-1- SPECIFICATION QUANTITATION METHOD OF VIRUS TECHNICAL
FIELD [0001] The present invention relates to a method of quantitatively
determining the number of human herpesvirus (HHV) collected from a
body fluid and a kit for performing the method. BACKGROUND ART
[0002] Accumulation of "fatigue" causes many serious problems such as
death from overwork, suicide, and lifes yTe related diseases. However,
scientific and medical studies on "fatigue” are S|gn|f|cantly retarded as
compared to medical studies in%pﬁgrg 1Ay not even a partial

solution has been pr gi I’:‘:?H%ﬂﬁl \gHigpe" in the health
o, [0

of individuals and somety asa wh 0003] A mam reason for the delay

in studies on "fatigue" and development of prevention and treatment

thereof is that a method for objectively measuring "fatigue” has not been
TEGHNYsEd. MEdricular, a method for measuring "accumulation of fatigue”
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application has developed a method for méasuring accumulation of
B ARy NIBté&R1ining the amount of a human herpesvirus, which is
reactivated, and released into saliva (W02006/006634). Previous studies
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in the salivary gland is high (Green, M., et al., J. Clin. Pathol., (1992)

notzavw)amﬁmemltm%@ﬂmenmwmmfmmme‘ms qumemtayvégtlgue in the health
determining viruses are, for example, determination of an amount of viral

of IR Rl el SRRIBLY S W18 Med. Virol., (1990) 32: 139-142) or by
oo A e e Bl oy 3R afteob it fentof prevention

andietatménatianecof & netoyimishydicior dbjectively measuring “fatigue” has not been
proposed. In particular, a method for measuring "accumulation of fatigue™ or "medium- and
long-term continuous fatigue,” which most severely affects life and health, has not been
established, and there is a high demand for such a method.

[0004] One of the inventors of the present application has developed a method for
measuring accumulation of fatigue by determining the amount of a human herpesvirus, which
is reactivated, and released into saliva (W0O2006/006634). Previous studies have revealed
that fatigue accumulated by various types of stresses for a term of one week or more can be
quantitatively determined by this method. Furthermore, in this method, saliva is preferably
used as a sample. Regarding saliva, it is known that a content of endogenous biotin in the
salivary gland is high (Green, M., et al., J. Clin. Pathol., (1992) 45(9): 788-790).

[0005] Conventional methods for quantitatively determining viruses are, for example,
determination of an amount of viral DNA by PCR (Kido, S., et al., J. Med. Virol., (1990) 32:
139-142) or by double-nested PCR (Kondo, K., et al., J. Infect. Dis., (1993) 167: 1197-1200).

In addition, there is disclosed a method of quantitative determination of a retrovirus, which



utilizes a retrovirus having viral nucleic acid containing a marker sequence
as an internal standard when the amount of the viral DNA is measured by
guantitative PCR (W095/034684). [0006] Furthermore, a known method
for measuring an amount of viral protein involves, for example,
immunoassay using an antibody agair!sé the viral protein. A typical
example of the immunoassay is sandwich ELISA (Gerna, G., et al., J.
. Clin. Microhiol., (1983) 17: 94(;-_944?. OOOZhMeanwh'le, a known method
utiliges 2iGHGUTUS Re¥MPAGH BRI AS QB SHAARR kﬁ{eﬁf‘é‘b&‘?nce as an internal
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this method requires use of expensive equipment’a ong time for
(Wes#0ates4and thus requires a large amount of work for carrying out the

method. In addition, a method of concentrating a virus is known where
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Unfortunately, such a method has a disadvant in that since the
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precipitation of the virus. Another method disclosed for concentrating a
944)irus is, for example, use of magnetic particles to which a
mannose-binding lectin is immobilized (Japanese Patent Public
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W02006/006634 Patent Document 2: International Publication No.
a large apiogatgMPskeior Cascyingot3hdapethede Hateadipahlcrituidnfreoneentrating
2002-165591 Patent Document 4: International Publication No.
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G., etal., J. Clin. Microbiol., (1983) 17: 942-944 -3-
necessary after precipitation of the virus.  Another method disclosed for concentrating a
virus is, for example, use of magnetic particles to which a mannose-binding lectin is
immobilized (Japanese Patent Public Disclosure No. 2002-165591). In addition, disclosed
is a method using streptavidin and a biotinylated lectin that enhances the retroviral titer or
isolates a retrovirus from a sample (W0O2001/079456).
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DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY

THE INVENTION [0009] The inventors have measured amounts of human

herpesviruses (hereinafter, abbreviated as HHVS) in body fluids by a

known method in order to quantitatively evaluate degrees of fatigue in

daily life. In this regard, the inventors h%v_e found that the numbers of the

HHVs in the samples were very low in some cases, that is, the number of
man herpesvirus 6 (HHV-6) was less than 100 copies/mL and the

Dl%hqu'rr%%p QAR RROYEN (HHV-7) was also less than 100
PRERLENETGIEBRBIRATIERIVENTIBKRY through measurement

In many cases and thereby technical training was necessary to ensure
[0Cacturake ianehefficiant auestitat wendeatesofiatioan hevpasvinesefgherdiffiftdt,

to determine quantitatively a large number of samples readily by preparing
abhyendtaferl asdribvs)ritekesy HhigsByim&nowy estbpshininirantegpantitatively evaluate
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intensive studies and, as a result, they have found that a sample, which
herpesuptis €4 ld NWu6) invas dessdbatraocdprstah aaddily henmbheasiinachiy lerpesvirus 7

method such as PCR, LAMP, or ELISA, can be prepared by mixing a bod)é
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coliecting the cafrier Yy means of magnetic Torce or centrifugal treatment

and @eddibmuithatRen® derimigaiers haveauseesdrddimigyidngtasainate
quantitative determination by adding a certain amount of virus serving as

quanttaincych tiarges annpiderinfteamplasrsadifthy qrepatitagiak ddosraknaviomaatiood of
conducting a series of steps. This method ensures simple and further
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present Invention prov S a nove etermination
MERAISEORISasWeNG kY PREBENfUID simply and accurately, and

provides a kit for performing the method of the present invention. That is,
[0010] The inventors have conducted intensive studies and, as a result, they have found that
a sample, which comprises a virus in a concentration that can readily be measured by a
method such as PCR, LAMP, or ELISA, can be prepared by mixing a body fluid with a
carrier immobilized with a substance capable of binding to an HHV, thereby making the
target virus bind to the substance, and collecting the carrier by means of magnetic force or
centrifugal treatment.
[0011] Furthermore, the inventors have succeeded in providing accurate quantitative
determination by adding a certain amount of virus serving as a standard to a sample in the
course of the quantitative determination and conducting a series of steps.  This method
ensures simple and further accurate quantitative determination by using a mutated HHV as
the standard virus.
[0012] Based on the above-mentioned findings, the present invention provides a novel

method of quantitative determination that can measure an HHV in a body fluid simply and

accurately, and provides a kit for performing the method of the present invention. That is,



the present invention relates to the following aspects. [0013] Embodiment
1: A method of quantitatively determining a number of human herpesvirus
collected from a body fluid, the method including the steps of: (1) adding a
standard virus to the collected body fluid, the concentration of the
standard virus being determined in advance; (2) bringing the solution
prepared in step (1) into contact with a virus-binding substance, wherein

1) the virus- blndln(i substfﬂ? |f linked to a molecule capable of binding
thet rese eI (€ Rm G118 WO EREEFthrough the molecule and
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herpfemi?bd@@ldietmed frarrier oy fhets byemakiesdthe Nidisgastiekes bbund to
the virus-binding substance bind to the carrier; (3) separating the carrier

(Dﬁdﬂﬁ%é sandast \Hrepiaderiacdtegied pody Buidntnawesrseasadioniafibera@ndard virus

b er of the wrgs recovered from the separated carrier; and (5)
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and determining the number of the human herpesvirus collected from the
whbedy (iluidebdsedbdmdihg substheceat thekid osannhalqoety tapsmbde tdrbaniédito a carrier
step (4) and the recovery rate. [0014] Embodiment 2: A method of
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into contact with a lectin, wherein (i) the lectin is linked to a molecule
thesapesbiindirgisdbstprseabiadriertizmcaisianmobilized to the carrier through
the molecule and thereby makes the virus particles bound to the lectin

(3) Bﬁmfﬂm@%ﬁ%'ﬁ@@m@? SBIiPRHE GRS 14 SiPeddy immobilized to a
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(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the body fluid based on the number of the human herpesvirus
determined in step (4) and the recovery rate.
[0014] Embodiment 2: A method of quantitatively determining the number of human
herpesvirus collected from a body fluid, the method including the steps of:
(1) adding a standard virus to the collected body fluid, the concentration of the standard virus
being determined in advance;
(2) bringing the solution prepared in step (1) into contact with a lectin, wherein (i) the lectin
is linked to a molecule capable of binding to a carrier and is immobilized to the carrier
through the molecule and thereby makes the virus particles bound to the lectin bind indirectly
to the carrier, or (ii) the lectin is directly immobilized to a carrier and thereby makes the virus

particles bound to the lectin bind to the carrier;

(3) separating the carrier from the solution prepared in step (1);



(4) quantitatively determining the numbers of the virus recovered from the
separated carrier; and (5) evaluating the recovery rate by comparing the
number of the collected standard virus with the number of the standard
virus added in step (1), and determining the number of the human
herpesvirus collected from the body fluid based on the number of the
human herpesvirus determined in step(4) and the recovery rate. [0015]

Embadiment 3. A method of quantitatively determining the number of -
(@) R R BASRAE UPARETS 9 Bl RET R T Rt carrie:
f: (1) adding a standard virus to the collected saliva, the concentration of
P g
the standard virus being determined in advance; (2) mixing the solution

(5) prehagahithstepdlgryititabyictimydatiag ket fobdrrofghracuitactepattiodagd virus with
into contact with the biotinylated lectin, and then adding biotin-binding
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[OOwWsh Eebodimieet 8f hensthod afd)jvantsattlddy detatein{hy, tancletemoiiagan
the number of the human herpesvirus collected from the saliva based on
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Embodiment 5: The method according to any one of embodiments 1 to 3,
(2) whigkdriherse ko prepanedsi issée pe(do witim i ofivud aledilasdi firéon iRy airus
HHV-7. [0018] Embodiment 6: The method according to embodiments 2
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(3) separating the beads from the solution prepared in step (1);

(4) quantitatively determining the numbers of virus recovered from the separated beads; and
(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the saliva based on the number of the human herpesvirus
determined in step (4) and the recovery rate.

[0016] Embodiment 4: The method according to any one of embodiments 1 to 3, wherein
the human herpesvirus is human herpesvirus 6 (HHV-6) or human herpesvirus 7 (HHV-7).
[0017] Embodiment 5: The method according to any one of embodiments 1 to 3, wherein
the standard virus is a recombinant virus derived from HHV-6 or HHV-7.

[0018] Embodiment 6: The method according to embodiments 2 or 3, wherein the lectin is a
lectin that binds to a sugar chain containing at least one of N-acetylgalactosamine (GalNAc),
a2,6-linked sialic acid (Siaa2,6), and N-acetylglucosamine (GIcNAC).

[0019] Embodiment 7: The method according to embodiment 6, wherein the lectin is



selected from the group consisting of SBA (derived from soybean), SSA
(derived from Sambucus sieboldiana), DSA (derived from Datum
stramonium), and WGA (derived from wheat germ). [0020] Embodiment
8: The method according to any one of embodiments 1 to 3, wherein the
quantitative determination of the number of virus in step (4) is performed
by a procedure selected from the gro&%éonsisting of PCR, LAMP, and

ELISA. [0021] Embodiment 9: A method. of gquantitatively determining th
sel SN BTGP RERDSCURY 6 AR o HOm AR prived from
7 f ' ' ina: : :

S e el e D KN I A erive from

wheatlgai@yl saliva, such that the concentration of the standard virus is 10 to
100000 genome copies/mL, wherein the standard virus is a recombinant
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Sambucus sieboldiana), DSA (derived from Datura stramonium), and
herpgayi(ysi8 A FHEMrBhPWHEBRY BPRRPSEAUS bt tice llssiRisfTrisativa, the method

incFuo(JFnt'O{PIé)g E%%r lin step (1); (4) quantitatively determining the number of
virusrecovered from the separated beads by a procedure selected from
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recovery rate by comparing the number of the collected standard virus
thatatita comeeniratien of the Seadalkal divivis 40ded0A0Se gar1)memdpiesamhiniviggrein the
the number of the human herpesvirus collected from the saliva based on
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collected body fluid, the concentration of the standard virus -7-

immobilized beads thereto to make the virus particles bound to the biotinylated lectin bind to

the beads, wherein the lectin is selected from the group consisting of SBA (derived from

soybean), SSA (derived from Sambucus sieboldiana), DSA (derived from Datura

stramonium), and WGA (derived from wheat germ);

(3) separating the beads from the solution prepared in step (1);

(4) quantitatively determining the number of virus recovered from the separated beads by a

procedure selected from the group consisting of PCR, LAMP, and ELISA; and

(5) evaluating the recovery rate by comparing the number of the collected standard virus with

the number of the standard virus added in step (1), and determining the number of the human

herpesvirus collected from the saliva based on the number of the human herpesvirus

determined in step (4) and the recovery rate.

