a method of producing a lysozyme 
component for norovirus deactivation use to be incorporated 
into the norovirus deactivator of any one of the above 
mentioned items 1 to 5, the method including thermally 
denaturing lysozyme and/or a salt thereof. 
0020) 8. A method of producing a norovirus deactivator 
according to one embodiment of the present invention 
includes incorporating a lysozyme component that includes 
at least one kind selected from lysozyme and/or a salt 
thereof, and a denatured product thereof. 
0021 9. The method of producing a norovirus deactivator 
according to the one embodiment of the present invention is 
the method of producing a norovirus deactivator according 
to the above-mentioned item 8, further including: thermally 
denaturing the lysozyme and/or the salt thereof to obtain a 
thermally denatured product; and obtaining a norovirus 
deactivator containing the thermally denatured product. 
0022 10. In the method of producing a norovirus deac 
tivator according to the above-mentioned item 9, obtaining 
the thermally denatured product may include: 
0023 a first heating step of heating an aqueous Solution 
of the lysozyme and/or the salt thereof having a transmit 
tance for light having a wavelength of 660 nm of more than 
70%, a pH of 5.0 or more and 7.0 or less, and a concentration 
of the lysozyme and/or the salt thereof of 0.5 mass % or 
more and 7 mass % or less in terms of solid content, until the 
transmittance of the aqueous solution for light having a 
wavelength of 660 nm becomes 70%: 
0024 after the first heating step, a second heating step of 
heating the aqueous solution until the transmittance of the 
aqueous solution for light having a wavelength of 660 nm 
reaches a minimum of less than 70%, followed by heating of 
the aqueous solution until the transmittance becomes 70%: 
and 
0025 after the second heating step, a third heating step of 
further heating the aqueous solution in a state in which the 
transmittance of the aqueous solution for light having a 
wavelength of 660 nm is more than 70%. 
0026 11. In the method of producing a norovirus deac 
tivator according to the above-mentioned item 10, heating 
conditions of the third heating step may include Such con 
ditions that the heating is performed until a transmittance for 
light having a wavelength of 660 nm of a mixture of a 
product obtained by filtering the aqueous solution obtained 
in the third heating step through a 0.45 um membrane filter 
with ethanol at a ratio of 1:1 in terms of mass ratio becomes 
85% or more. 
0027 12. The method of producing a norovirus deacti 
vator according to the above-mentioned item 10 or 11 may 
further include, after the third heating step, Subjecting the 
aqueous solution to spray drying or freeze drying to obtain 
the denatured product in a powder form. 
0028 13. A prophylactic agent or therapeutic agent for 
norovirus infection according to one embodiment of the 
present invention includes a lysozyme component that 
includes at least one kind selected from lysozyme and/or a 
salt thereof, and a denatured product thereof. 
0029. 14. An external preparation for skin for norovirus 
deactivation purposes according to one embodiment of the 
present invention includes a lysozyme component that 
includes at least one kind selected from lysozyme and/or a 
salt thereof, and a denatured product thereof. 
0030) 15. A lysozyme component according to one 
embodiment of the present invention is a lysozyme compo 
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nent for norovirus deactivation use, including at least one 
kind selected from lysozyme and/or a salt thereof, and a 
denatured product thereof. 

Advantageous Effects of Invention 
0031. The lysozyme component included in the norovirus 
deactivator of the present invention, which is at least one 
kind selected from the lysozyme and/or the salt thereof, and 
the denatured product thereof, has an excellent deactivating 
action on norovirus. In particular, the thermally denatured 
product can deactivate norovirus within an extremely short 
action time of 1 minute or less. In addition, hitherto, 
lysozyme has been used as a food additive for improving the 
shelf life of food, and lysozyme chloride has been used as an 
antiphlogistic. Accordingly, the norovirus deactivator of the 
present invention can be safely used. Therefore, the noro 
virus deactivator of the present invention, the method of 
deactivating norovirus of the present invention, the prophy 
lactic agent or therapeutic agent for norovirus infection of 
the present invention, and the external preparation for skin 
for norovirus deactivation purposes of the present invention 
are useful for the inhibition of norovirus proliferation, the 
killing of norovirus, the prevention of norovirus infection, 
the prevention of the spread of the infection, and the 
treatment of the infection. 
0032. In particular, a norovirus deactivator obtained by 
mixing the lysozyme or the salt thereof, or the denatured 
product thereof with a liquid containing an alcohol. Such as 
a lower alcohol or a polyhydric alcohol, exhibits both a 
sterilizing effect of the alcohol and a norovirus deactivating 
effect of the lysozyme component, and hence makes it 
possible to routinely sterilize a housing environment and 
deactivate norovirus. 
0033. In addition, according to the method of producing 
a norovirus deactivator of the present invention, the noro 
virus deactivator can be simply produced. Further, according 
to the method of producing a lysozyme component for 
norovirus deactivation use, a lysozyme component having 
an extremely high norovirus deactivating effect can be 
produced. 

BRIEF DESCRIPTION OF DRAWINGS 

0034 FIG. 1 is a graph for schematically showing a 
relationship between a heating time and a transmittance in a 
first heating step, a second heating step, and a third heating 
step in obtaining a thermally denatured product of lysozyme 
in a method of producing a norovirus deactivator of the 
present invention. 
0035 FIG. 2 is a photograph for showing the results of 
electrophoresis (SDS-PAGE) of lysozyme components (de 
natured products of lysozyme and/or a salt thereof) obtained 
in one Example of the present invention. 
0036 FIG. 3 (a) is an electron micrograph of norovirus, 
FIG. 3 (b) is an electron micrograph of a lysozyme compo 
nent (lysozyme denatured product obtained by heating at 80° 
C. for 180 minutes), and FIG. 3(c) is an electron micrograph 
of norovirus and the lysozyme component (lysozyme dena 
tured product) at a time point of 1 minute from the start of 
COntact. 

0037 FIG. 4(a) is an electron micrograph of norovirus 
and a lysozyme component (lysozyme denatured product 
obtained by heating of 80°C.x180 minutes) at a time point 
of 1 hour from the start of contact, and FIG. 4(b) is an 
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electron micrograph of norovirus and a lysozyme compo 
nent (unheated lysozyme) at a time point of 1 minute from 
the start of contact. 
0038 FIG. 5 is the result of analysis of a human noro 
virus gene amount by a real-time PCR method after contact 
between human norovirus and a lysozyme component of the 
present invention (100° C.x40 minutes) for 1 hour. 