[0022] Embodiment 10: A method of quantitatively determining the number of human

herpesvirus collected from a body fluid, the method including the steps of:

(1) adding a standard virus to the collected body fluid, the concentration of the standard virus



being determined in advance; (2) bringing the solution prepared in step (1)
into contact with a virus-binding substance that is directly immobilized to
nanobeads having a diameter of 10 to 100 nm to make virus particles
bind to the nanobeads; (3) separating the nanobeads from the solution
prepared in step (1); (4) quantitatively_dx;[ermining the number of the virus
recovered from the separated carrier; and (5) evaluating the recovery rate
by comparing.the number of the collected standard virus with the number
be'BgéFéeé 19843 SV SRided in step (1), and determining the number of the
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human herpesvirus collected from a body fluid, the kit including: a
pargrdenpiatet lbetirnahealistin-binding protein-immobilized beads. [0024]
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concentration of the standard virus being determined in advance. [0025]

ancEmbodiment 13: The kit according to embodiment 11 or 12, wherein the
lectin is a lectin that binds to a sugar chain containin%é\t least one of
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sieboldiana), DSA (derived from Datura stramonium), and WGA (derived
detérommechisestegedn indribiethecevandeaid.virus is a recombinant virus derived

from HHV-6 or HHV-7. [0027] Embodiment 15: A method of quantitatively
[Ooaélerﬁﬁmﬂg'm@"hﬁ%fe B Haptitatively determining the number of human

herpesvirus collected from a body fluid, the kit including:

a biotinylated lectin; and

biotin-binding protein-immobilized beads.

[0024] Embodiment 12: A kit for quantitatively determining the number of human
herpesvirus collected from a body fluid, the kit including:

a biotinylated lectin;

biotin-binding protein-immobilized beads; and

a standard virus, the concentration of the standard virus being determined in advance.

[0025] Embodiment 13: The kit according to embodiment 11 or 12, wherein the lectin is a
lectin that binds to a sugar chain containing at least one of N-acetylgalactosamine (GalNAc),
a2,6-linked sialic acid (Siaa.2,6), and N-acetylglucosamine (GIcNAC).

[0026] Embodiment 14: The kit according to embodiment 13, wherein the lectin is selected
from the group consisting of SBA (derived from soybean), SSA (derived from Sambucus
sieboldiana), DSA (derived from Datura stramonium), and WGA (derived from wheat
germ); and the standard virus is a recombinant virus derived from HHV-6 or HHV-7.

[0027] Embodiment 15: A method of quantitatively determining the number of human



herpesvirus collected from a body fluid, the method including the steps of:
(1) bringing the collected body fluid into contact with a virus-binding
substance, wherein (i) the virus-binding substance is linked to a molecule
capable of binding to a carrier and is immobilized to the carrier through
the molecule and thereby makes the virys particles bound to the
virus-binding substance bind indirectly to the carrier, or (i) the

virus-bindi tance is directly immapilized to a carrier and thereby
e RSB RFES P ARb e R TGRS BB SERE ing 16 the
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separating the beads from the solution"prepared in step (1); and (3
bindingrditbstante detetmthmcathiernumber of the virus recovered from the

separated beads. ADVANTAGES OF THE INVENTION [0029] According
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DESCRIPTION OF THE DRAWINGS [0030] Fig. 1 is fluorescence

herpemtisnsicoblgesesh® i, the rasties dfciudisgfterepssyfecific

adsorption of HHV-6 to tamavidin beads. The bright green spots show
(D frpingdhe CQQF\%%B %@'W&'Hﬂ&r *?JQH@YM&G&é%CMEOE@Mﬁ'F&%MBMHP contact with
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HHV-6 virus solution (stock solution) was applied to MT-4 cells. The right
(2) seeataitag hedueads from the solution prepared in step (1); and
(3) quantitatively determining the number of the virus recovered from the separated beads.
ADVANTAGES OF THE INVENTION
[0029] According to the present invention, an HHV, which cannot be readily quantitatively
determined because of a very low concentration of the HHV in a body fluid and therefore
requires a high degree of training and skill, can be quantitatively determined simply and more
accurately.
BRIEF DESCRIPTION OF THE DRAWINGS
[0030] Fig. 1is fluorescence photomicrographs showing the results of a test for non-
specific adsorption of HHV-6 to tamavidin beads. The bright green spots show MT-4 cells
serving as indicator cells infected with EGFP recombinant HHV-6. One spot represents one
infectious virus particle (the difference in brightness of each spot depends on a difference in

gene expression of the virus after infection). The left photograph shows the results after a

HHV-6 virus solution (stock solution) was applied to MT-4 cells. The right photograph



shows the results after a HHV-6 virus solution (stock solution) was
brought into contact with tamavidin beads in the absence of a lectin, and
then the virus adsorbed to the tamavidin beads was applied to MT-4 cells.
Fig. 2 is fluorescence photomicrographs showing the results of a test for
effects of each of lectins, i.e., ABA, DSA, Lotus, MAM, or PHA-E4 on
concentration of HHV-6. The bright green spots show MT-4 cells serving

as indicator cells infected with EGEP. recombinapt HHV-6. One spot _
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infection). Fig. 3 Is fluorescence photomicrographs showing the results o
wagdeslidaneieTts oflleach of lectins, i.e., PHA-L4, UEA-I, SBA, or SSA on

concentration of HHV-6. The bright green spots show MT-4 cells serving
as inditgatdicHNSRHRANCIPRAIPRCIO8rARBe HISART thTesel T @ &sbifor effects of

epresents one jnfecti vjrus particle (the di nce in brightpess
cad B B et ol R e LB § GRS Qe v-6. The
brifptesTeeR sp GAARGU NN Eet erl I ANVERREHPBLIRGRAL ERBRI BREIEP
invention will be described in further detail below. [0032] 1. Method of
recoonimiatiiéide termimetspotakpledénts badyrffecti duse pus smnti o éhtaifference in
_provides a method of quantitatively determining a number of human
briglinses o 6aCBAREERP IR A Bt {feraREetHE AP RSB RseI0BIRGLIs e KsATteF:
infé%l)obrig]ging the collected body fluid into contact with a virus-binding
supstance, wherein (i) the virus-binding substance is linked to a molecule
capalplgy of RiIFRIRGJAERIKISD AYIEH rapHEoRMivRE RdheGRETEatYeheffects of
the molecule and thereby makes the virus particles bound to the
eachiafd4simatinges Ristarice Bind-hdiBatlgricSAcovavimerdratignaef HHV-6.  The bright
virus-binding substance is directly immobilized tg a carrier and thereby

OreqfaaRaLSt ROV Y A Afie s PR At HEARL Ee s iR FICSULEAREE BiFfg B eant
HHREST Al SeaamnciRe RIS DIRSUMRERIGPIREIAGISR (htintness of

(3) quantitatively determining the amount of the virus recover
eactnspsepasated eakigiffelenaSiryiteestpargidheprasentinfentiafesionides
a method of quantitatively determining -10-
EMBODIMENTS OF THE INVENTION
[0031] The present invention will be described in further detail below.

[0032] 1. Method of quantitative determination of HHV in body fluid

The present invention provides a method of quantitatively determining a number of
human herpesvirus collected from a body fluid, the method including the steps of:
(1) bringing the collected body fluid into contact with a virus-binding substance, wherein (i)
the virus-binding substance is linked to a molecule capable of binding to a carrier and is
immobilized to the carrier through the molecule and thereby makes the virus particles bound
to the virus-binding substance bind indirectly to the carrier, or (ii) the virus-binding substance
is directly immobilized to a carrier and thereby makes the virus particles bound to the virus-
binding substance bind to the carrier;
(2) separating the carrier from the solution prepared in step (1); and
(3) quantitatively determining the amount of the virus recovered from the separated carrier.

[0033] Furthermore, the present invention provides a method of quantitatively determining



the number of human herpesvirus collected from a body fluid, the method
including the steps of: (1) adding a standard virus to the collected body
fluid, the concentration of the standard virus being determined in
advance; (2) bringing the solution prepared in step (1) into contact with a
virus-binding substance, wherein (i) t_hfov_irus-binding substance is linked
to a molecule capable of binding to a carrier and is immobilized to the
carrier through the molecule and thereby makes the virus particles pound
the AR R OB L TR O GO EafHEA TG ] BRUAITD the steps
¢ virus-binding substance is directly immobilized to a carrier and thereby
makes the virus particles bound to the virus-binding substance bind to the

(1) cadiet;  Slandpar giing theneadiRcteahdine fhalutibe quegsrestionsiemélstatdhrd virus
_quantitatively determining the number of the virus recovered from the
beiga gigteiddnedrineidvanet(5) evaluating the recovery rate by comparing the

R B RS S W
whBIRIRERES FOLGHHRAE QT RS B Hkid haasAdteL e UMb PhitEing ]to a carrier

human herpesvirus determined in step (4) and the recovery rate. [0034
andeadémicobilirectmthe ttneemibtioadhothi e piessdan novibatary widlkdee the virus particles
described in detail below. [0035] Virus The virus to be quantitatively. o
boustéeHimae Yy Ring iRtk eHBRBICMBIA dBdReHYERLBA farEetiRT i A ¥ifus-binding
susfERHRHEbA diGrte iman fatghe, and (7 aRac gl YU RO ound o
to Herpesviridae, with which-human beings are infected, that IS, @ human

thelwqggagmmﬁg Qipeeanadieindienieternest to as HHV.) Preferably, the virus is
one or more viruses selected from the group consisting of human

(3) sepprativipLib S cararaiftsnAthe doBitioh preparétipetepin(ls; 6: hereinafter, also
collectively referred to as HHV-6), human herpesvirus 7 (hereinafter, also
(4) &H@PFE@Fk@%%ﬁ%ﬂ!%ﬁ@&&%%%@?aﬂ%éﬁ@d’%% A dPpEeRaTgieg carrier;

nd Epstein-Barr virus (hereinafter, also referred to as EBV.) More
preferably, the virus is HHV-6 or HHV-7, -11-

(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the body fluid based on the number of the human herpesvirus
determined in step (4) and the recovery rate.
[0034] Each configuration of the method of the present invention will be described in detail
below.
[0035] Virus

The virus to be quantitatively determined by the method of the present invention is a
virus that can quantitatively indicate human fatigue, and is specifically a virus belonging to
Herpesviridae, with which human beings are infected, that is, a human herpesvirus
(hereinafter, also referred to as HHV.) Preferably, the virus is one or more viruses selected
from the group consisting of human herpesvirus 6 (variants A and B of human herpesvirus 6:
hereinafter, also collectively referred to as HHV-6), human herpesvirus 7 (hereinafter, also
referred to as HHV-7), cytomegalovirus (also called human herpesvirus 5), and Epstein-Barr

virus (hereinafter, also referred to as EBV.) More preferably, the virus is HHV-6 or HHV-7,



and most preferably HHV-6. [0036] The human herpesvirus is known as a
double strand DNA virus with which human beings are infected.. HHV-6 is
a virus having a diameter of about 200 nm. [0037] Body fluid The body
fluid to be analyzed by the method of the present invention may be any
body fluid collected from a living body, such as blood, saliva, serum,
semen, breast milk, pharynx wiping liqtiid, cerebrospinal fluid, ascitic fluid,
erspiration, tear, and urine. Saliva is preferred. In this description, the
NGy Yot MTRIEG Y '5‘1'1’5Y37§ed by the method of the present invention is also

[oo%@]‘gg@n&m@ntﬁgﬁ%?WGM%% &ﬁlg{/@ SPSIANA CRIRSHRE SR human

of collecting mucus wiping a pharyngeal region

beingtaee sfabred. metipil/af Rodledtinh@aligea dirgntiiespeadtin@D ansampling
tube, or a method using a saliva sampler, such as Salivette (Sarstedt),
[0084h bBodviftdded. The method using Salivette is preferred. In this case,

o S kB R R R TR RITRIOAAS o oy
bod[gagpgi@we@ea AefHOM R R R Hidaacim e lRrh el roast milk

9] The oral cavity is treated before collecting saliva by, for example,
phavymefréyrngd itjoit, deetnvdpikealftual |ang tinflahgekpdiagonat temt, ad urine.  Saliva
_rinsing with water immediately before collection of saliva. The method of
IS RipisiEckhe BrA LA WittnwARPahnTlAhiR hesERl@etheydbRdBaBI G PT the present
. iva is preferred. (004 dy fluids other than saliva can also be
'”Vgﬁlgct'eé@ gﬁ"&q c&%?%rg‘!k‘ﬁgv@% %o St%?c')@!ee'skineol in the art. [0041] The
[ooesiecigdadythbiromal Ib&ingRianiaorte appraR!iatmiaaiaeabl RUERGMuUCS by

dilution, filtration, or centrifugation, according to need before the
wigjoguatitbtiye gkatereginativthef sirel), pantithed of caliddbngpsalivadyentl yrepewed into a
treatment does not affect the determination. Alternatively, if the virus is not

sampling §HokI9 T ACBRASLNING ARV TAMRLSY 1S GRASRALYEHESaFeieaR f6Rn De
em31ByRAS SFROFHAGLIPRARESONAMSAAAAAT T 1HASCaSKEA K Eoiteted by

being subjecte ermina
putting cotton into the mouth and impregnating the cotton with saliva, and then the cotton

impregnated with saliva is transferred to a centrifugal tube and centrifuged to collect the
saliva.

[0039] The oral cavity is treated before collecting saliva by, for example, by refraining from
food intake for a long time and placing at rest, or rinsing with water immediately before
collection of saliva. The method of rinsing the oral cavity with water immediately before
the collection of saliva is preferred.

[0040] Body fluids other than saliva can also be collected by any method known to those
skilled in the art.

[0041] The collected body fluid may be subjected to appropriate treatment, such as dilution,
filtration, or centrifugation, according to need before the quantitative determination of viral
particles or viral DNA as long as the treatment does not affect the determination.
Alternatively, if the virus is not immediately measured, the body fluid may be refrigerated or
frozen for storage according to need by a method known to those skilled in the art until being

subjected to determination.



[0042] Virus-binding substance In the present invention, the virus-binding
substance is a substance capable of binding to an HHV. Examples of a
substance capable of binding to an HHV include lectins and antibodies
against the HHV. [0043] In this description, the term "lectin” refers to a
saccharide-binding protein that recogrR' es a sugar chain and binds
thereto. Each lectin selectively binds to"a specific sugar chain. [0044] The

IecJ:in used in Te Bresent invention is not limited particularly as long as it

[0042 € ' ,b preferably a lectin having a high affinity to a
virus 0 48 gHABAIYE{H o SR THRRS ﬂﬂﬁ’ny WA {%%%‘ff‘c@’cfa?d’ﬁo&f f
the virus. I\Pore prefeéLll())/, the Iec%%d?s a lectin %t@%in ssto asugar c ain0

bindirfadnang-ri\easEgaamédbhgstiigalactosgbivef(GiadNg e, am BAHdiiksdde lectins
sialic acid (Siact2,6), and N-acetylglucosamine (G1cNAc) and is most
andhrettredifs agabetirinsei¥ddéd from the group consisting of SBA (a lectin

ved bean. binding . “chain: hai - .

oL B A B RS e

recSRRAE 2054 PRUNTaPHAAR G 8BreRd 0 E £ BN iaR G H NS pigdific sugar
acid (SiactZ,6)), DSA (a lectin derived from Datum stramonium, binding

chasnigar chain: sugar chain containing N-acetylglucosamine (G1cNAc)), and
WGA]%? lectin derived from wheat germ, binding sugar chain: sugar chain

[0048htattitdpRinSeBAMIOESURRTE (RYEBNARCY SoL1dteadastiny Ipehtietlangies it can

. Vit b antitatively determined is HHY-6,.the lectin is mor o
i e o B A B TR A R R B ppiacvety
detBIRBRY AAYERBAHg Aaiericaanyrdevenasiiong adreprRIRBIR the lectin is a

HHV and may be either a polyclonal antibody or a monoclonal antibody.
lecfioouhe] Oindsvioussbiadicitp sutsntanciadgrableast iisoefiiNervetyf datapiesasrine (GalNAC),
invention may be used by bein directIP/ immobilized to a carrier. [0047] In

o2 S RER S RIF S SIoaHeR AT AR SRR AR G Begspreteradly
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sugaeblgRn IGiChA| adpiaitiiriymling i91gitittosdBine (GalNAC)), SSA (a lectin derived
from Sambucus sieboldiana, binding sugar chain: sugar chain containing a2,6-linked sialic
acid (Siaa2,6)), DSA (a lectin derived from Datura stramonium, binding sugar chain: sugar
chain containing N-acetylglucosamine (GIcNAc)), and WGA (a lectin derived from wheat
germ, binding sugar chain: sugar chain containing N-acetylglucosamine (GIcNACc) or sialic
acid). In particular, if the virus to be quantitatively determined is HHV-6, the lectin is more
preferably SBA or WGA.

[0045] The antibody against an HHV used in the present invention is not particularly
limited as long as it can bind to the HHV and may be either a polyclonal antibody or a
monoclonal antibody.

[0046] The virus-binding substance in one embodiment of the present invention may be
used by being directly immobilized to a carrier.

[0047] In another embodiment, the virus-binding substance may be used by being indirectly
immobilized to a carrier. An example of indirect immobilization is binding of the virus-

binding substance and the carrier through binding between biotin and a biotin-binding protein.



More specifically, the indirect immobilization of the virus-binding
substance to the carrier can be achieved by biotinylating the virus-binding
substance and, at the same time, linking the biotin-biding protein to the
surface of the carrier and then binding the biotin and the biotin-binding
protein. [0048] Carrier In the present in g@tion, the carrier is not limited
particularly as long as it is a solid or insoluble material (for example, a

materia] that can be separated from a reaction mixture by filtration, )
MO SRS « DRI PR PP B s DR e e carier
ot ISR GOSN Voot 34 SRR o o
thetriosisriided moksiricaliagaurfaes oflendrearrieninganerpbiysiygetne biotin and the
_ polyacrylamide, polyesters, polycarbonates, polyamides, polypropylene,
bioHpreHylipBIREAtaHYlidene difluoride, latex, silica, glass, glass fiber, gold,

tinum, .silver, copper, iron, stainless steel, ferrite, silicon wafers,
[00 ! bb
g , polyethyleneimine, polylactic acid, resins, polysaccharides,

ProteipsKe SreséPHAAt FRReRaA ROBPINAHEADANFERHYHRIg as it is a solid

Examples of the shape of the solid carrier include, but not limited to,
or inealdb)e mageneti¢foe axEmie) dimete raicticatagaiil deystpaestefilfers) platesion mixture
microplates, carbon nanotubes, and sensor chips. A planar solid carrier,

by QH&N'&@@_EEWFI@HQ% @5%}%5%@%@&&%&?@&- example, pits,
[oot%bjo"r?iar%?ers%?‘ﬁ%ﬂrﬁ ARANONAR @rets[)qp %Ar}?eppn%%%%bﬁﬂm%nﬁcﬁflimited to,

present inven € magnetic peads can nave a sp erical diameter

celiI83E, rReTash Qfdipsta rab ardddhaymy tRiteee didtENadBr e IR cross-linked
embodiment, the magnetic beads have a diameter in the ranges of from

sphabioai ABosesodakian, Ichitwsamd olysty rebepdPaanyleonide polyeotens, The
size of the magnetic beads can be selected according to specific

PolYEARORAS: ieSrROBRRMIRNEn MBI REBSRVYNASRA Tiadide, latex. silica,
gla%%,l gsgffﬂ)é}j d?gfﬁhlm,eglv%‘?,@éﬁlrﬂ%,ogtgﬁI&%C&e%? %@é‘?ﬁn&rﬁﬁ%on wafers,

ave a diameter in a range of about 24 to about 1 a

polpegiprend povatimeriniie iohactiossitinkednsppeijsat aanRseperils (e.g.,
have a diameter in a range of from about 24 to about 44 m. The size of
albumei Migtatberygsd cambinations thereof.

[0050] Examples of the shape of the solid carrier include, but not limited to, beads,
magnetic beads, thin films, microcapillary tubes, filters, plates, microplates, carbon
nanotubes, and sensor chips. A planar solid carrier, such as a thin film or a plate, may be
provided with, for example, pits, grooves, filter bottoms, as known in the art.

[0051] In one embodiment of the present invention, the magnetic beads can have a spherical
diameter in the range of from about 10 nm to about 1 mm. In a preferred embodiment, the
magnetic beads have a diameter in the ranges of from about 25 nm to about 1 mm and from
about 50 nm to about 100 um.  The size of the magnetic beads can be selected according to
specific application.

[0052] In one embodiment of the present invention, beads made of a highly cross-linked
spherical agaroses, such as sepharose, can have a diameter in a range of from about 24 to
about 165 um. In a preferred embodiment, the highly cross-linked spherical agarose beads

have a diameter in a range of from about 24 to about 44 um. The size of the highly cross-



linked spherical agarose beads can be selected according to specific
application. [0053] Examples of the solid carrier having a hydrophobic
surface include polystyrene latex beads that are commercially available
from Polysciences Inc. or Spherotech Inc. [0054] Examples of silica
(Si02)-treated or silica (Si02)-based s_o!Lig carrier include
superparamagnetic silica beads that are available from Polysciences Inc.

. In addition, M-280 can be used, which is commercially available from
S SR 2 R St OO AR P LB AP
[ooﬁgfr%%ﬂg %é@%ﬁ%@aﬁ?ﬁﬁ%ﬁ No%Y@HGHL%JLR{aude P{g)lysgyrene latex

Polysciences Inc. under a tra omag (registered trademark
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In addition, M-270 can be used, which is commercially available from
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and a lectin-immobilized carrier, the carrier should be nanobeads of a
[005EE thatpetesits Bromaimetiobbads Adwenorefeydedpsipliesicdhcianchide bédbe
nanobeads ranﬂgqes from 10 to 100 nm, more preferably from 30 to 70 nm.

conynatrilbravallaie Ease PRIYRIRGETEHEs et Aulbhfe BAMEPh RiRAG dtegistered
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Miltenyi Biotech Inc. [0057] Since the virus-binding substance is a protein

[00&6In Al e sead ithee ofi MiBbibiditin g Stdteametentheatagrier can be linked by

a coupling process between a protein and a carrier known to those skilled

in the %HU?:BWQQQW@, %H‘ﬁﬁf‘éﬁ{‘%‘éﬁﬂ@@am% V4 BEiRRey Wnce linked
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ace and coupling the carboxyl groups to amino droups of the protein

of dsstitafiteseneedf diethyirBids dimatidaminemsbiididariedintdedfieCInould be
which is a cross-linking reagent. Alternatively, for example, the carboxyl

nanpinags of asize Ahabpelutitsddrand igienagtinto gropereferiedstelicatdinmeter of the
nareads Pnges froth 106 YO0 hm. miore prefe Sy o J07ts 30 T4 Sad¥on, in
this case, the nanobeads preferably contain a magnetic material so that the nanobeads can be
collected readily with a magnet. Examples of the nanobeads include, but are not limited to,
magnetic nanobeads, such as MACS MicroBeads (diameter: 50 nm) available from Miltenyi
Biotech Inc.

[0057] Since the virus-binding substance is a protein in many cases, the virus-binding
protein and the carrier can be linked by a coupling process between a protein and a carrier
known to those skilled in the art.  For example, the protein and the carrier can be linked by
modifying the carrier surface so as to expose carboxyl groups at the surface and coupling the
carboxyl groups to amino groups of the protein in the presence of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), which is a cross-linking reagent. ~ Alternatively,
for example, the carboxyl groups of the carrier surface and the amino groups of the protein

can be bound by actively esterifying the carboxyl groups of the carrier surface by N-



hydroxysuccinimide (NHS) and mixing the carrier with the protein in a
buffer that does not containing primary amino groups and having a pH of
6.5 to 9. [0058] Alternatively, the amino groups of the carrier surface and
the amino groups of the protein can be linked by using a cross-linking
reagent, BS3 (bis[sulfosuccinimidyl] s_uing[ate) or DSS (disuccinimidyl
suberate); or the amino groups of the carrier surface and the thiol groups

hy q&g&g Eﬁ%%agN%S%ayﬁgﬁg] Cég&f%}tlg\;{lﬁ% N3 e&tﬁ %PanILDJffer that does not
(- Tagll atvr }Sﬁﬂﬁ: mide). igect binding of
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used. [0060] For example, the virus-binding substance can be linked

profitnretpadinkecchyrisingy wessdipidaayeaganiyvRite Lissuhosnerpidiipuberate)
is immobilized tq the carrier surface, and then by being bound to the .
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0.1 to 100 m, more preferably 0.5to 10 m, and most preferably 1 to 5 m.

[2- pO0i6E] ditHinpcesongdor BRBS(N{gibtirdletna dpbogratlogayyeictinimide).

[001[5)- (+)|-ci_s-hexz_ah /dro-2- oxo-1H-thieno-(3,4)-imidazole-4-valeric acid]. The
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cases. The biotin binds to avidin,'which Is IS a glycoprotein contained  1n
indﬁm;ywa\@/&wiyﬁﬁyapig@ @dtnity. [0063] In this description, the term "biotin”

also Includes biotin analogs such as iminobiotin (Hofmann, et al., Proc.