DESCRIPTION OF EMBODIMENTS 

0039. The present invention is hereinafter described in 
detail. In the present invention, “part(s) means “part(s) by 
mass” and “96' means “mass %' unless otherwise specified. 
0040 <Outline of Invention> 
0041. A norovirus deactivator of the present invention 
includes at least one kind selected from lysozyme and/or a 
salt thereof, and a denatured product thereof (hereinafter 
sometimes abbreviated as “lysozyme component'). The 
lysozyme component is used for the deactivation of noro 
virus. That is, the norovirus deactivator of the present 
invention may include one kind or two or more kinds of 
lysozyme and/or a salt thereof, and a denatured product 
thereof (the denatured product of the lysozyme and/or the 
salt thereof is hereinafter sometimes abbreviated as 
“lysozyme denatured product”). 
0042. For example, the norovirus deactivator of the pres 
ent invention may use the lysozyme component (e.g., the 
lysozyme or the salt thereof, or the denatured product 
thereof) as an active ingredient. Such norovirus deactivator 
may be used as, for example, a disinfectant for norovirus, or 
a prophylactic agent or therapeutic agent for norovirus 
infection. In addition, depending on its use form, the noro 
virus deactivator may be used as any of an external prepa 
ration and an oral preparation. 
0043. In the present invention, the “deactivation of (to 
deactivate) norovirus' refers to a decrease in activity of 
norovirus which causes symptoms, such as vomiting and 
diarrhea, by infecting epithelial cells of the small intestine to 
proliferate, and includes not only a decrease in activity by 
the killing of norovirus, but also a decrease in only the 
activity in a state in which norovirus is viable. 
0044) <Lysozyme and/or Salt Thereof 
0045. In the present invention, the “lysozyme” refers to a 
protein having a property of hydrolyzing a B-1.4 bond 
between N-acetylglucosamine and N-acetylmuramic acid. 
0046. The lysozyme that may be incorporated into the 
norovirus deactivator of the present invention is widely 
present in the biological world. Such as eggs, animal tissues, 
body fluids, and plants, and is broadly classified into the 
following five kinds of families on the basis of substrate 
specificity and structure. In addition, the lysozyme and/or 
the salt thereof may be used as a raw material for the 
lysozyme denatured product. 
0047 1. Lysozymes (bacterium type) 
0048 2. Lysozymes (chicken type) 
0049. 3. Lysozymes (goose type) 
0050. 4. Lysozymes (phage type; type V) 
0051 5. Lysozymes (CH type) 
0052. In the present invention, any of the five kinds of 
families may be used. Of those lysozymes, as the lysozyme 
component to be used in the present invention, and as a raw 
material for the lysozyme denatured product, lysozymes 
(chicken type). Such as egg white lysozyme and human 
lysozyme, are preferred from the viewpoint of their wide use 
as food additives and the like. Further, egg white lysozyme 
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and/or a denatured product thereof is particularly preferred 
because of the low cost and easy availability thereof. 
0053. In addition, examples of the salt of the lysozyme 
include salts that are acceptable as food additives or phar 
maceutically acceptable salts, for example, salts of inorganic 
acids, such as hydrochloric acid, carbonic acid, phosphoric 
acid, boric acid, hexametaphosphoric acid, nitric acid, and 
Sulfuric acid, and salts of organic acids, such as citric acid, 
tartaric acid, Succinic acid, malic acid, acetic acid, glutamic 
acid, glycerophosphoric acid, and gluconic acid. Of the salts 
of the lysozyme, salts of inorganic acids are preferred, and 
hydrochloric acid salts, such as lysozyme chloride, are more 
preferred because of their wide use as antiphlogistics and 
established safety. 
0054 As a method of denaturing the lysozyme and/or the 
salt thereof, there may be given, for example, heat treatment, 
acid treatment, alkali treatment, enzyme treatment, organic 
Solvent treatment, Surfactant treatment, oxidation treatment, 
reduction treatment, and high-pressure treatment. One of 
those denaturation treatments may be performed alone, or 
two or more thereof may be performed in combination. The 
lysozyme denatured product also encompasses a lysozyme 
derived peptide obtained by subjecting the lysozyme and/or 
the salt thereof to decomposition treatment. 
0055. Of the lysozyme components, one obtained by 
thermally denaturing the lysozyme and/or the salt thereof 
(hereinafter sometimes referred to simply as “thermally 
denatured product) is preferred in terms of its deactivating 
effect on norovirus. The thermally denatured product can 
deactivate norovirus within a short period of time as com 
pared to unheated lysozyme and/or a salt thereof. In view of 
this, the present invention also encompasses, as a method of 
producing lysozyme for norovirus deactivation use, a 
method of thermally denaturing lysozyme and/or a salt 
thereof. 