[00RRL. PaekaBuild bA vilgsndinusbstasegpbsiinibibindigetthcty tee aarrier, by
/Anal. Biochem., (2002) 308: 343-357), hiocytin, and_biotin sulfoxide, in

being bignyiierWhle i AERIRUA GRS AR TS Y RARI AR d0iheifgrier surface, and

leetinr latinylated by using a biotinylation
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[0081] Piarggsiygdugts Gnbeanenhesasrilie inkerfdenth andpheriedetivmeter of the

group in this order), such as - 16
beads is preferably in the range of 0.1 to 100 um, more preferably 0.5 to 10 um, and most

preferably 1 to 5 um.

[0062] In this description, the term "biotin™ is a general name of D-[(+)-cis-hexahydro-2-
oxo-1H-thieno-(3,4)-imidazole-4-valeric acid]. The biotin is a water-soluble vitamin
classified into a Vitamin B group and is also called Vitamin By, or called Vitamin H or
coenzyme R in some cases. The biotin binds to avidin, which is is a glycoprotein contained
in albumen, with very high affinity.

[0063] In this description, the term "biotin™ also includes biotin analogs such as iminobiotin
(Hofmann, et al., Proc. Natl. Acad. Sci. USA, (1980) 77: 4666-4668), desthiobiotin (Hirsch,
et al., Anal. Biochem., (2002) 308: 343-357), biocytin, and biotin sulfoxide, in addition to the
above-mentioned biotin.

[0064] The virus-binding substance such as a lectin may be biotinylated by using a
biotinylation reagent. Examples of usable biotinylation reagent include, but not limited to,

Pierce products (in parentheses, the linker length and the reactive group in this order), such as



EZ-Link (registered trademark) Sulfo-NHS-Biotin (13.5 A, primary amine),
EZ-Link (registered trademark) Sulfo-NHS-LC-Biotin (22.4 A, primary
amine), EZ-Link (registered trademark) Sulfo-NHS-LCLC-Biotin (30.5 A,
primary amine), EZ-Link (registered trademark) PFP-Biotin (9.6 A,
amine), EZ-Link (registered trademarlf)lg/l_aleimide-PEOZ- Biotin (29.1 A,
thiol group), EZ-Link (registered trademark) Biotin-PEO2 Amine (20.4 A,
carhoxyl group), EZ-Link (registered trademark) Biotin-PEO3-L.C Amine.
2 5H ST B Cr P B A T B
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biotinylation reagent, the virus-binding substance such as a lectin can be
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biotin can be d to the virus-binding substance. Alternatively,

group®, EZsk ik éregidtatihiriationarid Bjetindaptrizidg @mind gatiehyds gseqh), EZ-Link
biotin may be linked to the virus-bindin suk:{%tance by first changi
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[006BIN afiehga bR MR rEageaaNiHaiSHRIYSI 7y RUFSRSQ! 4lieRn aBaViGin can be
a pH of about 5 to said virus-binding substance. [0067] Instead, the
linksidtioyltaal yrasisndingethaostance such as a lectin may be purchased
from, for example, J-Oil Mills Inc. as a biotin-labeled lectin. Alternatively
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andNhip-tie-Bdpitioraipsades to tRioTas IhindiidRiotsidnabelion 4Sit-Nkt?h, go that biotin
product of Dojindo Molecular Technologies, Inc.). [0068] Alternatively, for
candy@atiiiied o istivivistbndingssustiines subdtarmsdi eelyhing aasecyihemaypiptinylation
reaeg CSRAIING A6 BrouS 1 HSAL: SlofinTaay ba inked t6 2 ArS-BiRGRG Sibstance
by first changing carboxyl groups of the virus-binding substance such as a lectin to active
ester using a carbodiimide such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) and then adding the biotinylation reagent dissolved in a buffer solution
having a pH of about 5 to said virus-binding substance.
[0067] Instead, the biotinylated virus-binding substance such as a lectin may be purchased
from, for example, J-Oil Mills Inc. as a biotin-labeled lectin.  Alternatively, the biotinylated
virus-binding substance may be produced by linking biotin to a desired virus-binding
substance by using a biotin labeling kit (for example, though not limited to, EZ-Link
(registered trademark) NHS-Lc-Biotin, a product of Pierce Inc. or Biotin Labeling Kit-NH2,
a product of Dojindo Molecular Technologies, Inc.).

[0068] Alternatively, for example, a biotinylated virus-binding substance such as a lectin

may be produced through fusion of a gene of a lectin to a DNA encoding a peptide



comprising a biotinylated sequence, construction of a vector expressing
this fused gene, and expression of a fusion protein having the biotinylated
sequence in a host (Schwarz et al., J. Biol. Chem., (1988) 263:
9640-9645). Examples of the vector include, but not limited to, vectors
containing a BioEase (trademark) tag, M\ich is a product of Invitrogen Inc.
Among such vectors, a pcDNA (trademark) 6 vector for mammalian cell

expression, a pET104 vector for E. coli expression, and a pMT/BioEase
corTRRR 4 AL AR ST AR B SA T GABTAs (e FLLBRR oene.and
expREEIMHOSK Fff;)éiBFPg‘?H?éi SRARGRIG AE %‘%ﬁ%ﬁgﬂvﬁé}%@éﬁcﬂﬁh P?Qf'(%@i‘ﬁ'x%?\z] etal., J.

bond, such as avidin, streptavidin, neut R protein (Biochem. J.,

BidR@D2)r36306092637 doatadast)in ExaipleCbeihe, (&106)n28dte, but not limited to,
13250-13255), rhizavidin (Biochem. J., (2007) 405: 397-405), tamavidin,
VecsRrg ceittatniageFdeE astalfrprerareljeBeWiiel isip pragistiel | BxHIQORNAREAd Among

S S ke B SRR RRIERHETR Bl vector
for PUSH RRBHNBR 0 A 1A T /B ibRiSKER B fdr Iﬁl%%lﬁ?i-l’a@)&g%%s?g@lcan be utilized.

1383-1397). An example of the variant of tamavidin is high affinity/low
[0068h-dpetbeiprbsedirigvEntian]dimy (Fafsdmese atdtcoft ptihigetbdridtio.to form
- 2008-208766, not yet published). [0070] The term "tamavidin" in the
b'OBFlé%\é‘HMrR%}ﬁlt’iéHC!‘b?é@/té'E‘aﬁﬁ%ﬁﬂaw(ﬂr(arﬂ\e%ﬁ\ﬁ@'aciﬁv&a[@%%@@em J.,
‘"Ll ic acid se - encoding 'S E
o s O G L T B R ARG At S R ey zavicin
(BiSERIANEE(QDOPHING: magfsf),sﬂé@a@dwpaﬂ&)aﬂamyﬂré%ﬁfmﬁémfr-eferab|y be used.

Specifically, the tamavidin of the present invention may be typically a
In patiteitacdempigitio and HsnindandsccsehapneierebSEGRID N@mMavidin SR@Imin-
NO: 13 or a Frotein encoded by a nucleic acid comprising the nucleotide

bingg QN SR (3 F9'108 1N BASHLqERY GRSNFS UIOIUA RBTRHRRRUFY, RIch s an edible
muﬁ%amdg@efz%mmﬁf@”ﬁ *ﬁ%x&gmg MRy E@Baswcgg@yygﬁ 331 @gqgn

protein comprising amino acid sequence of ! O: 11 or
exadWiplelst eietherprateinemsadroidighnifeisis Acid eeripasifig bivding tamavidin

nucleotide sequence of SEQ ID NO: 10 or SEQ ID NO: 12 and that has a
(Japrogse e\ riikatiosiMfa2 081283 6 ta meiwelpabdisized}- a high

o RS A B i amiv i
seqtRNEEIREY 7S KB aMdiucléc acid sequence encoding thereof: SEQ 1D NO: 10),
tamavidin 2 (an amino acid sequence: SEQ ID NO: 13, a nucleic acid sequence encoding
thereof: SEQ ID NO: 12), or a variant thereof.  Specifically, the tamavidin of the present
invention may be typically a protein comprising the amino acid sequence of SEQ ID NO: 11
or SEQ ID NO: 13 or a protein encoded by a nucleic acid comprising the nucleotide sequence
of SEQ ID NO: 10 or SEQ ID NO: 12. Alternatively, the tamavidin of the present invention
may be a protein that is a variant of the protein comprising the amino acid sequence of SEQ
ID NO: 11 or SEQ ID NO: 13 or the protein encoded by a nucleic acid comprising the
nucleotide sequence of SEQ ID NO: 10 or SEQ ID NO: 12 and that has a biotin-binding
activity similar to that of tamavidin 1 or 2 or a high affinity/low non-specific binding activity.
Throughout the description, tamavidin 1, tamavidin 2, and a variant thereof may be referred

to collectively as tamavidin.



[0071] The variant of tamavidin 1 or 2 maybe a protein containing an

amino acid sequence having deletion, substitution, insertion, and/or

addition of one or more amino acids in the amino acid sequence of SEQ

ID NO: 11 or 13 and having a biotin-binding activity similar to that of

tamavidin 1 or 2. The substitution may Pée_a conservative substitution

where a specific amino acid residue is substituted by a residue having
ilar physiochemical characteristics, Nonlimitin exa,rgrmles of the

S| .
[OOZJIES HoHaSL HAmRA ML De TR RE AR IS FERRIAHE AN AqYno acid sequence

ha\)\rr/?\g'%?e?i@r?‘,"éq&ﬁﬂﬂ G REAS %H%P‘éde FHP(?UWBFE%'MWaUFdsl in the

Len, or Ala; and substitution between polar residues such as mutua

amdstitisianoeveeSE QYDA Arg o518 and s Gibitiandndin §06VRY similar to
The variant by deletion, substitution, insertion, and/or addition of amino

thah@fd@%dﬂi'rbb%r_%dg&'élﬁ wwwaﬂmepmmmﬁvafiyné@pé&m@n Whe_re a
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a wild-type protein. In this description, the term "one or more amino
betaeksdmreferadiol sesiduesiaacig aiphatiogacioks st aH lowt gl stiostitution among lle,
substitution, insertion, and/or addition by the site-specific mutagenesis. In

Vahdgiid, e RI%SUBHEGIAN SRMGRMRP BEiERSIGHEh I CHEs spiiehHRsjiteden between
L st%r%%r r%‘?h’%rr%lfrsningr%ﬁwgn &&Propriate. [0073] Furthermore, the
y n %‘f amavidin'l or

varia maybe a protein containing an amino acid

[o0TequSThes, haxin® Rdermeto gy mtiailieasiebteRraia ety ditieast 88Yaoakid(s) can

least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
be pEYh)catbystadeXenap Ik asd @tion af Jbespogis mutagerzesi D 9%icarisl awerl-known
r(iaferably at least 99.3% with the amino acid sequence of SE

tech s G IR o SR R ESFoTS) s iAo do NRe Bt BT 00, 1082, the
entﬁE @ eﬂ[%@@vl‘ﬂ%ﬂ%ﬁ%’réﬁ%&?ﬁﬂﬁ% W&Wﬁg@ﬁé%}’eﬂ&%@ég@e% DNA encoding a

omology percentage between two amino acid sequences may
wildatgapnseiby visud tRspeption, andienathemnaaticabromfittesicits” refers to an

Alternatively, the identity percentage between two protein sequences may
amiy® d@i@ﬂﬁmma@da battakodiisirtan cﬁlmgautmﬂam,smi@, andiaveddien by the
S W PR RS,
desRFiPYisR A efdPto one or several amino acids as appropriate.
[0073] Furthermore, the variant of tamavidin 1 or 2 may be a protein containing an amino
acid sequence having a homology of at least 60%, preferably at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99%, and more preferably at least 99.3% with the amino acid sequence
of SEQ ID NO: 11 or 13 and having a biotin-binding activity similar to that of tamavidin 1 or
2 or a high affinity/low non-specific binding activity.
[0074] The homology percentage between two amino acid sequences may be determined by
visual inspection and mathematical computation.  Alternatively, the identity percentage
between two protein sequences may be determined based on the algorithm of Needleman, S.

B. and Wunsch, C. D. (J. Mol. Biol., (1970) 48: 443-453) and comparison of sequence

information using a GAP computer program, available from the University of Wisconsin



Genetics Computer Group (UWGCG). Preferred default parameters of the
GAP program include (1) scoring matrix, blosum 62, described in
Henikoff, S. and Henikoff, J. G. (Proc. Natl. Acad. Sci. USA, (1992) 89:
10915-10919); (2) a gap weight of 12; (3) a gap length weight of 4; and
(4) no penalty for end gap. [0075] Othe Jrograms for sequence
comparison that are used by those skilleéd in the art may also be used.