0056 Heating conditions of the thermal denaturation are 
not particularly limited as long as the denaturation of the 
lysozyme and/or the salt thereof is appropriately performed, 
but it is preferred to heat the lysozyme and/or the salt thereof 
at 50° C. or more and 130° C. or less, preferably 60° C. or 
more, more preferably 70° C. or more. 
0057. As a method for the thermal denaturation, the 
lysozyme and/or the salt thereof may be heated after being 
dissolved in a solvent, or may be heated as powder. When 
the lysozyme and/or the salt thereof is heated after being 
dissolved, the heating time, which may be determined 
depending on the heating temperature of the lysozyme, may 
be 1 minute or more and 720 minutes or less. When the 
lysozyme and/or the salt thereof is heated as powder, the 
heating time is preferably 1 day or more and less than 30 
days. The solvent is not limited as long as the solvent is 
capable of dissolving the lysozyme and/or the salt thereof, 
and the solvent may be, for example, water or a water 
containing organic solvent. 
0058 <Obtaining Thermally Denatured Product> 
0059. The obtaining the thermally denatured product 
includes: a first heating step of heating an aqueous solution 
of lysozyme having a transmittance for light having a 
wavelength of 660 nm of more than 70% (preferably 80% or 
more, more preferably 90% or more, and generally 100% or 
less), a pH of 5.0 or more and 7.0 or less, and a concentration 
of the lysozyme and/or the salt thereof of 0.5 mass % or 
more and 7 mass % or less in terms of solid content, until the 
transmittance of the aqueous solution for light having a 
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wavelength of 660 nm becomes 70% (hereinafter sometimes 
referred to simply as “first heating step'); after the first 
heating step, a second heating step of heating the aqueous 
Solution until the transmittance of the aqueous Solution for 
light having a wavelength of 660 nm reaches a minimum of 
less than 70%, followed by heating of the aqueous solution 
until the transmittance becomes 70% (hereinafter sometimes 
referred to simply as “second heating step'); and after the 
second heating step, a third heating step of further heating 
the aqueous solution in a state in which the transmittance of 
the aqueous solution for light having a wavelength of 660 
nm is more than 70% (hereinafter sometimes referred to 
simply as “third heating step'). Through the first heating 
step, the second heating step, and the third heating step, the 
lysozyme denatured product can be obtained. 
0060. Through the first heating step, the second heating 
step, and the third heating step, a lysozyme denatured 
product having a fluorescence intensity specified by the 
above-mentioned definition of 4,000 or more can be 
obtained. 
0061 Mechanism of Heating 
0062 FIG. 1 is a graph for schematically showing a 
relationship between a heating time and a transmittance in 
the first heating step, the second heating step, and the third 
heating step in a method of producing a lysozyme denatured 
product according to one embodiment of the present inven 
tion. The inventors of the present invention have found that 
in the heating of an aqueous Solution containing lysozyme, 
its transmittance for light having a wavelength of 660 nm is 
changed in accordance with the heating time as shown in 
FIG. 1. The change in transmittance is presumed to result 
from a change in Surface hydrophobicity of the lysozyme 
denatured product to be obtained (mainly an increase in 
Surface hydrophobicity) and a change in water Solubility of 
the lysozyme denatured product (a decrease in water solu 
bility and a Subsequent increase in water solubility). 
0063 First Heating Step 
0064. As shown in FIG. 1, the fact that in the aqueous 
Solution having a transmittance for light having a wave 
length of 660 nm of more than 70%, the transmittance for the 
light is decreased to 70% through the first heating step 
means that the transmittance of the aqueous solution is 
decreased, and for example, clouding of the aqueous solu 
tion may be found through visual observation. 
0065. That is, in the first heating step, the transmittance 
of the aqueous Solution for light having a wavelength of 660 
nm is decreased from more than 70% to 70% presumably as 
a result of the following: the three-dimensional structure of 
the lysozyme and/or the surface hydrophobicity of the 
Surface of the lysozyme in the aqueous solution is increased, 
and the lysozyme is aggregated through attraction between 
hydrophobic portions to have decreased solubility in the 
aqueous solution. 
0066 (Raw Material) 
0067. As the lysozyme and/or the salt thereof serving as 
the raw material, to be used in the aqueous Solution in the 
first heating step, the lysozyme and/or the salt thereof 
exemplified in the foregoing section <Lysozyme and/or Salt 
thereof may be used. The lysozyme and/or the salt thereof 
serving as the raw material is preferably egg white lysozyme 
because of its low cost and easy availability. 
0068 (Concentration of Raw Material) 
0069. In the first heating step, the concentration of the 
lysozyme in the aqueous Solution is preferably 1 mass % or 
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more and is preferably 5 mass % or less because the 
three-dimensional structure of the lysozyme can be reliably 
changed and aggregation of the lysozyme can be prevented 
to enhance its deactivating action on norovirus. 
0070 (Aqueous Solution of Lysozyme and/or Salt 
Thereof) 
0071. A solvent for forming the aqueous solution of the 
lysozyme and/or the salt thereof is water, but there may be 
used an organic solvent that is miscible with water as long 
as the solubility of the lysozyme and/or the salt thereof in 
water is not affected. The ratio of water in the solvent for 
forming the aqueous Solution of the lysozyme and/or the salt 
thereof is generally 80 mass % or more and 100 mass % or 
less. In addition, when the solvent for forming the aqueous 
solution of the lysozyme and/or the salt thereof contains the 
organic solvent that is miscible with water, the ratio of the 
organic solvent in the solvent for forming the aqueous 
solution of the lysozyme and/or the salt thereof is generally 
1 mass % or more and 20 mass % or less. 
0072 The organic solvent only needs to be an organic 
solvent that is miscible in water, and examples thereof 
include alcohol-based solvents, such as methanol, ethanol, 
1-propanol. 2-propanol, ethylene glycol, propylene glycol, 
and glycerin; ketone-based solvents, such as acetone and 
methyl ethyl ketone; acetonitrile; tetrahydrofuran; and 1,4- 
dioxane. Those organic solvents may each be used alone, or 
two or more kinds thereof may be used in combination. 
0073 (pH) 
0074. In each of the first heating step, the second heating 
step, and the third heating step, the pH of the aqueous 
solution is more preferably 5.5 or more and is more pref 
erably 6.5 or less because aggregation of the lysozyme can 
be prevented and the surface hydrophobicity of the 
lysozyme denatured product to be obtained can be increased. 
0075. In addition, as required, any of the following may 
be used to adjust the aqueous solution to have a pH within 
the above-mentioned range: acids (e.g., inorganic acids, 
Such as hydrochloric acid, Sulfuric acid, and nitric acid, and 
organic acids, such as citric acid, acetic acid, and phosphoric 
acid), alkalis (e.g., inorganic bases, such as Sodium hydrox 
ide and potassium hydroxide), and buffers (e.g., acetate 
buffer). 
0076 For example, when the lysozyme is the salt of 
lysozyme (e.g., lysozyme chloride), the first heating step is 
preferably performed after adjusting the pH of the aqueous 
Solution to a pH within the above-mentioned range with an 
acid, an alkali, or a buffer. 
(0077. Second Heating Step 
0078. In the second heating step, the aqueous solution 
obtained in the first heating step is heated until its transmit 
tance for light having a wavelength of 660 nm reaches, from 
70%, a minimum of less than 70% (preferably less than 
60%, more preferably less than 50%, and generally 0% or 
more), and then heated until the transmittance becomes 
70%. Thus, the light transmittance of the aqueous solution 
obtained in the first heating step is further decreased (as a 
result, clouding and/or precipitation in the aqueous Solution 
may be found by visual observation). After that, the trans 
mittance starts to be increased, and gradual disappearance of 
the clouding and/or the precipitation (as a result, it may be 
found by visual observation that the aqueous Solution gradu 
ally becomes transparent) may be found. 
007.9 That is, in the second heating step, the transmit 
tance of the aqueous solution for light having a wavelength 
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of 660 nm becomes 70% presumably as a result of the 
following: as the three-dimensional structure of the 
lysozyme in the aqueous solution is further changed to 
further increase the surface hydrophobicity of the lysozyme, 
the water solubility of the lysozyme is temporarily decreased 
and is then increased. 
0080 A mechanism by which as the surface hydropho 
bicity of the lysozyme is further increased in the second 
heating step, the water Solubility of the lysozyme is tempo 
rarily decreased and is then increased has yet to be eluci 
dated, but this is presumably because through the second 
heating step, the lysozymes aggregated in the first heating 
step are bound to be changed into a linear aggregate, and the 
aggregate is dissolved in the aqueous Solution, resulting in 
an increase in Solubility of the lysozyme in the aqueous 
Solution. 
0081. The second heating step may be performed after 
the first heating step without any interruption. That is, the 
second heating step may be performed Successively after the 
first heating step. 
I0082. Third Heating Step 
0083. In the third heating step, the transmittance of the 
aqueous solution for light having a wavelength of 660 nm 
can keep a value of more than 70% presumably as a result 
of the following: the three-dimensional structure of the 
lysozyme in the aqueous solution is further changed to 
further increase the surface hydrophobicity of the lysozyme 
in a state in which the water solubility of the lysozyme is 
kept. 
0084 More specifically, in the third heating step, it is 
preferred that clouding and/or precipitation not occur in the 
aqueous Solution (the transmittance (transparency) of the 
aqueous solution be kept). 
0085. In the third heating step, the heating is more 
preferably performed until the transmittance of the aqueous 
solution for light having a wavelength of 660 nm becomes 
75% or more, more preferably 80% or more (generally 
100% or less) because the three-dimensional structure of the 
lysozyme in the aqueous solution can be more reliably 
changed. 
I0086. Further, in the third heating step, the heating is 
preferably performed until the transmittance for light having 
a wavelength of 660 nm of a mixture of a product obtained 
by filtering the aqueous Solution obtained in the third heating 
step through a 0.45 um membrane filter with ethanol at a 
ratio of 1:1 in terms of mass ratio becomes 85% or more, 
more preferably 90% or more (generally 100% or less). 
0087. The fact that the transmittance for light having a 
wavelength of 660 nm of the mixture of the product obtained 
by filtering the aqueous Solution obtained in the third heating 
step through a 0.45 um membrane filter with ethanol at a 
ratio of 1:1 in terms of mass ratio becomes 85% or more may 
be used as an index of the fact that a lysozyme denatured 
product having a fluorescence intensity specified by the 
above-mentioned definition of 4,000 or more has been 
obtained. 
0088. The third heating step may be performed after the 
second heating step without any interruption. That is, the 
third heating step may be performed Successively after the 
first heating step and the second heating step. 
0089. In the third heating step, the aqueous solution 
heated in a state in which the transmittance is more than 70% 
(made transparent) can keep the transmittance (can keep 
transparency) even when returned to room temperature (e.g., 
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25° C.). This is presumably because the form (three-dimen 
sional structure) of the lysozyme or the like contained in the 
aqueous solution is kept even at room temperature. 
0090 (Heating Temperature and Heating Time) 
0091. In the method of producing a norovirus deactivator 
(production of a lysozyme denatured product) according to 
this embodiment, the heating is preferably performed so that 
the aqueous solution in each of the first heating step, the 
second heating step, and the third heating step has a product 
center temperature of 70° C. or more because high yield can 
be achieved and the aqueous Solution can be adjusted to the 
transmittance specified in each of the first heating step, the 
second heating step, and the third heating step. In addition, 
the product center temperature is more preferably 80° C. or 
more, still more preferably 90° C. or more (may be 130° C. 
or less, may be about 100° C. or less) because the production 
time can be shortened by virtue of a short heating time. The 
heating time in each of the first heating step, the second 
heating step, and the third heating step may be appropriately 
determined so as to satisfy the transmittance specified in 
each of the steps depending on the heating temperature and 
treatment amount. 