The identity percentage can be determir}ég comparison of seguence
e BRI 8 A e LR BSEHAERBE e a) g poaram
incﬁfg?r'](t ewgg@%ia?r&enﬁos %Q%%‘{eﬁ%%a%%nﬂ?aﬁ,%%ﬁar%ﬂﬂﬁﬁ B{S@.ngroc.

ite, National Center for Biotechnology' Information (NCBI) o

NafPMéddasziBasiko{1gzasgDoBI3- tootley; (Prergas. k=ight odrditi@)s gap length
(parameters) for identity screening by the BLAST program is shown in the
weighs of 4eaafl. (Fhoegpnalty denemsberPmay be modified partially, screening

is performed using default values. Furth , the identity, .
00 g e A B RE g R L G HE L g bR AL a or
ma%ﬂ%%gf@me?ﬂc”ﬁ% oer2R) BHFCIRIQIEBNAE REAERSHIBY %P%ﬁrison of sequence
ENETYX Ver. 7 (Genetyx Company) or FASTA algorithm. In such a

infomsatj aetainy viduesample pibhaIBEART tiregsane dpsog bfadR6ATbehideettal, (Nucl.
percentz?e between two nucleic acid sequences can be determined b
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Int&ﬁ@tpu'@écﬁr@b\ﬁd(ﬁﬁﬁ%p‘ér‘ﬁﬁ@ﬂéﬁéyfoMi@@iﬁR kCYESRIRG BPtREMBOIEM program is
"GAP" (Devereux, et al., Nucl. Acids Res., (1984) 12: 387). Using this

shoi@niR 't etieamdétad ddifibaughdbengrandgbons fmay beunieddf teci g astig g neassening
comparison of two amino acid sequences and comparison qof a nucleic
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containing an amino acid sequence set forth in SEQ ID NO: 13, or, an
algarihve. adial ssteerse igiandl vakies raay dealsasifes Bieidofteifigations in

roci SeAuenceor an aming cid sequence iaving A dently of 8% 98 mined by
visual inspection and mathematical computation, or, more preferably, the sequence
information is compared using a computer program. A typical and preferred computer
program is the Wisconsin package of the genetic computer group (GCG; Wisconsin,
Madison), version 10.0 program "GAP" (Devereux, et al., Nucl. Acids Res., (1984) 12: 387).
Using this "GAP" program, in addition to comparison of two nucleic acid sequences,
comparison of two amino acid sequences and comparison of a nucleic acid sequence and an
amino acid sequence can be performed.

[0077] In the present invention, examples of preferable tamavidin include the following
tamavidin modifications (Japanese Patent Application No. 2008-208766, not yet published):
[0078] A modified biotin-binding protein containing an amino acid sequence set forth in
SEQ ID NO: 13, or, an amino acid sequence having one or several amino acid modifications

in this sequence or an amino acid sequence having an identity of 80% or more with this



sequence and showing a biotin-binding activity, wherein one or more

residues selected from the following group: 1) an arginine residue at

position 104 of SEQ ID NO: 13; 2) a lysine residue at position 141 of SEQ

ID NO: 13; 3) a lysine residue at position 26 of SEQ ID NO: 13; and 4) a

lysine residue at position 73 of SEQ IDJNO: 13, are substituted by an

acidic or neutral amino acid residue. [-06 9] More preferably, the modified
biotin-binding protein.is.selected from the group consisting of: a modified

seOR . GO BREKGIR R BARERE A4 i B AETNS. 5 elected from

theqw'ﬁig‘iﬂ% idie at position 104 is substituted by a glutamic acid residue
anc! the %l?rl%}bresidue at position 141 is substituted by a glutamic acid

residug an angidifie desiatio dipesitipprooeiof(ERONERNO4E3;where, in SEQ ID
NO: 13, the aspartic acid residue at position 40 is substituted by an

asparAgi¥siaeigsisluger prsitigdink of FRUELNSSion 104 is substituted
by a glutamic acid. residue; a modjfied hiatin-hinding protein

(B oM R IHLES THARE S CEUTLA S T e R resicue
positigNAQJm e hsgidiet by aoneeParagine reRidHe aind the lysine residue
at positiori 141 is substituted by a glutamic acid residue; and a modified

aresidistHoiledibg gratédic( D4AGNtR AR KAAd Esvdaere, in SEQ ID NO: 13,
the aspartic acid residue at position 40 is substituted by an asparagine
[007diqhdorparafefiphhe thedrpsbfiadRistivninenansasstisteaiesied BRikiggroup
con%fsiﬁnﬁgiidue’ and the lysine residue at position 141 is substituted by a
glutamic acid residue. [0080] The biotin-binding protein and the carrier can

be linkachBifiEgIHBEORRIBRE IRoteRURITE B-RCISE) bR GArSEL WHIRDISL3, the

known to those skilled in the art. For example, the protein and the carrier
argudneoediduedtippsiioulififdg tisehstitrited iy fagbisonic ac desgsidiee aztboxyysine

groups at the surface and coupling the carboxy! groups to amino groups of

resiglide %B%fﬂ‘?ﬁ K b}ég@ﬂ@gtg@ by a glutamic acid residue;

e R AR 1.0
aspattitoasicandithe a2 position 40 is substituted by an asparagine residue and the arginine
residue at position 104 is substituted by a glutamic acid residue;

a modified biotin-binding protein (D40N-K141E) where, in SEQ ID NO: 13, the
aspartic acid residue at position 40 is substituted by an asparagine residue and the lysine
residue at position 141 is substituted by a glutamic acid residue; and

a modified biotin-binding protein (D40N-R104E-K141E) where, in SEQ ID NO: 13,
the aspartic acid residue at position 40 is substituted by an asparagine residue, the arginine
residue at position 104 is substituted by a glutamic acid residue, and the lysine residue at
position 141 is substituted by a glutamic acid residue.

[0080] The biotin-binding protein and the carrier can be linked by using a method for
coupling a protein and a carrier, which is known to those skilled in the art. For example, the
protein and the carrier can be linked by modifying the carrier surface so as to expose
carboxyl groups at the surface and coupling the carboxyl groups to amino groups of the
protein in the presence of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) serving as

a cross-linking reagent.  Alternatively, the carboxyl groups of the carrier surface and the



amino groups of the protein can be bound by actively esterifying the
carboxyl groups of the carrier surface by N-hydroxysuccinimide (NHS)
and mixing the carrier with the protein in a buffer that does not contain
primary amino groups and having a pH of 6.5 to 9. [0081] Alternatively,
amino groups of the carrier surface an(} mino groups of the protein can
be bound usmg a cross-linking reagent, BS3 (bis[sulfosuccinimidyl]

o G A ?&%ﬂg'm'd%}?iﬁaeﬁﬁsixqéﬁﬁn By RgaH pspups of te
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or GMBS ( butyry xy)succmlm 0082 In a case w
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available carriers having various functional groups at the surfaces can be
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Immobilizer-Amino Modules/Plates (Nunc Inc.), and carboxyl group plates
proseioltas el B lateiditts-8 ¢aBE- (DEineg ety e FRP NtsuTd Darbdyl 3-[2-
(Sumitomo Bakelite Co., Ltd.). Furthermore examples of microbeads
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can be linked in accordance with instructions attached to the carrier.
prefoGa®y alibzadtivElyampian pfoviofaplatbsomvnig fingt prakimanpmabiiesdirfaces
carrier include, but not limited to, markete%froducts such as microplates,

include, Pl @EH@{?Q&&MW R ERR e@?ﬁ\é‘f@é‘?rﬁej"&hﬁﬂﬁﬁgademark)

M e S e T 2ine orove

platdagiaBinthhMobireprdlidimpBeadsdRerptatec (N (A0 34t Jndhe wasexyhgisup plates

the biotin and the biotin-binding protein are not used, the virus- binding

suckLassEaA 6é e TAAROFdAR-el BetyingiFdatipasioun§ wpoid(Sexaitapie, Bakelite Co.,
L e s B P 0 A RS ST St
include, but not limited to, highly cross-linked agarose beads such as Sepharose (trademark)
(GE Healthcare Bio-Sciences Ltd.) and magnetic beads such as Dynabeads (trademark)
(Dynal Inc.). The biotin-binding protein and the solid carrier can be linked in accordance
with instructions attached to the carrier.

[0083] Alternatively, examples of the biotin-binding protein-immobilized carrier include,

but not limited to, marketed products such as microplates, e.g., Reacti-Bind™

Streptavidin
Coated Plates (Pierce Inc.) and Nunc Streptavidin Coated 96 Micro Well™ Plates (Nalge
Nunc Inc.) and magnetic beads, e.g., Dynabeads M-280 Streptavidin (Dynal Inc) and
MagnaBind™ Streptavidin Beads (Pierce Inc.).

[0084] In the case where the biotin and the biotin-binding protein are not used, the virus-

binding substance and the carrier can also be indirectly bound by, for example, linking the

virus-binding substance to a histidine tag, a FLAG™ tag, or glutathione-S-transferase (GST)



and also linking the carrier to the corresponding Ni-NTA (nitrilotriacetic
acid), anti-FLAG antibody, and glutathione, and then binding the
virus-binding substance and the carrier. [0085] Standard virus In the
method of the present invention, the recovery rate of a virus to be
quantitatively determined is not necessayily 100% and may vary subtly
depending on samples and conditions: The recovery rate is therefore not

exactly constant. This is satisfactory for the purpose of approximat )
e g KRR PR B SPUTESR  G Td At ARG ALTaTanti-FLAG

(GRS, U AR YA R DR AR ARV b YINGSs (BRI the carrier.
an mg(?}l]um- m%{ong-teramq;ﬁtz}rgueﬁﬂs necessary to rﬂg?su?e the amouen{:sa rcg%er
[0085] Vistentmkbeyusuids collected at certain intervals of time and to

continue with comparison of the amounts. Variation in the recovery rate
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amounts of the virug that js successiv ollected and quantitatively..
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referred to as "standard virus") that shows a recovery rate similar to that
the gluapose s tagpeayirmaté abtertyidetemuhe denmbealidwi us@as sieghe ot aiseon.

number of the virus to be determined and a number of the standard virus
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added to the initial sample and the amount of the recovered standard
Varigtien imHikeartovatiofaliedenefotetausesou it tdeacvdrately aldiffimiligdn the
constantly by multiplying the measured value of the target virus by the
COW&(&%QF&W%@F&?@%@ YIEMATHS B Etyree sl nRllFvis @ndsentitatively
of the virus. [0087] Furthermore, the correction of the measured
value of the target virus by adding the standard virus to the sample and
[008eRIURLNGIghe iegakRbbratRds ieieratieondueistl ily etlwemeapitRenby
system. Alternatively, it may be conducted by, for example, dividing a
intrgglgbientecisysterafongirasithats taftetarafergdiaiastostngashui fractitiat shows a

for evaluating the -23- . I .
recovery rate smﬁ lar to %at of a virus to be quantitatively determined and allows

det

measurement of a number of the virus to be determined and a number of the standard virus
independently under coexisting conditions.  Specifically, a predetermined amount of the
standard virus is added to an initial sample (for example, saliva), and the method of the
present invention is performed. Then, the recovery rate is evaluated based on the amount of
the standard virus added to the initial sample and the amount of the recovered standard virus.
The amount of the target virus could be accurately determined constantly by multiplying the
measured value of the target virus by the reciprocal of the recovery rate to correct the
measured value of the amount of the virus.

[0087] Furthermore, the correction of the measured value of the target virus by adding the
standard virus to the sample and evaluating the recovery rate is preferably conducted in one
measurement system. Alternatively, it may be conducted by, for example, dividing a

sample into two fractions, adding the standard virus to only one fraction for evaluating the



recovery rate, measuring the target virus to be quantitatively determined in
the other fraction, and correcting the measured value of the target virus
based on the results obtained from these fractions. [0088] In addition,
when a large number of samples of a virus is measured by the method of
the present invention, it is preferable t go_nduct the quantitative

determination by introducing the standard virus to every sample. If the

virus recovery rate is stable, however, the standard virus is.not . .
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recovery rate of a system Is conflrmta y introducing the standard virus
fra¢€igemrts of the samples, the other samples may be subjected to

guantitative determination without introducing the standard virus. The
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guantitative determination of the present invention, it is necessary for the
staistarciend visusntméiestdd fhintrodsebihidirgesuisaiaplee anmbebiatreetotiereof the
usin& beads, similar to the tar%?t virus, and can readily be measured by,
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[0091] The mutated HHV-6 is preferably a recombinant virus derived from
stamdieing-giusd  Aaneingethaolefribapreaeie didinisen atsndas! tdas avehmat prdxestiment.
in the wild-type HHV-6 genome at positions corresponding to the U2 to
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targ#_rég% rﬁ%@& %f’ﬁﬁ&ib@g abdsRIGLE" ¥@H§88@m%rﬁi¥ff %réﬁqgadily from

aving exogenous nucleotide sequences that are not

theREeg@NiF0sthe Tidd istvipead Ihéti dgestajuantitatineiiensraniaaspendirg testie
~U2to U8 regions or the U24 and U25 regions of HHV-7. [0092] When the
invgiiiensipisaeeeasvanfaidherpander dyisusyistbinditatheatsussindied sdksianse and be

recb%gfed using beads, similar to the target virus, and can readily be measured by, for
example, PCR, LAMP, or ELISA, independently from the target virus.