0092. When the first heating step, the second heating 
step, and the third heating step are Successively performed 
at the same heating temperature, the total of the heating 
times in the first heating step, the second heating step, and 
the third heating step is preferably as follows: when the 
product center temperature is 70° C. or more and 75° C. or 
less, 125 minutes or more and 720 minutes or less; when the 
product center temperature is more than 75° C. and 80° C. 
or less, 80 minutes or more and 435 minutes or less; when 
the product center temperature is more than 80° C. and 85° 
C. or less, 70 minutes or more and 305 minutes or less; when 
the product center temperature is more than 85°C. and 90° 
C. or less, 50 minutes or more and 240 minutes or less; when 
the product center temperature is more than 90° C. and 95° 
C. or less, 40 minutes or more and 185 minutes or less; when 
the product center temperature is more than 95°C. and 100° 
C. or less, 25 minutes or more and 120 minutes or less; and 
when the product center temperature is more than 100° C. 
10 minutes or more and 120 minutes or less. 
(0093 (Spray Drying/Freeze Drying) 
0094. The method of producing a lysozyme denatured 
product of the present invention may further include, after 
the third heating step, Subjecting the aqueous solution to 
spray drying or freeze drying to obtain the lysozyme dena 
tured product in a powder form. 
0.095 The spray drying and the freeze drying may each 
be performed in accordance with an ordinary method. 
(0096) <Norovirus Deactivating Action> 
0097. In the present invention, a norovirus deactivating 
action may be evaluated by a system using a method 
described later in Examples (that is, murine cells infected 
with norovirus). 
(0098 (Fluorescence Intensity) 
0099. In the lysozyme component of the present inven 
tion, the lysozyme component (denatured product of the 
lysozyme and/or the salt thereof (hereinafter sometimes 
referred to as “lysozyme denatured product”), more specifi 
cally, the lysozyme denatured product has a fluorescence 
intensity specified by the following definition of preferably 
4,000 or more, more preferably 5,000 or more, and generally 
10,000 or less because higher surface hydrophobicity and a 
more excellent deactivating action on norovirus are 
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obtained. In the present invention, the “room temperature' 
refers to 20° C. or more and 25° C. or less. 
0100 Fluorescence intensity: a fluorescence intensity 
measured under conditions of an excitation wavelength of 
390 nm with excitation band width: 10 nm and a fluores 
cence wavelength of 470 nm with fluorescence band width: 
10 nm for a liquid obtained by adding 25 uL of a methanol 
solution of 8 mM 1.8-anilinonaphthalenesulfonic acid to 5 
mL of a dilution obtained by diluting the lysozyme compo 
nent with a phosphate buffer (pH 7.0) so as to have a 
concentration of the lysozyme component of 0.05 mass % in 
terms of Solid content, and to have a concentration of 
phosphate of 0.2 M and then subjecting the liquid is sub 
jected to a reaction at room temperature for 30 minutes. 
0101 The fluorescence intensity of the lysozyme com 
ponent specified in the present invention is an index of the 
Surface hydrophobicity of the lysozyme component. That is, 
as the fluorescence intensity of the lysozyme component 
specified in the present invention becomes higher, the Sur 
face hydrophobicity of the lysozyme component may be said 
to be higher. In addition, as the surface hydrophobicity of the 
lysozyme component becomes higher, its deactivating effect 
on norovirus (anti-norovirus activity) tends to be more 
excellent. 

0102 The inventors of the present invention have found 
that as the Surface hydrophobicity of the lysozyme compo 
nent becomes higher, its deactivating action on norovirus 
tends to be higher. Of those, a lysozyme denatured product 
of the present invention that is a lysozyme processed product 
and/or a salt thereof has a feature of having a more excellent 
deactivating action on norovirus. In the present invention, 
the “lysozyme processed product” refers to a lysozyme 
denatured product that has a three-dimensional structure 
different from that of the lysozyme and/or the salt thereof. 
0103 Although the causes for the lysozyme processed 
product and/or the salt thereof of the present invention to 
have an excellent deactivating action on norovirus have yet 
to be elucidated, it is presumed that: first, the lysozyme 
processed product and/or the salt thereof having Surface 
hydrophobicity easily binds to the hydrophobic site of 
norovirus; secondly, the lysozyme processed product and/or 
the salt thereof is a lysozyme denatured product, the 
lysozyme processed product contains thiol groups (—SH) 
obtained by the cleavage of at least part of S-S bonds of 
lysozyme as a result of denaturation, and the thiol groups are 
bonded to S-S bonds present on the surface of norovirus: 
and thirdly, the lysozyme processed product and/or the salt 
thereof has a three-dimensional structure that easily binds to 
norovirus. 
0104 Diluting the lysozyme component with a phosphate 
buffer so as to have a concentration of the lysozyme com 
ponent of 0.05 mass % in terms of solid content, and to have 
a concentration of phosphate of 0.2 M specifically refers to, 
in the case of, for example, measuring the fluorescence 
intensity of an aqueous solution containing the lysozyme 
component at 1 mass % in terms of Solid content, putting 5 
g of the aqueous solution and 80 mL of a 0.25 Mphosphate 
buffer into a 100 mL volumetric flask, and then making an 
adjustment by adding purified water to a total volume of 100 
mL. 

0105. In the present invention, the fluorescence intensity 
of the lysozyme component is a value measured by a method 
described in Canadian Institute of Food Science and Tech 
nology 1985 Vol. 18 No. 4, p. 290-295. The phosphate buffer 
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to be used in the measurement of the fluorescence intensity 
of the lysozyme component in the present invention is one 
prepared using sodium dihydrogen phosphate and disodium 
hydrogen phosphate. In addition, the fluorescence intensity 
of the lysozyme component in the present invention is a 
value obtained by separately measuring, as a blank value, 
the fluorescence intensity of a 0.2 M phosphate buffer 
(pH7.0, containing sodium dihydrogenphosphate and diso 
dium hydrogen phosphate as phosphates), and Subtracting 
the blank value. 
0106 More specifically, the fluorescence intensity of the 
lysozyme component is a value when measured using a 
fluorescence spectrophotometer available under the model 
name FP-8500 from JASCO Corporation under the condi 
tions of an excitation wavelength of 390 nm with an exci 
tation band width of 10 nm, a fluorescence wavelength of 
470 nm with a fluorescence band width of 10 nm, a response 
of 0.5 sec, low sensitivity (about 270+10 V) (power supply 
frequency (50/60 Hz)), and using a peristaltic sipper SHP 
820 model. Measurement may be performed using any other 
fluorescence spectrophotometer (e.g., a fluorescence spec 
trophotometer available under the model name F-2000 from 
Hitachi, Ltd.). In that case, measurement conditions. Such as 
sensitivity, need to be conformed to the conditions specified 
in the present application. 
0107 (Anti-Norovirus Activity) 
0108. The lysozyme component preferably has an anti 
norovirus activity specified below of 2.0 or more. 
0109 Anti-norovirus activity: a value obtained by sub 
tracting, when a norovirus mixed liquid obtained by mixing 
equal amounts of a norovirus Solution and a 2 mass % 
aqueous Solution of the lysozyme component is left standing 
at room temperature for 1 minute, a logarithm of an infec 
tivity titer after the standing from a logarithm of an infec 
tivity titer before the standing. 
0110 (Dimer and Trimer) 
0111. The lysozyme component (the lysozyme denatured 
product, more specifically, the lysozyme processed product 
and/or the salt thereof) may contain an about 29 KDa 
(KDa=10 Da) protein and/or an about 36.5 KDa protein. 
That is, the norovirus deactivator of the present invention 
may include the about 29 KDa protein and/or the about 36.5 
KDa protein. Whether or not each of the norovirus deacti 
vator of the present invention and the lysozyme component 
includes the about 29 KDa protein and/or the about 36.5 
KDa protein may be determined by electrophoresis 
described later in Examples. The electrophoresis may be 
performed using a commercially available electrophoresis 
kit. 
0112 The about 29 KDa protein is presumed to be a 
dimer of the lysozyme denatured product, and the about 36.5 
KDa protein is presumed to be a trimer of the lysozyme 
denatured product. 
0113. The anti-norovirus activity of the norovirus deac 
tivator of the present invention is enhanced by virtue of 
including the about 29 KDa protein and/or the about 36.5 
KDa protein. 
0114 <Content of Lysozyme and/or Salt Thereof 
0115 The preferred content (in terms of solid content) of 
the lysozyme component in the norovirus deactivator of the 
present invention depends on, for example, the kind of the 
lysozyme to be used in the norovirus deactivator, and the 
dosage form and use mode of the norovirus deactivator, but 
may be set to 0.05 mass % or more, further 0.1 mass % or 
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more, particularly 0.25 mass % or more (for example, 0.05 
mass % or more and 100 mass % or less) of the norovirus 
deactivator. Herein, when the norovirus deactivator of the 
present invention includes two or more kinds of lysozyme 
components, the content of the lysozyme component (in 
terms of solid content) refers to the total content of the 
lysozyme components. 
0116 <Formulation Materiald 
0117. In the norovirus deactivator of the present inven 

tion, a formulation material that is formulated with the 
lysozyme component may be appropriately selected depend 
ing on, for example, the dosage form of the norovirus 
deactivator. For example, the following materials may be 
appropriately used in combination: water, a lower alcohol 
having 5 or less carbon atoms, such as ethanol or isopropa 
nol; a polyhydric alcohol. Such as glycerin, polyethylene 
glycol, butylene glycol, propylene glycol, dipropylene gly 
col, or Sorbitol; a bacteriostatic agent, Such as glycine, an 
organic acid, a glycerol fatty acid ester, a Sucrose fatty acid 
ester, Sodium benzoate, sodium Sorbate, Sodium propionate, 
Sodium dehydroacetate, a paraoxybenzoic acid ester, sodium 
sulfite, EDTA, benzalkonium chloride, benzethonium chlo 
ride, chlorhexidine gluconate, an alkyldiaminoethylglycine 
hydrochloride, iodine tincture, povidone iodine, benzalko 
nium cetyl phosphate, triclosan, chloroxylenol, isopropyl 
methylphenol, e-polylysine, lactoferrin, nisin, bacteriocin, 
Aralia cordata extract, Styrax japonica extract, Artemisia 
capillaris extract, enzymatically hydrolyzed coix extract, 
milt protein extract, thujaplicin, or a pectin digest. 
0118. Of those, through the use of at least one kind of 
water, a lower alcohol, and a polyhydric alcohol, in particu 
lar, through the use of an alcohol preparation containing at 
least one kind of a lower alcohol and a polyhydric alcohol, 
the norovirus deactivator can have both a sterilizing effect of 
the alcohol and a norovirus deactivating effect of the 
lysozyme component, and hence has increased usefulness as 
a disinfectant. 
0119 Further, the norovirus deactivator of the present 
invention may contain, as required, any of additives includ 
ing a pH adjuster, Such as citric acid, sodium citrate, sodium 
hydroxide, or triethanolamine, an antioxidant, Such as 
tocopheryl acetate, and a thickener, such as a carboxyvinyl 
polymer or hydroxyethyl cellulose. 
0120 <Dosage Form> 
0121 The norovirus deactivator of the present invention 
may take any of various dosage forms as required, and for 
example, may be formed into a liquid formulation, or may 
be formed into a solid formulation, such as a powder, a 
tablet, or a capsule. 
0122) When the norovirus deactivator is formed into a 
liquid formulation, its viscosity may be appropriately deter 
mined depending on a use method. For example, when the 
norovirus deactivator is formed into a liquid formulation 
having a sprayable viscosity, and the liquid formulation is 
filled into a spray container, e.g., a trigger sprayer, a squeez 
able container, or an aerosol container, deactivation of 
norovirus can be easily performed by spraying droplets 
containing the norovirus deactivator onto a finger, food, 
cooking equipment, a housing environment, vomit, excre 
ment, or the like. In addition, deactivation of norovirus can 
also be easily performed by immersing a target of deacti 
Vation (e.g., a finger, food, a medical device, a medical 
instrument, cooking equipment, or a housing environment) 
in the liquid formulation containing the norovirus deactiva 
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tor. In addition, the liquid formulation containing the noro 
virus deactivator may be used in the form of a sheet wetted 
therewith. Further, the norovirus deactivator may be used as 
a skin external preparation by being formed into a lotion, a 
cream, or the like, and thus may be used as an infection 
prophylactic agent for preventing oral infection with noro 
virus through deactivation on the spot in case of attachment 
of norovirus on a finger. 
(0123. Meanwhile, when the norovirus deactivator is 
formed into a solid formulation, for example, the norovirus 
deactivator may be used as an infection prophylactic agent 
for preventing infection through deactivation of norovirus in 
case of its entry into the mouth by being orally taken in 
advance, and even when an infectious disease due to noro 
virus is developed, the norovirus deactivator may be used as 
atherapeutic agent for deactivating norovirus in the body. As 
a method of taking the norovirus deactivator of the present 
invention, there are given, for example, oral intake, a 
Suppository, a drip, and intravenous injection. 
0.124 <Method of Deactivating Norovirus.> 
0.125. The present invention encompasses a method of 
deactivating norovirus through use of a lysozyme compo 
nent in various environments and situations. Such as houses, 
food factories, public facilities, and hospitals. It should be 
noted that the case where the deactivation of norovirus is 
performed as a medical act may be excluded. 
0.126 Hitherto, lysozyme has been used as a food addi 
tive, and salts of the lysozyme have also been used as 
antimicrobial agents. In particular, lysozyme chloride has 
been widely used as an antiphlogistic, and its safety has been 
established. Therefore, a method of using the lysozyme or 
the salt thereof, or the denatured product thereof is not 
particularly limited as long as the specificity of the active 
ingredient of the present invention in deactivating norovirus 
is not impaired. 
I0127. That is, depending on the dosage form of the 
norovirus deactivator described above, there may be adopted 
a method involving, for example, spraying or applying the 
norovirus deactivator onto a target region in which norovirus 
is to be deactivated, mixing the norovirus deactivator with a 
target in which norovirus is to be deactivated, or allowing 
the target to take the norovirus deactivator. 
I0128 <Method of Producing Norovirus Deactivatord 
I0129. The present invention encompasses a method of 
producing a norovirus deactivator by incorporating a 
lysozyme component as an active ingredient for deactivating 
norovirus into any of various Solid or liquid carriers. The 
present invention particularly encompasses a method of 
producing a norovirus deactivator by mixing a lysozyme 
component with a liquid containing at least one kind of a 
lower alcohol and a polyhydric alcohol, especially a method 
of producing a norovirusde activator by mixing a lysozyme 
component with an alcohol preparation. In this case, a target 
into which the lysozyme component is incorporated is not 
particularly limited as long as the specificity of the active 
ingredient of the present invention in deactivating norovirus 
is not impaired, and for example, the lysozyme component 
and the above-mentioned formulation material may be 
mixed and prepared into a desired dosage form. 
0.130 <Action and Effect> 
I0131 The lysozyme component to be used as an active 
ingredient in the norovirus deactivator of the present inven 
tion has an excellent deactivating action on norovirus as 
compared to each of a persimmon tannin extract (persimmon 
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tannin) and proanthocyanidin contained in grape seeds or the 
like, which have hitherto been known as active ingredients 
of norovirus deactivators. In particular, the thermally dena 
tured product can deactivate norovirus within an extremely 
short action time of 1 minute or less. In addition, hitherto, 
lysozyme has been used as a food additive for improving the 
shelf life of food, and lysozyme chloride has been used as an 
antiphlogistic. Accordingly, the norovirus deactivator of the 
present invention can be safely used. Further, the persimmon 
tannin extract (persimmon tannin) and proanthocyanidin 
contained in grape seeds or the like are both polyphenol 
based and dye-based substances, and have a problem of for 
example, coloring tableware or equipment when sprayed. 
However, the norovirus deactivator of the present invention 
has a white color and does not color tableware or equipment, 
and hence can be widely used. 

EXAMPLES 

0.132. Now, the present invention is specifically described 
by way of test examples. 

Test Example 1 

1 Preparation of Lysozyme Solution 

0.133 Norovirus deactivators were each prepared by dis 
Solving egg white (chicken egg white) lysozyme (manufac 
tured by Kewpie Corporation) in distilled water to have a 
predetermined concentration, and then subjecting the solu 
tion to heat treatment under conditions shown in Table 1, 
followed by air cooling (Test Nos. 2 to 14). In addition, 
similar egg white lysozyme (unheated lysozyme) was dis 
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solved in water, and the solution was subjected to filter 
sterilization to prepare a lysozyme solution having a con 
centration of 10 mass % (Test No. 1). The result of mea 
surement of the norovirus activity of each solution is shown 
in Table 1. 
I0134. The transmittance of the reaction liquid (aqueous 
solution) in each Test No. for light having a wavelength of 
660 nm was measured with an absorptiometer (model name: 
“UV-2450, manufactured by Shimadzu Corporation). 
I0135) In each of Test Nos. 8, 9, 11, 13, and 14, changes 
in transmittance of the reaction liquid described above as the 
first heating step, the second heating step, and the third 
heating step were found. In this test example, the first 
heating step, the second heating step, and the third heating 
step were Successively performed, and the heating time in 
Table 1 is the total of the heating times in the first, second, 
and third heating steps. 
0.136 More specifically, in the heating steps during the 
preparation of each of the lysozyme denatured products of 
Test Nos. 8, 9, 11, 13, and 14, it was found that: the 
transmittance of the reaction liquid for light having a wave 
length 660 nm, which was more than 70% (from 99% to 
100%) before the first heating step, was decreased to 70% 
through the first heating step; then, through the second 
heating step, the transmittance was further decreased and the 
transmittance of the reaction liquid in the second heating 
step reached a minimum of less than 70% (from 20% to 
30%), followed by an increase in the transmittance again to 
70%; and then, through the Subsequent third heating step, 
the transmittance was further increased, and finally, the 
transmittance of the reaction liquid after the completion of 
the third heating step was more than 70%. 
TABLE 1. 