[0090] The inventors have found that a mutated HHV-6 is a suitable standard virus
satisfying the above-described requirements when HHV-6 is measured, and a mutated HHV-
7 is suitable when HHV-7 is measured.

[0091] The mutated HHV-6 is preferably a recombinant virus derived from HHV-6 and
having exogenous nucleotide sequences that are not present in the wild-type HHV-6 genome
at positions corresponding to the U2 to U8 regions or at positions corresponding to the U24
and U25 regions of HHV-6. The mutated HHV-7 is preferably a recombinant virus derived
from HHV-7 and having exogenous nucleotide sequences that are not present in the wild-
type HHV-7 genome at positions corresponding to the U2 to U8 regions or the U24 and U25
regions of HHV-7.

[0092] When the virus is quantitatively determined by a system that detects nucleotide itself



at high sensitivity, such as PCR or LAMP, the exogenous nucleotide
sequence is not limited as long as it is a sequence that is not present in
the genome of the wild-type HHV being a target to be quantitatively
determined and in the human genome, and may not be a structural gene.
In this case, a length of the exogenou_szqu_cleotide sequence is not
particularly limited, but preferably ranges from 100 to 20,000 bases and
referably from 200 to 10,000 bases. In such a system, when
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exogenous protein that is not present in the wild-type HHV. Such a protein

a reeaYStY saikiefiinyitteaing Yo 1easir 8dieerid by @mBléo §eRdOAL affect the

otide uenge thatis n resentdn th nome of the wild- .
HH R R R B R L S R R A oo
flusrebiRssatdihsubH AP LD R sEeERRORRAT eCHT® aradRRME IR FliSorescent
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HHV being the measuring, target. Alternatively, an enzyme or the like that
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an gxegengehireittibtiagi anetaeserd i bEAgVitdexBatdt Vdepeeite pigieinns not

o R B R SRR 4 o
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preferably a sequence that is not present in the human genome. Furthermore, the exogenous
protein is preferably, for example, the above-mentioned fluorescent protein or antibiotic
resistance protein that does not affect the recovery rate of the HHV being the measuring
target. Alternatively, an enzyme or the like that allows easy assay can preferably be used.
[0094] Preferred examples of such a mutated HHV-6 are recombinant viruses introduced
with a gene encoding a protein for being measured independently from the wild-type HHV-6
(for example, see Japanese Patent No. 3923505). Preferred examples of such a mutated
HHV-7 are recombinant viruses introduced with a gene encoding a protein for being
measured independently from the wild-type HHV-7 (for example, see Japanese Patent Public

Disclosure No. 2007-159586).

[0095] The amount of the standard virus added to a sample is not particularly limited as



long as it allows quantitative determination of the standard virus, but, in
the case of a mutated HHV-6, for example, the standard virus can be
guantitatively determined when the amount is about 10 to 1,000,000
copies per mL, preferably about 10 to 100,000 copies per mL, more
preferably about 50 to 50,000 copies p% mL, and most preferably about
100 to 10,000 copies per mL. [0096] InThe quantitative determination
usin\ithe standard virus, the standard vi
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per\mhs-binding substance. The conditions for contacting the body fluid and
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binds to the virus-binding substance at a degree that allows quantitative determination of the

virus. The factors of the contact conditions include incubation temperature and incubation

time.

[0098] Furthermore, the body fluid may be brought into contact with the virus-binding

substance directly or after addition of a desired buffer solution or the like to the body fluid.

In a case where a desired buffer or any other additive is added to the body fluid, it is

necessary for the amount of the virus to be calculated by taking into consideration the amount

of the buffer added.

[0099] The lower limit of the incubation temperature may be 4°C or 10°C, while the upper

limit may be selected from the group consisting of 50°C, 45°C, 40°C, 37°C, 30°C, 25°C, and

20°C. For example, preferred incubation temperature ranges from 10°C to 37°C, 10°C to

25°C, 10°C to 20°C, or 15°C.

[0100] The lower limit of the incubation time may be selected from the group consisting of

1 min, 3 min, 5 min, 10 min, 15 min, 20 min, and 30 min, while the upper limit may be



selected from the group consisting of overnight, 10 h, 8 h, 5h, 3 h, 2 h,
1.5 h, and 1 h. Examples of preferred incubation time ranges from 5 min
to 2 h, from 10 min to 1.5 h, and from 30 min to 1 h. [0101] In an
embodiment where the virus-binding substance is indirectly immobilized to
the carrier in the method of the preser_wtz' vention, the virus-binding
substance and the carrier are brought’into contact with and bound to
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and the carrier are not limited particularly as long as the virus-
frosuGtaince qam be sufficiently immobilized to the carrier through the
molecule capable of binding to the carrier. The factors of the contact
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The carrier that has captured the virus to be measured through the virus-binding
substance is separated from the body fluid sample in a manner known to those skilled in the
art according to the properties of the carrier.

[0103] For example, in the case of a particulate carrier such as a bead carrier, the carrier
may be separated from the sample by centrifugation and subsequent removal of the
supernatant. For a carrier that is in a magnetic bead form, the carrier may be separated from
the sample by collecting the carrier using a magnet and removing the supernatant. For a
carrier that is in a shape of a thin film or filter, the carrier may be separated from the sample
by pulling up the carrier from the sample or may be separated from the sample after allowing
the sample to pass through the carrier. For a carrier that is designed to capture the virus
inside a well structure such as a microplate, the carrier may be separated from the sample
merely by removing the sample from the well.

[0104] Furthermore, the step of washing the separated carrier may be conducted in order to



remove substances non-specifically bound to the carrier that has been
separated from the sample, according to need. The conditions of the
washing solution and the temperature used in the washing step are not
limited particularly as long as the conditions can maintain the binding
between the virus and the virus-bindir_l%?gbstance and/or the binding
between the virus-binding substance and the carrier. [0105] Preferably,

the washing solution is buffered and is a buffer solution having a pH of 7
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The carrier that has captured the virus to be measured is separated from the body

fluid sample and/or is washed, and then a buffer solution is added to the carrier in an amount
less than the initial volume of the body fluid. This procedure enhances the HHV
concentration in the recovered sample so as to be higher than that in the body fluid. An
amount less than the initial volume of the body fluid is not particularly limited, but may be
1/2, 1/10, 1/20, 1/40, 1/60, 1/80, or 1/100 of the initial volume.

[0108] The buffer solution added to the carrier that has captured the virus to be measured is
selected appropriately in accordance with a method which is subsequently to be applied for
determination of the virus.

[0109] After concentrating the HHV in the recovered sample to a level higher than the
concentration in the body fluid as described above, the sample is subjected to quantitative
determination of the number of the virus . In this description, the term "quantitative
determination of the number of the virus" refers to quantitative determination of the amount

of the virus present in a sample. Accordingly, the term "quantitative determination of the



number of the virus" includes direct or indirect quantitative determination,
for example, as the absolute number of the virus, the concentration of the
virus, or the titer of the virus. The number of virus can be determined by
any known method, for example, a method of quantitatively determining
the amount of viral DNA or a method _oEgl_Jantitatively determining the
number of antigen molecules derived ffom virus particles. Examples of the

former method include methods based on PCR such as real-time PCR
nu Eré?TérB?(‘i'%%)',”ﬁ e QL ASAFURCT UAMIRICHERERRAAb AT e. as

the SRR e%f"[ﬁ?ﬁ’r ‘WE %ﬁ?ﬁg}%ﬁ&ﬁ%%ﬁ% g'e(lfle #99%uweRirus.  The

E63). Examples of atter me quantitative determination of
nurabégeiviriaieirsbasiotrioinex amn iy, lasovahvistiold] Fév. dxariipgsnaoretiod of

guantitative determination may be performed as a titer of a virus by
quanré@&iv@wé@eéaiamthﬁimwmirmﬂ\%m@mqu ﬂi_élmaaiwely |
et ULy EAT 2 e e R i AT 13 R Uemei e of th
forARFMRhGH ThEHIERTHRMoBS HLIERER BAFCAIEIEAY &1 iFRPRIRYERILHIEI ¢R85), 230:

can preferably be carried out in a suitable buffer solution. [0111] The
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[0111] The buffer solution is not particularly limited, and a pH for the reaction may range
from 5.0 to 9.0, preferably from 6.0 to 8.0, and more preferably from 7.0 to 8.0. A buffer
solution having a pH of 7 to 8 may be a buffer solution based on, for example, TrissEDTA
(TE), PBS, HEPES, or TBS. A temperature employed for heat treatment is not particularly
limited, but may range preferably from 60°C to 100°C, more preferably from 70°C to 95°C,
and most preferably from 80°C to 95°C. The treatment time ranges from 5 minto 1 h and
preferably from 10 to 30 min.  The type of the surfactant is not particularly limited as long
as it does not affect subsequent quantitative determination of the virus. Examples thereof
may include Nonidet P-40, Tween 20, and Triton X-100. A concentration of each surfactant
may range from 0.01 to 1%, preferably from 0.05 to 0.5%, and more preferably from 0.05 to
0.25%. The heat treatment and the addition of a surfactant can be properly combined within
the above-mentioned ranges.

[0112] 2.Kit



The present invention also provides a kit for quantitatively determining the
number of human herpesvirus collected from a body fluid based on the
method of the present invention. [0113] In one embodiment, the kit of the
present invention includes at least a biotinylated virus-binding substance
and a biotin-binding protein-immobilizeg?carrier. Preferably, the kit of the
present invention includes at least a bi6tinylated virus-binding substance,
a biotin- binding protein-immobilized carrier, and a stan\%?rd virus havin
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immobilized. Preferably, the kit of the present invention includes at least
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container. In addition, the kit of the present invention may include a
[018atkdde tot pfdisepResaUT-invention may further include a buffer solution for binding a

virus and the virus-binding substance, a buffer solution for washing the separated virus-
binding carrier, and/or a buffer solution for being subsequently added to the carrier, in the
method of the present invention.

[0116] The kit of the present invention further includes a reagent and/or a buffer solution
for quantitatively determining a virus. For example, when a virus is quantitatively
determined based on quantitative determination of the amount of DNA, the reagent and/or the
buffer solution are, for example, a DNA polymerase, a primer, a suitable probe according to
need, and a suitable buffer solution. When a virus is quantitatively determined based on
quantitative determination of the number of antigen molecules, the reagent and/or the buffer
solution are, for example, an antibody against the antigen, a secondary antibody suitable for
detection, and a suitable buffer solution.

[0117] In the kit of the present invention, each reagent may be contained in a proper

container. In addition, the kit of the present invention may include a package for properly



wrapping the reagents included in the kit. [0118] Furthermore, the kit of
the present invention may include suitable instructions for use.
Nonlimiting examples of the instructions for use include media that can
convey how to use the kit of the present invention to a user, such as
description on the package, printed mggqr, an electronic memory medium
(for example, magnetic disk, tape, cartridge, or chip), and an optical

medium (for example, CD ROM)..In addition, description of the address of
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cells Cultured human cord blood-derived T cells were infected with
EXfaMthBiRant HHV-6 expressing EGFP (Japanese Patent No. 3923505) to
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Enrichment of HHV-6 was investigated by allowing a biotinylated lectin to react

with a cultured HHV-6 in solution and then to bind to tamavidin-immobilized magnetic
beads.

[0121] 1. Preparation of HHV-6 solution from cultured T cells

Cultured human cord blood-derived T cells were infected with recombinant HHV-6
expressing EGFP (Japanese Patent No. 3923505) to produce an EGFP-type HHV-6 solution.

[0122] 2. Preparation of tamavidin magnetic beads

Three hundred microliters of magnetic beads having surfaces coated with carboxyl
groups (Dynabeads M-270 Carboxylic Acid, Dynal Inc.) were washed with 300 uL of 0.01 N
sodium hydroxide for 10 min and then with 300 uL of ultrapure water for 10 min three times.
To the washed magnetic beads, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) (Pierce Inc.) dissolved in cooled ultrapure water was added into a final
concentration of 0.2 M, followed by shaking at room temperature for 30 min.  Then, the

magnetic beads were washed with 300 pL of cooled ultrapure water and then with 300 uL of



50 mM MES buffer solution (pH 5.0), and then mixed with 300 pL (180 g)
of 0.6 mg/mL tamavidin substituted by 50 mM NMS buffer solution (pH
5.0). The mixture was shaken at room temperature for 30 min to link the
tamavidin and the magnetic beads by covalent bonds. The magnetic
beads were collected with a magnet, an the supernatant was removed.
Then, unreacted carboxyl groups of the beads were eliminated by 300 pL
of 50 mM tris buffer solution (pH 7.0), and.the magnetic beads were
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supplemented wit etal bovine serum), and the whole suspension
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background was confirmed.