Preparation conditions 

Heating 
Test Kind of lysozyme 
No. component time 

1 Unheated lysozyme 

2 Lysozyme denatured 60° C. x 10 min 
product 

3 Lysozyme denatured 
product 

4 Lysozyme denatured 
product 

5 Lysozyme denatured 
product 

80° C. x 10 min 

80° C. x 30 min 

80° C. x 30 min 

6 Lysozyme denatured 80° C. x 30 min 
product 

7 Lysozyme denatured 80° C. x 60 min 
product 

8 Lysozyme denatured 
product 

9 Lysozyme denatured 
product 

10 Lysozyme denatured 
product 

11 Lysozyme denatured 
product 

80° C. x 90 min 

80° C. x 180 min 

90° C. x 30 min 

90° C. x 60 min 

temperature x heating 

Lysozyme Infectivity titer of norovirus 

concentration 1 minute 
in aqueous O minutes from from 60 minutes 
Solution start of start of from start Fluorescence 
mass % contact contact of contact intensity 

10 Comparable 280 or less 
effect to that 
of Test No. 2 

2 3.3 x 107 1.9 x 10? 280 or less 

2 1.9 x 10 2.7 x 10 280 or less 

2 1.9 x 10 1.0 x 10' 28O 

O.2 Slightly 280 or less 
stronger 

effect than 
that of Test 

No. 2 
O.1 Comparable 280 or less 

effect to that 
of Test No. 2 

2 4.6 x 10 3.7 x 103 3,600 

2 4.6 x 10 1.6 x 10 5,400 

2 4.6 x 10 1.1 x 10? 5,700 

2 4.6 x 10 2.1 x 10 2,000 

2 4.6 x 10 10 or 5,600 
less 
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TABLE 1-continued 

Preparation conditions 
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Lysozyme Infectivity titer of norovirus 

concentration 1 minute 
Heating in aqueous O minutes from from 60 minutes 

Test Kind of lysozyme temperature x heating solution start of start of from start Fluorescence 
No. component time mass % contact contact of contact intensity 

12 Lysozyme denatured 100° C. x 10 min 2 4.6 x 10 9.8 x 10 Less than 4,000 
product 

13 Lysozyme denatured 100° C. x 40 min 2 4.6 x 10 10 or 6,400 
product less 

14 Lysozyme denatured 121° C. x 15 min 2 4.6 x 10 6.5 x 10 4,000 or more 
product 

2 Evaluation of Infectivity Titer 
0137 The infectivity titer of each Test No. was evaluated 
by a plaque assay method as described below. 
0138 (1) In a 6-well plate, murine macrophage estab 
lished cells (RAW264.7 cells) were cultured to 60% to 80% 
confluence. 

0139 (2) Meanwhile, a virus solution of norovirus hav 
ing an infectivity titer (PFU/mL) of from about 10 PFU/mL 
to about 107 PFU/mL was prepared as described below. 
0140 First, murine macrophage established cells 
(RAW264.7 cells) were cultured to confluence, and the 
confluent cells were inoculated with 1 mL of a norovirus 
solution, followed by culture for 2 days under the conditions 
of 37° C. and 5% CO. In this case, Murine norovirus strain 
1 (MNV-1) (Effect of Food Residues on Norovirus Survival 
on Stainless Steel Surfaces) was used as the norovirus 
Solution. 
0141. After the culture, detachment of the cells was 
confirmed by visual observation, and the cells were dis 
rupted by repeating freezing and thawing four times to 
release the virus in the cells. After that, the resultant was 
dispensed into a 50 mL centrifuge tube and centrifuged 
(8,000 g, 20 minutes) to afford a norovirus solution having 
an infectivity titer (PFU/mL) of from about 10 PFU/mL to 
about 107 PFU/mL. The norovirus solution was preserved at 
-80° C. and thawed before use. 

0142 (3) Equal amounts of the norovirus solution 
obtained in (2) were added to the lysozyme solutions of Test 
Nos. 1 to 14, and the mixtures were used as samples for 
evaluation of Test Nos. 1 to 14. 

0143. Each sample for evaluation was left to stand at 
room temperature for a predetermined reaction time (O 
minutes, 1 minute, or 60 minutes) to allow the lysozyme and 
the norovirus in each sample for evaluation to react with 
each other. 

0144. After the reaction, each sample for evaluation was 
diluted by a factor of 10 to afford a diluted sample. Here, X 
represents an integer, and is set to such a number that the 
number of plaques may be counted by visual observation in 
(8) below. That is, the dilution factor was adjusted so that the 
number of plaques was from about 10 to about 100 in (8). 
0145 (4) The whole amount of the culture solution in the 
plate of (1) was discarded, and each diluted Sample obtained 
by the dilution after the standing for the predetermined 
period of time was inoculated into two wells at 500 uL/well. 
0146 (5) While shaking was performed so as to prevent 
the murine macrophage established cells (RAW264.7 cells) 

from being dried, incubation was performed at room tem 
perature for 1 hour to infect the murine macrophage estab 
lished cells with norovirus. 

0147 (6) The whole amount of 500 uL/well of the 
inoculation solution on the plate was removed, and 1.5% Sea 
Plaque Agarose-DMEM (37°C.) was overlaid at 2 ml/well. 
After its solidification, culture was performed under the 
conditions of 37° C. and 5% CO, for 2 days. 
0148 (7) The plate after the culture for 2 days was 
overlaid with a 0.03% neutral red solution serving as a stain 
at 2 mL/well, followed by incubation under the conditions of 
37° C. and 5% CO, for 1 hour. 
0149 (8) After the incubation of (7), the whole amount of 
the 0.03% neutral red solution was discarded, and the 
number of plaques was counted by visual observation. An 
infectivity titer (PFU/mL) was calculated from the resultant 
number of plaques and the dilution factor. 
0150 (9) In addition, on the basis of the results shown in 
Table 1, the anti-norovirus activity of each of Test Nos. 3 to 
14 was calculated from the following equation. It was found 
from the results that in each of the cases of Test Nos. 8, 9, 
11, 13, and 14 having a fluorescence intensity of 4,000 or 
more, the anti-norovirus activity specified by the following 
equation was 2 or more. 

Anti-norovirus activity=Logo (infectivity tilter of 
norovirus mixed liquid before standing for 1 
minute)-Logo (infectivity titer of norovirus 
mixed liquid after standing for 1 minute) 

0151. It was found from the results that each of the 
lysozyme denatured products of Test Nos. 8, 9, 11, 13, and 
14 was able to decrease the infectivity titer of norovirus to 
1/10th or less through contact with norovirus, and thus had 
a norovirus deactivating effect. 
0152. In addition, the lysozyme denatured product (Test 
No. 6) and the unheated lysozyme (Test No. 1) each exhib 
ited a comparable deactivating effect on norovirus to that of 
the lysozyme denatured product of Test No. 2, and the 
lysozyme denatured product (Test No. 5) exhibited a slightly 
stronger deactivating effect on norovirus than that of the 
lysozyme denatured product of Test No. 2. 

Test Example 2 
0153. Lysozyme denatured products having fluorescence 
intensities shown in Table 2 were obtained by changing, in 
Test Example 1, the heating time and heating temperature of 
lysozyme and the concentration of the lysozyme aqueous 
Solution. 
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TABLE 2 

Preparation conditions 

Lysozyme 
concentration 

Kind of Heating in aqueous 
Test ysozyme temperature x Solution Fluorescence 
No. component heating time mass % intensity 

15 Lysozyme 80° C. x 180 min 5 5,500 
denatured 
product 

16 Lysozyme 87° C. x 180 min 4 7,500 
denatured 
product 

17 Lysozyme 90° C. x 60 min 5 6,400 
denatured 
product 

18 Lysozyme 95°C. x 180 min 2 5,000 
denatured 
product 

19 Lysozyme 95°C. x 180 min 7 6,000 
denatured 
product 

Test Example 3 
0154) In this test example, electrophoresis was performed 
for a lysozyme denatured product. In this test example, a 
lysozyme denatured product was prepared by changing the 
heating conditions (heating temperature, heating time, and 
concentration of egg white lysozyme) in Test Example 1. 
0155 More specifically, a 2 mass % aqueous solution of 
egg white lysozyme was collected at a heating temperature 
of 80° C. at heating time points of 0 minutes, 15 minutes, 30 
minutes, 60 minutes, 90 minutes, and 120 minutes, and 950 
uL of a sample buffer was added to 50 uL of the aqueous 
solution. The mixture was heated at 100° C. for 10 minutes 
and then cooled with ice, and 10 uL of the resultant (10 ug 
in terms of the lysozyme denatured product) was charged to 
an electrophoresis gel. The sample buffer used had added 
thereto no 2-mercaptoethanol (non-reduced). The electro 
phoresis gel used was SDS-PAGE mini (manufactured by 
TEFCO, gel concentration: from 4% to 10%, gel thickness: 
1 mm), and electrophoresis was performed at a constant 
current of 20 mA. Coomassie Blue R250 was used as a stain. 
0156 FIG. 2 is a photograph for showing the results of 
the electrophoresis. As shown in FIG. 2, at the heating time 
points of 60 minutes, 90 minutes, and 120 minutes, bands 
indicating an about 29 KDa protein (presumed to be a dimer) 
and/or an about 36.5 KDa protein (presumed to be a trimer) 
were clearly detected. In addition, it was found that as the 
heating time became longer, the bands indicating those 
proteins became more intense (the amounts of the proteins 
generated increased). In addition, at the same heating tem 
perature, it is presumed that as the heating time becomes 
longer, the Surface hydrophobicities of the proteins increase 
to provide proteins having higher norovirus deactivating 
actions. 

Test Example 4 

0157. In this test example, contact between norovirus and 
a lysozyme component was photographed using an electron 
microscope. 
0158 Norovirus: The norovirus used was MNV-1 (pro 
vided by Dr. Herbert W. Virgin at Washington University). 
In addition, a norovirus Solution having removed therefrom 
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a medium component was prepared. A method for the 
preparation of the norovirus solution is as described below. 
0159 Test sample: Lysozyme denatured products 
obtained by heating each 2 mass % aqueous solution of egg 
white lysozyme at 80° C. for 180 minutes (Test No. 9) were 
used. A thermostatic water bath was used for the heating. 
0160 A period of time of contact between the norovirus 
and the lysozyme denatured product was set to each of 1 
minute and 1 hour. 
(0161 Test Method (Native Staining Method): 
0162. 1) The test sample was dropped onto Parafilm to be 
brought into contact on a carbon Support film for 2 minutes. 
0163. 2) The test sample obtained in 1) was brought into 
contact on 2 mass % uranium acetate for 2 minutes. 
0164. 3) An unnecessary liquid on the test sample 
obtained in 2) was absorbed with filter paper, and the test 
sample was dried. 
0.165 4) An electron microscope photograph was taken 
with an electron microscope (JEOL, JEM1200EX) at 80 kV. 

DISCUSSION 

0166 In the literature, the size (diameter) of norovirus is 
said to be from 30 nm to 40 nm. In FIG.3(a), FIG. 4(a), and 
FIG. 4(b), “NV represents norovirus, and encircled por 
tions correspond to norovirus. 
0.167 As shown in FIG. 3(a), in this test example, a 
spherical object having a diameter of from 30 nm to 40 nm, 
which was nearly the same size as the size of norovirus 
described in the literature, was able to be observed. Judging 
from the size, it is presumed that the spherical object is 
norovirus. 
0.168. In addition, as shown in FIG. 3(b), non-spherical 
and irregular objects were able to be observed. Lysozyme 
(unheated) is known to be a particle having a size (diameter) 
of from 3 nm to 4 nm. From this fact, it is presumed that 
those objects are lysozyme that has been denatured by 
heating to be changed in shape. 
0169. As shown in FIG.3(c), at the time point of 1 minute 
from the start of contact with norovirus, a spherical body 
that was presumably swollen norovirus was observed. 
0170 In addition, as shown in FIG. 4(a), also at the time 
point of 1 hour from the start of contact with norovirus, the 
spherical body that was presumably Swollen norovirus, 
which was observed at the timepoint of 1 minute from the 
start of contact with norovirus (FIG. 3(c)), was observed. In 
addition, at this time point, as compared to the time point of 
1 minute from the start of contact with norovirus, general 
reductions in norovirus counts were observed. This agrees 
with the reduction in viable norovirus count to 1/1,000th or 
less due to the lysozyme denatured product obtained by 
heating at 80° C. for 180 minutes described above. 
0171 Meanwhile, as shown in FIG. 4(b), at the time point 
of 1 minute from the start of contact between norovirus and 
lysozyme (unheated), no change in norovirus was observed. 
0.172. In addition, the diameter of norovirus in the case of 
contact with a solution of lysozyme (or the lysozyme 
denatured product) was as described below. 

Norovirus: 35.5-1.70 nm 

(0173 Unheated lysozyme: 37.3+1.77 mm 
Lysozyme denatured product (heating of 80° C.x180 min 
utes: 49.1+2.12 nm) 
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0.174. It was found from this test example that norovirus 
was Swollen through contact with the lysozyme denatured 
product. Thus, it is presumed that norovirus is deactivated as 
a result of the swelling of norovirus through contact with the 
lysozyme denatured product. 

Test Example 5 

0.175. In this test example, the effect of a lysozyme 
denatured product on human norovirus was investigated 
using a real-time PCR method. A human norovirus solution 
used in this test was prepared as follows: a human norovirus 
undiluted solution, which had been collected from an excre 
tion of a patient and cryopreserved at -80° C., was thawed 
on ice and diluted with phosphorus-buffered physiological 
saline by a factor of 10, followed by centrifugation at 10,000 
rpm for 20 minutes and removal of a precipitate. 
(0176 Test Method (Real-Time PCR Method): 
0177. The human norovirus solution was mixed with an 
equal amount of the lysozyme solution of Test No. 13 or 
distilled water, and the mixture was left standing for 1 hour. 
Then, a human norovirus gene amount was measured by a 
real-time PCR method involving using a Takara qPCR 
Norovirus (GI/GII) Typing kit. 
0178 As a result, it was found that the human norovirus 
gene amount remaining in the mixed liquid with the 
lysozyme solution of Test No. 13 (right side of FIG. 5) was 
Smaller than the human norovirus gene amount remaining in 
the mixed liquid with distilled water (left side of FIG. 5) by 
1.5 logo particles/mL. This suggested that the lysozyme 
denatured product killed human norovirus (FIG. 5). 

Formulation Example 1 

0179 A soft capsule containing the following formula 
tion was prepared using the lysozyme denatured product 
(Test No. 9) of Test Example 1. 
0180 <Proportion of Formulation> 

Lysozyme denatured product (Test No. 9) 20% 
Olive oil SO% 
Beeswax 10% 
Medium chain fatty acid triglyceride 10% 
Emulsifier 10% 

Total 100% 

Formulation Example 2 

0181 A powder (granule) containing the following for 
mulation was prepared using the lysozyme denatured prod 
uct (Test No. 11) of Test Example 1. 
0182 <Proportion of Formulation> 

Lysozyme denatured product (Test No. 11) 10% 
Lactose 60% 
Corn starch 25% 
Hypromellose 59 

Total 100% 
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Formulation Example 3 
0183. A tablet containing the following formulation was 
prepared using the lysozyme denatured product (Test No. 
13) of Test Example 1. 
0184) <Proportion of Formulation> 

Lysozyme denatured product (Test No. 13) 25% 
Lactose 24% 
Crystalline cellulose 20% 
Corn starch 15% 
Dextrin 10% 
Emulsifier 59 
Silicon dioxide 196 

Total 100% 

INDUSTRIAL APPLICABILITY 

0185. The present invention is effective in various situ 
ations of deactivating norovirus, and is useful as, for 
example, a disinfectant for disinfecting fingers, the body, 
medical instruments, facilities including Schools, hospitals, 
and welfare facilities, factories, houses, and the like, a food 
additive, an agent for removing norovirus, or an infection 
prophylactic or therapeutic agent. 
0186 Embodiments according to the present invention 
have been described above. The present invention encom 
passes Substantially the same configurations as the configu 
rations described in the embodiments (e.g., configurations 
having the same functions, methods, and results, or configu 
rations having the same objects and results). In addition, the 
present invention encompasses configurations obtained by 
replacing non-essential parts of the configurations described 
in the embodiments. In addition, the present invention 
encompasses configurations exhibiting the same action and 
effect or configurations capable of achieving the same 
objects as those of the configurations described in the 
embodiments. In addition, the present invention encom 
passes configurations obtained by adding known technolo 
gies to the configurations described in the embodiments. 