[0125] First, 100 uL of the EGFP recombinant HHV-6 solution (concentration: 10*
copies/mL TE) and 500 uL of PBS were mixed and incubated at 15°C for 1 h (upside-down
mixing). Then, the tamavidin magnetic beads prepared in Section 2 were added to the
reaction solution, followed by incubation at 15°C for 1 h (upside-down mixing). Then, the
Eppendorf tube containing the reaction solution was placed in a magnetic stand for
Dynabeads, and the beads was washed with 200 uL of PBS containing 2 mM EDTA and
0.5% BSA twice. Then, the beads was suspended in 500 uL of a culture solution
(RPMI1640 supplemented with 10% fetal bovine serum), and the whole suspension was
mixed with 0.5 mL of an indicator cell (MT4 cell) suspension. It is believed that, if the
EGFP-type HHV-6 is present, the indicator cells are infected with the EGFP-type HHV-6,
the DNA of the HHV-6 enters the cells, and the EGFP gene incorporated in the HHV-6 is



expressed within the indicator cells to generate GFP fluorescence. [0126]
Fig. 1 shows the experimental results confirming that almost no HHV-6
was non- specifically adsorbed to the tamavidin-immobilized beads. [0127]
Then, the possibility of increasing concentration of a virus was
investigated using each lectin. [0128] §gs_t, 100 pL of the EGFP
recombinant HHV-6 solution (concentration: 104 copies/mL TE), 500 pL

of PBS, and 10 g of a biotinylated lectin were mixed and incubated at 15C
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with distilled water twice immediately before the collection of -33-

EGFP was observed. It is believed that, if the EGFP-type HHV-6 is concentrated, the

indicator cells are infected with the EGFP-type HHV-6 bound to the magnetic beads through

lectin-biotin-tamavidin binding, the DNA of the HHV-6 enters into the cells, and the EGFP

gene incorporated in the HHV-6 is expressed within the indicator cells to generate GFP

fluorescence.

[0129] Figs. 2 and 3 show the experimental results indicating that the expression of EGFP

using SBA, SSA, DSA, or WGA was higher than that of the virus stock solution. These

results suggest that HHV-6 can be efficiently concentrated by the use of these lectins.

[0130] Example 2 Quantitative determination of HHV-6 in saliva without standard virus

The concentration of HHV-6 in saliva was quantitatively determined without using
the standard virus but by utilizing the biotinylated lectin and the tamavidin magnetic beads.

[0131] 1. Collection of saliva

Saliva was collected from a subject with Salivette (Salivette cotton, Sarstedt). The

subject rinsed the oral cavity with distilled water twice immediately before the collection of



saliva and put the inner cotton of the Salivette in the oral cavity to collect
saliva for 2 min. [0132] 2. Quantitative determination of HHV-6 by
conventional method First, the concentration of HHV-6 in the saliva was
guantitatively determined by a conventional method. [0133] HHV-6 DNA

in 400 pL of the saliva collected in Se_%g;?r] 1 above was purified using
BioRobot EZ1 (Qiagen Inc.) and EZ1 Virus Mini Kit v2.0 (Qiagen Inc.) in
accordance with the protocol of EZ1 Virus Mini Handbook (Qiagen. Inc.). )
sl A8 o RGP S SEEYBA R Db B R pva 107 2 min.
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Primer: 5'-TGTAAGCGTGTGGTAATGGACTAA-3' (SEQ ID NO: 2); and

convaaeaa! freBd-AM 5-AGCAGCTGGCGAAAAGTGCTGTGC-3' TAMRA
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of saliva was 14616 copies/mL. [0137] 3. Quantitative determination of
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The real-time PCR was performed using the FastStart Universal Probe Master (Rox) (Roche
Inc.) at a reaction temperature of 95°C for 10 min once, followed by 45 cycles of 95°C for
5 seconds and 60°C for 31 seconds.

[0135] This test was performed by an experimenter highly trained in virus experiment.
[0136] The determined HHV-6 DNA in 1 mL of saliva was 14616 copies/mL.

[0137] 3. Quantitative determination of HHV-6 using biotinylated lectin and tamavidin

magnetic beads

To 400 uL of saliva collected in Section 1 were mixed 44 uL of ten-fold
concentration of PBS and 1 nmol of biotinylated SBA, followed by incubation at 15°C for
1 h (upside-down mixing). Then, 100 uL of the tamavidin magnetic beads prepared in
Section 2 in Example 1 were added to the reaction solution, followed by further incubation at
15°C for 1 h (upside-down mixing). Then, the Eppendorf tube containing the reaction
solution was placed in a magnetic stand for Dynabeads, and the beads was washed with 500

uL of PBS three times. Subsequently, 10 uL of TE was added to the beads, followed by



treatment at 98C for 10 min. Then, the supernatant was collected in the
magnetic stand, and 5 pL of the supernatant was subjected to
guantitative PCR. In the quantitative PCR, the HHV-6 U65/66 region was
guantitatively determined by real-time PCR, as in Section 2. [0138] The
determined amount of HHV-6 in 5 pL of the eluate was 2934 copies. The
calculated amount of HHV-6 in 10 L of TE is 5868 copies. Since this is the

amount of H resentl 400 L of the initial saliya, verted
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Salivette (Salivette cotton, Sarstedt). The subject rinsed the oral cavity
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placed the inner cotton of the Salivette into the oral cavity to collect saliva
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The results are shown in Table 1. [0144] 3. Quantitative determination of
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ten-fold concentration
biotinylated lectin, tamavidin magnetic beads, and a standard virus.

[0141] 1. Method of collecting saliva

Saliva was collected from a subject with Salivette (Salivette cotton, Sarstedt). The
subject rinsed the oral cavity with distilled water twice immediately before the collection of
saliva, and placed the inner cotton of the Salivette into the oral cavity to collect saliva for
2 min.

[0142] 2. Quantitative determination of HHV-6 by conventional method

The HHV-6 in the saliva was quantitatively determined as in Section 2 of Example 2.
[0143] Itis to be noted that this test was carried out by an researcher with a high degree of
training in virus experiments.  The results are shown in Table 1.

[0144] 3. Quantitative determination of HHV-6 using biotinylated lectin, tamavidin

magnetic beads, and standard virus

(1) Quantitative determination of HHV-6 using biotinylated WGA
To 400 uL of saliva collected in Section 1 was added an EGFP-type HHV-6 solution
containing 1000 copies of EGFP-type HHV-6. Then, 44 uL of ten-fold concentration of



PBS and 1 nmol of biotinylated WGA were mixed therewith, followed by
incubation at 15C for 30 min (upside-down mixing). Then, 100 pL of the
tamavidin magnetic beads prepared in Example 1 were added to the
reaction solution, followed by further incubation at 15C for 30 min
(upside-down mixing). Then, the Epperégorf tube containing the reaction

solution was placed in a magnetic staid for Dynabeads, and the beads
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the primers an agman prope used for quantitative determinin
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5-CGAAGAAAAGTAGCACAGGTCTCC-3' (SEQ ID NO: 7); Primer:
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experiment was calculated from the ratio of the number of the EGFP-type
follgws7-6 quantitatively determined from the result of -36-

Primer: 5'-CTGCTGCCCGACAACCA-3' (SEQ ID NO: 4);

Primer: 5-TGTGATCGCGCTTCTCGTT-3' (SEQ ID NO: 5); and

TagMan probe: FAM 5-CTGAGCACCCAGTCCGCCCTG-3' TAMRA (SEQ ID NO: 6),
and the primers and Tagman probe used for quantitatively determining the HHV-6 U5 gene
were as follows:

Primer: 5-CGAAGAAAAGTAGCACAGGTCTCC-3' (SEQ ID NO: 7);

Primer: 5-ACCGTGTCATAAATGCTGAGTTGG-3' (SEQ ID NO: 8); and

TagMan probe: FAM 5-AGGCACCCGTTCCGCCCCAGC-3' TAMRA (SEQ ID NO: 9).
The real-time PCR was performed using the FastStart Universal Probe Master (Rox) (Roche
Inc.) at a reaction temperature of 95°C for 10 min once, followed by 45 cycles of 95°C for
5 seconds and 60°C for 31 seconds.

[0145] The recovery rate of the EGFP-type HHV-6 in each experiment was calculated from

the ratio of the number of the EGFP-type HHV-6 quantitatively determined from the result of



the real-time PCR of the EGFP gene to the initial number, namely, 1000
copies of the EGFP- type HHV-6. The value quantitatively determined by
the method of the present invention was obtained by multiplying the
number of the wild-type HHV-6 determined from the result of the real-time

PCR of the HHV-6 U5 gene by the re(_:igéocal of the recovery rate

e above-described experiment was
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Sample 1

220.3

0.58

379.8

397.3

Sample 2

213.9

0.48

445.6

408.6

Sample 3

2221.3

0.51

4355.4

4570.7

Table 1: Comparison of the results of quantitative determination of the

number of HHV-6 using the biotinylated WGA and the tamavidin magnetic

beads and the results of quantitative determination by a conventional method.

(The units of numerical values other than the recovery rate are the number of

HHV-6 genomic DNA copies in 1 mL of saliva.)

[0148] In every saliva sample, the value of the wild-type HHV-6 obtained by the method of

the present invention and the value of the wild-type HHV-6 obtained by the conventional

method were in close agreement with each other.

This shows that quantitative

determination of the number of HHV-6 in saliva can readily be performed by the method of

the present invention.

[0149] Example 4 Quantitative determination of HHV-7 in saliva without using standard

virus




biotinylated lectin and the tamavidin magnetic beads, but without using the
standard virus. [0150] 1. Collection of saliva Saliva was collected from a
subject with Salivette (Salivette cotton, Sarstedt). The subject rinsed the
oral cavity with distilled water twice immediately before the collection of
saliva, and placed the cotton of the Sg%z?e_tte into the oral cavity to collect
saliva for 2 min. [0151] 2. Quantitative determination of HHV-7 by
conventional method First, the_concentration of HHV-\H{(\ e saliva

; as .
quant/ i GeRFAUtRHORRId Y 7 dBrauMA RS GHaHER! HHER BYuARINg 2
S A o SR B i
[01803ortlabekevtidn dfgapitocol of EZ1 Virus Mini Handbook (Qiagen Inc.).

[0153] The resulting DNA was subjected to quantitative PCR. In the
quantinevres Rollgstedi Fenvagsheelgigineali ligralinesty eritermbaededt). The

by real-time PCR. The seguer. sed in the PCR were as follows: :
supel el o el e R AR e N At B RSP conecton of
salVAMRE RactE St SRECMOGHE ST R SalNPediRe@Btlva for 2 min.

TagMan probe: FAM 5-CCTCGCAGATTGCTTGTTGGCCATG-3' TAMRA
[01BF QM NMDtitdd)e Toemaaldiioe ¢ ERIwWashyertonestibusl meHast Start

Universal Probe Master (Roxg_l@)?ch_e Inc.) at a reaction temperature of

95C folrstotheiABISEBIFSIRRAE 1% By e sabhasrassuandidyshsderrimpined by a

for 3.1 seconds. [0154] This test was performed by an experimenter highly
co \?gpﬁgﬁ% rﬁﬁ%@%xperiment. [0155] The determined HHV-7 DNA in 1 mL
[018bpalYRWATRA, Y dovopiest e Al haBlotleQbamiiip Aletepavaaii@afified using

HHV-7 by using biotinylated WGA and tamavidin magnetic beads To 250
BidRobstRvA (Qilagtedrin )SectioA 1l Wik MinidgliLaD (h(Qadgevokolylin accordance with

concentration of PBS and 20 pL of biotinylated WGA (J-Oil Mills Inc.),

the BIRIRAY ‘Efy‘z_-é_é-\'meﬁlﬁ\émﬁéf‘qt%(@lfc(piaﬂ%H&&e-down mixing). Then, 50
[Olgé]Ofﬁg]?e\élﬂﬁhB%%&Was subjected to quantitative PCR. In the quantitative PCR,

the HHV-7 U37 region was quantitatively determined by real-time PCR. The sequences
used in the PCR were as follows:

Primer: 5'- CGGAAGTCACTGGAGTAATGAC-3' (SEQ ID NO: 14);

Primer: 5'- CCAATCCTTCCGAAACCGAT-3' (SEQ ID NO: 15); and

TagMan probe: FAM 5-CCTCGCAGATTGCTTGTTGGCCATG-3' TAMRA (SEQ ID NO:
16).

The real-time PCR was performed using FastStart Universal Probe Master (Rox) (Roche
Inc.) at a reaction temperature of 95°C for 10 min once, followed by 45 cycles of 95°C for
5 seconds and 60°C for 31 seconds.

[0154] This test was performed by an experimenter highly trained in virus experiment.
[0155] The determined HHV-7 DNA in 1 mL of saliva was 221,774 copies/mL.

[0156] 3. Quantitative determination of HHV-7 by using biotinylated WGA and tamavidin

magnetic beads

To 250 uL of saliva collected in Section 1 were mixed 250 uL of two-fold
concentration of PBS and 20 uL of biotinylated WGA (J-Oil Mills Inc.), followed by



beads prepared as in Section 2 in Example 1 (provided that Dynabeads
MyOne was used as the magnetic beads) were added to the reaction
solution, followed by further incubation at 15C for 1 h (upside-down
mixing). Then, the Eppendorf tube containing the reaction solution was
placed in a magnetic stand for Dynabeggs, and the beads was washed
with 500 pL of PBS three times. Subsé%%éntly, 40 pL of TE containing
0.09% of TweeP 20 was addgd to the solutign, followed by treatment at

incybation A &5 in of Heh (YRS FRMBRIWAs  dORcRbHInAhmAYiHE Ragnetic
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of the virus is approximately 99%.

[0158] As described above, HHV-7 can be quantitatively determined using the biotinylated
WGA.

INDUSTRIAL APPLICABILITY

[0159] The present invention provides a novel quantitative determination method that can
measure the number of HHV in a body fluid more simply, accurately, and efficiently, and
provides a kit for performing the method. The method of the present invention can undergo

continuous evaluation of the number of HHV in body fluids and, therefore, can be applied to

quantitative evaluation of the accumulation of fatigue.



and is immobilized to the carrier through the molecule and thereby makes
the virus particles bound to the virus-binding substance bind indirectly to
the carrier, or (ii) the virus-binding substance is directly immobilized to a
carrier and thereby makes the virus particles bound to the virus-binding
substance bind to the carrier; (3) separgting the carrier from the solution
prepared in step (1); (4) quantitatively d&termining the number of the virus
recovered from the separated carrier; and (5) evaluating the recovery rate
by comparing the number of the colgcé andard virus with the number
of the standard virus added in step (1), and determining the number of the
human herpesvirus collected from the body fluid based on the number of

1. the hpmastHer peguanistatiotdyrdnecnimisiep (dhried dhaueanverpeaizug céllected
method of quantitatively determining the number of human herpesvirus

frogoiBebuflereniie rptharLsemadsinetsieBscmprising the steps of: (1)
adding a standard.virus to the collected, b fluid, the concentration of .
O R T o B RSB oo R TR Etangar vires
beiRGERASRAi RS BRELANRE contact with a lectin, wherein (i) the lectin is
linked to a molecule capable of binding to a carrier and is immobilized to
(2) thengamg ehe tbotutigh freparetecuséeprit)) imvtoalop tavakathth e ivirssbipditiglagstance,
bound to the lectin bind indirectly to the carrier, or (ii) the lectin is directl

WhEKRIRBITE8 o o aliBnTE HRSTNERIBYIRKERdS BB QREe saRtale haLItNG (0 a carrier
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solution prepared In step quantitatively determini gnt] € humbers
bodhe t6/tHE W‘E@%Fﬁﬁnﬁ%ﬁbﬁ'ﬁ%é@@ﬁf@ﬁﬁdifeﬁ[}]ﬂ(@ ABEd@iceValyasife Wieus-binding
recovery rate by comparing the number of the collected standard virus

substiahcelie dicaothe irofmdia I§zech taacceiries acititwiedytamke),teaulidsteanioliergound to
the number of the human herpesvirus collected from the body fluid based

theahrm?mﬁa?%%gmwﬁ@‘?ﬁéﬁs}%s determined in step (4) and the
(3) %%f)%ﬁfﬁ%ﬁ@'cﬁrﬁmﬁﬁ%e%&m%té}ﬁ%odﬁt@{éﬁ'E‘i’jﬁg the number of

uman herpesvirus collecte
(4) quantitatively determining the number of the virus recovered from the separated carrier;

and

(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the body fluid based on the number of the human herpesvirus
determined in step (4) and the recovery rate.

2. A method of quantitatively determining the number of human herpesvirus collected
from a body fluid, the method comprising the steps of:

(1) adding a standard virus to the collected body fluid, the concentration of the standard virus
being determined in advance;

(2) bringing the solution prepared in step (1) into contact with a lectin, wherein (i) the lectin
is linked to a molecule capable of binding to a carrier and is immobilized to the carrier
through the molecule and thereby makes the virus particles bound to the lectin bind indirectly
to the carrier, or (ii) the lectin is directly immobilized to a carrier and thereby makes the virus

particles bound to the lectin bind to the carrier;



from saliva, the method comprising the steps of: (1) adding a standard
virus to the collected saliva, the concentration of the standard virus being
determined in advance; (2) mixing the solution prepared in step (1) with a
biotinylated lectin for bringing virus particles into contact with the
biotinylated lectin, and then adding bIOHQ binding protein- immobilized
beads thereto to make the virus particles bound to the biotinylated lectin
bind to. the beads; (3) separating the beads from th solutlon prepared in

(3) SR ”Q&B‘%ﬁ%[ﬁk‘?{a 9 aleHenrRy PR LR BER G virus recovered
f
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comparing t ed standard virus with the num ero
andhe standard virus added in step (1), and determining the number of the
human herpesvirus collected from the saliva based on the number of the
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he standard virus is a recombinant virus derived from HHV-6 or HHV-7
detérrinednive thep (A enddirgrecdvbayra?eor 3, wherein the lectin is a lectin that
binds to a sugar chain containing at least one of N-acetylgalactosamine

3. (GalﬁA‘&?thﬂ @ ﬁIHF%BH@B’I?éy Selarrairingles, wibR-atBYIsRAg8asiHES collected

G i\ -41- 7 Th C % to Claim 6, wherein the lectin is
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stramonium), and WGA (derived from wheat germ). 8. The method
beiagcisteinunedanpdragcsf, Claims 1 to 3, wherein the quantitative
determination of the number of virus in_step (4) is performed by
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the beads;

(3) separating the beads from the solution prepared in step (1);

(4) quantitatively determining the numbers of virus recovered from the separated beads; and
(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the saliva based on the number of the human herpesvirus
determined in step (4) and the recovery rate.

4. The method according to any one of Claims 1 to 3, wherein the human herpesvirus
is human herpesvirus 6 (HHV-6) or human herpesvirus 7 (HHV-7).

5. The method according to any one of Claims 1 to 3, wherein the standard virus is a
recombinant virus derived from HHV-6 or HHV-7.

6. The method according to Claim 2 or 3, wherein the lectin is a lectin that binds to a
sugar chain containing at least one of N-acetylgalactosamine (GalNAc), a2,6-linked sialic

acid (Siaa2,6), and N-acetylglucosamine (GICNAC).



of: (1) adding a standard virus having a predetermined concentration to
the collected saliva, such that the concentration of the standard virus is
10 to 100000 genome copies/mL, wherein the standard virus is a
recombinant virus derived from HHV-6 or HHV-7; (2) mixing the solution
prepared in step (1) with a biotinylated Ael\c_tin for bringing virus particles
into contact with the biotinylated lectin, and then adding biotin-binding

protein- immobilized beads thereto to make the yirus particles bound to
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rom Sam sieboldiana), DSA’(derived from Datura stramonium

(dedinddvitord Ctetinestifsponiimatoe s A3dsapadaiing thiscbegetmirom the
solution prepared in step (1); (4) quantitatively determining the number of

8. virus Téedvetkerfaserrtiasipraeie 96 4daimyg 4 1o adRIRNSERBHsaHEatiye
the group consisting of PCR, LAMP, ELISA: and (5) evaluating the
ety I T LR e R Lk S CLREE AP RERILRG peigced from
the iSRS MIRTHPPIR AR @fed n step (1), and determining
the number of the human herpesvirus collected from the saliva based on
9. the némbethod thfeg hamtigati helspestenumide hmmatddnaftepnidh aepekeirus 6 (HHV-
recovery rate. 10. A method of quantitatively determining the number of
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f_the steps of: (1) adding a standard virus to the collected body fluid, the
“concentration of the standard virus -42- being determined in advance; (2)
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substance that is directly immobilized to nanobeads having a diameter of
thatl heca@mnatiomedikiee\starsignd ntickss Kld ad 966 Gibgmitssarisods/mL, wherein the
separating the nanobeads from the solution prepared in step (1); (4)
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particles into contact with the biotinylated lectin, and then adding biotin-binding protein-
immobilized beads thereto to make the virus particles bound to the biotinylated lectin bind to
the beads, wherein the lectin is selected from the group consisting of SBA (derived from
soybean), SSA (derived from Sambucus sieboldiana), DSA (derived from Datura
stramonium), and WGA (derived from wheat germ);

(3) separating the beads from the solution prepared in step (1);

(4) quantitatively determining the number of virus recovered from the separated beads by a
procedure selected from the group consisting of PCR, LAMP, and ELISA; and

(5) evaluating the recovery rate by comparing the number of the collected standard virus with
the number of the standard virus added in step (1), and determining the number of the human
herpesvirus collected from the saliva based on the number of the human herpesvirus
determined in step (4) and the recovery rate.

10. A method of quantitatively determining the number of human herpesvirus collected

from a body fluid, the method comprising the steps of:

(1) adding a standard virus to the collected body fluid, the concentration of the standard virus



the number of the standard virus added in step (1), and determining the

number of the human herpesvirus collected from the body fluid based on

the number of the human herpesvirus determined in step (4) and the

recovery rate. it. A kit for quantitatively determining the number of human

herpesvirus collected from a body fluid,the kit comprising: a biotinylated

lectin; and biotin-binding protein-immégl ized beads. 12. A kit for

_quantitatively determining the number of human herpesvirus collected
be'ﬂ%ﬁ‘?tﬁrﬁaaﬁ I@UF8GGt comprising: a biotinylated lectin; biotin-binding
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from wheat germ); and the standard virus is a recombinant virus derived
androm HHV-6 or HHV-7. 15. A method of quantitatively determining the
number of human herpesvirus collected -43- from a body fluid, the method
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the virus- binding substance Is immobilized to the carrier through the
detenoiived|®) stegiijhanditos rbnoatiery rstgbstance is directly immobilized to a
carrier and thereby makes the virus bound to the virus- binding substance

11pind 0 HibfREAYBRIHSIIENY HElR AR THBRICAE RYTRTH GhBUBH SR AP e cted
froﬁ{%po% ﬂﬂﬁj, the kit comprising:

a biotinylated lectin; and

biotin-binding protein-immobilized beads.

12. A kit for quantitatively determining the number of human herpesvirus collected
from a body fluid, the kit comprising:

a biotinylated lectin;

biotin-binding protein-immobilized beads; and

a standard virus, the concentration of the standard virus being determined in advance.

13. The kit according to Claim 11 or 12, wherein the lectin is a lectin that binds to a
sugar chain containing at least one of N-acetylgalactosamine (GalNAc), a2,6-linked sialic
acid (Siaa2,6), and N-acetylglucosamine (GICNAC).

14, The kit according to Claim 13, wherein the lectin is selected from the group
consisting of SBA (derived from soybean), SSA (derived from Sambucus sieboldiana), DSA
(derived from Datura stramonium), and WGA (derived from wheat germ); and the standard
virus is a recombinant virus derived from HHV-6 or HHV-7.

15. A method of quantitatively determining the number of human herpesvirus collected



(3) quantitatively determining the amount of the virus recovered from the
separated carrier. 16. A method of quantitatively determining the number
of human herpesvirus collected from saliva, the method comprising the
steps of: (1) mixing the collected saliva with a biotinylated lectin for
bringing a virus into contact with the bigjinylated lectin, and then adding
biotin-binding protein-immobilized beads thereto to make the virus bound
to the biatinylated lectin bind to the beads; (2). separating the beads from

la
froga BByl hr 'e{}‘@g’ﬁfis‘i@ﬁ'wi‘%W?ﬁ%ﬁﬁtaﬂvely determining the
(1) BHTRG YAERBIBTBERY FIGH TrestdReSERAIRLE 8 ing substance, wherein (i)

the virus-binding substance is linked to a molecule capable of binding to a carrier and makes
the virus bound to the virus-binding substance indirectly bind to the carrier by that the virus-
binding substance is immobilized to the carrier through the molecule, or (ii) the virus-binding
substance is directly immobilized to a carrier and thereby makes the virus bound to the virus-
binding substance bind to the carrier;

(2) separating the carrier from the solution prepared in step (1); and

(3) quantitatively determining the amount of the virus recovered from the separated carrier.
16. A method of quantitatively determining the number of human herpesvirus collected
from saliva, the method comprising the steps of:

(1) mixing the collected saliva with a biotinylated lectin for bringing a virus into contact with
the biotinylated lectin, and then adding biotin-binding protein-immobilized beads thereto to
make the virus bound to the biotinylated lectin bind to the beads;

(2) separating the beads from the solution prepared in step (1); and

(3) quantitatively determining the number of the virus recovered from the separated beads.