1. A norovirus deactivator, comprising a lysozyme com 
ponent that comprises at least one kind selected from 
lysozyme and/or a salt thereof, and a denatured product 
thereof. 

2. The norovirus deactivator according to claim 1, 
wherein a content of the lysozyme component is 0.05 mass 
% or more. 

3. The norovirus deactivator according to claim 1, 
wherein the lysozyme component has a fluorescence inten 
sity specified by the following definition of 4,000 or more: 

Fluorescence intensity: a fluorescence intensity measured 
under conditions of an excitation wavelength of 390 nm 
with an excitation band width of 10 nm, a fluorescence 
wavelength of 470 nm with a fluorescence band width 
of 10 nm for a liquid obtained by adding 25 uL of a 
methanol solution of 8 mM 1.8-anilinonaphthalenesul 
fonic acid to 5 mL of a dilution obtained by diluting the 
lysozyme component with a phosphate buffer having a 
pH of 7.0 so as to have a concentration of the lysozyme 
component of 0.05 mass % in terms of solid content, 
and to have a concentration of phosphate of 0.2 M and 
then Subjecting the liquid is Subjected to a reaction at 
room temperature for 30 minutes. 
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4. The norovirus deactivator according to claim 1, 
wherein the lysozyme component has an anti-norovirus 
activity specified below of 2.0 or more: 

Anti-norovirus activity: a value obtained by Subtracting, 
when a norovirus mixed liquid obtained by mixing 
equal amounts of a norovirus Solution and a 2 mass % 
aqueous Solution of the lysozyme component is left 
standing at room temperature for 1 minute, a logarithm 
of an infectivity titer after the standing from a loga 
rithm of an infectivity titer before the standing. 

5. The norovirus deactivator according to claim 1, 
wherein the norovirus deactivator comprises a liquid for 
mulation. 

6. A method of deactivating norovirus, the method com 
prising deactivating norovirus using a lysozyme component 
that comprises at least one kind selected from lysozyme 
and/or a salt thereof, and a denatured product thereof. 

7. A method of producing a lysozyme component for 
norovirus deactivation use to be incorporated into the noro 
virus deactivator of claim 1, the method comprising ther 
mally denaturing lysozyme and/or a salt thereof. 

8. A method of producing a norovirus deactivator, the 
method comprising incorporating a lysozyme component 
that comprises at least one kind selected from lysozyme 
and/or a salt thereof, and a denatured product thereof. 

9. The method of producing a norovirus deactivator 
according to claim 8, further comprising: thermally dena 
turing the lysozyme and/or the salt thereof to obtain a 
thermally denatured product; and obtaining a norovirus 
deactivator containing the thermally denatured product. 

10. The method of producing a norovirus deactivator 
according to claim 9, wherein the obtaining the thermally 
denatured product comprises: 

a first heating step of heating an aqueous solution of the 
lysozyme and/or the salt thereofhaving a transmittance 
for light having a wavelength of 660 nm of more than 
70%, a pH of 5.0 or more and 7.0 or less, and a 
concentration of the lysozyme and/or the salt thereof of 
0.5 mass % or more and 7 mass % or less in terms of 
Solid content, until the transmittance of the aqueous 
solution for light having a wavelength of 660 nm 
becomes 70%: 

after the first heating step, a second heating step of heating 
the aqueous solution until the transmittance of the 
aqueous Solution for light having a wavelength of 660 
nm reaches a minimum of less than 70%, followed by 
heating of the aqueous Solution until the transmittance 
becomes 70%; and 

after the second heating step, a third heating step of 
further heating the aqueous solution in a state in which 
the transmittance of the aqueous solution for light 
having a wavelength of 660 nm is more than 70%. 

11. The method of producing a norovirus deactivator 
according to claim 10, wherein heating conditions of the 
third heating step comprise Such conditions that the heating 
is performed until a transmittance for light having a wave 
length of 660 nm of a mixture of a product obtained by 
filtering the aqueous Solution obtained in the third heating 
step through a 0.45 um membrane filter with ethanol at a 
ratio of 1:1 in terms of mass ratio becomes 85% or more. 
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12. The method of producing a norovirus deactivator 
according to claim 10, further comprising, after the third 
heating step, Subjecting the aqueous solution to spray drying 
or freeze drying to obtain the denatured product in a powder 
form. 

13. A prophylactic agent or therapeutic agent for norovi 
rus infection, comprising a lysozyme component that com 
prises at least one kind selected from lysozyme and/or a salt 
thereof, and a denatured product thereof. 

14. An external preparation for skin for norovirus deac 
tivation purposes, comprising a lysozyme component that 
comprises at least one kind selected from lysozyme and/or 
a salt thereof, and a denatured product thereof. 

15. A lysozyme component for norovirus deactivation 
use, comprising at least one kind selected from lysozyme 
and/or a salt thereof, and a denatured product thereof. 

16. A prophylactic agent or therapeutic agent for acute 
viral gastroenteritis, comprising a lysozyme component that 
comprises at least one kind selected from lysozyme and/or 
a salt thereof, and a denatured product thereof. 

17. A method for preventing or treating acute viral gas 
troenteritis, comprising taking a lysozyme component that 
comprises at least one kind selected from lysozyme and/or 
a salt thereof, and a denatured product thereof 

18. The norovirus deactivator according to claim 2, 
wherein the lysozyme component has a fluorescence inten 
sity specified by the following definition of 4,000 or more: 

Fluorescence intensity: a fluorescence intensity measured 
under conditions of an excitation wavelength of 390 nm 
with an excitation band width of 10 nm, a fluorescence 
wavelength of 470 nm with a fluorescence band width 
of 10 nm for a liquid obtained by adding 25 uL of a 
methanol solution of 8 mM 1.8-anilinonaphthalenesul 
fonic acid to 5 mL of a dilution obtained by diluting the 
lysozyme component with a phosphate buffer having a 
pH of 7.0 so as to have a concentration of the lysozyme 
component of 0.05 mass % in terms of solid content, 
and to have a concentration of phosphate of 0.2 M and 
then Subjecting the liquid is Subjected to a reaction at 
room temperature for 30 minutes. 

19. The norovirus deactivator according to claim 2, 
wherein the lysozyme component has an anti-norovirus 
activity specified below of 2.0 or more: 

Anti-norovirus activity: a value obtained by Subtracting, 
when a norovirus mixed liquid obtained by mixing 
equal amounts of a norovirus Solution and a 2 mass % 
aqueous solution of the lysozyme component is left 
standing at room temperature for 1 minute, a logarithm 
of an infectivity titer after the standing from a loga 
rithm of an infectivity titer before the standing. 

20. The norovirus deactivator according to claim 3, 
wherein the lysozyme component has an anti-norovirus 
activity specified below of 2.0 or more: 

Anti-norovirus activity: a value obtained by Subtracting, 
when a norovirus mixed liquid obtained by mixing 
equal amounts of a norovirus Solution and a 2 mass % 
aqueous solution of the lysozyme component is left 
standing at room temperature for 1 minute, a logarithm 
of an infectivity titer after the standing from a loga 
rithm of an infectivity titer before the standing. 
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