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[ 0001] The present invention relates to a nethod of quantitatively
determ ni ng the nunber of human herpesvirus (HHV) collected froma
body fluid and a kit for perform ng the nethod. BACKGROUND ART [0002]
Accunul ation of "fatigue" causes many serious problens such as death
from overwork, suicide, and Iifestyle-rﬁlated di seases. However,
scientific and nedical studies on "fatigue" are significantly
retarded as conpared to nedical her fields, and not even
a partial solution has been prOV|§¥§b?oFAg?§ | ens caused by "fatigue”

in the health of |nd|V|duabgAgangquﬁgxgﬁﬁog(ﬂh@h@gs[0003] A main
reason for the delay in studies on "fatigue" and devel opnent of

prevention and treatnent thereof is that a nmethod for objectively
measuring "fatigue" has not been proposed. In particular, a nethod
f or measudEREINIGASUFHELE i on of fatigue" or "medium and |ong-term
continuous fati " which nost severely affects life and health, has
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amount of ga (?y@ﬁggﬁﬁj ZV|rus, which is reactivated, and released
into saliva (W2 006634). Previous studi es have reveal ed t hat
fatigue ageuonyl At&ehudion dF IatSud ¥RRSs MhnysdeFiBSSHEbIEAS sidh b tdmiPfomne
week or nore can be quantitatively determ ned by this method.
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Regarding saliva, it is known that a content of endogenous biotin in
the salivaryfagiesard sernfiepntly Gatasder asompared &g medigal S@dleﬁ in Phgrifislds, and
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a met hod of quantltatlve determmnation of a retrovirus,
and treatment thereof is that a method for objectively 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 anount of the viral DNA is
nmeasured by quantitative PCR (W95/034684). [0006] Furthernore, a
known met hod for measuring an anount of viral protein involves, for
exanpl e, i nmunoassay using an anti body against the viral protein. A
typi cal exanple of the inmmunoassay is sandw ch ELI SA (Germa, G, et
al., J. din. Mcrobiol., (1983) 17: 942- 944). [0007] Meanwhile, a

known netQ99 f%r raisi %fa concent.rat.ibon.of. a virus in a solution,and
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long time for separation and thus requires a e anount of work for
carryi ng euwtodsis4eenhod. I n addition, a nethod of concentrating a
virus is known where the virus is precipitated by amoni um sul fate or
pol yet hyl ¢p6¢| Yethermbief okitowmanethyd fos mehsuanget hrodurh at vieal gicd@o wemivag dor
in that since the reagent used in the nethod inhibits PCR
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particlesggg)mhich a mannose-binding lectin is imobilized (Japanese
- Patent Publ'i’c Disclosure No. 2002-165591). In addition, disclosed is

a met hod l[l(_sooh? Meb@PiRY b fhdtiPRekhad RirdisiRy h 8éRend £6h bPa VR in ERBBAGESd
the retroviral titer or isolates a retrovirus froma sanple

(VW02001/ 0 794&8y)condrtrait gART viREshE RENGESp [e Dl 6 8denfPHh gifibn. DOGRtMately, this
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M crobi ol inhiki&3BR subdequOttR- RAbrmed Br detecting the virus, purification of the sample is
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 (W02001/079456).
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DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0009] The inventors have neasured anounts of human her pesviruses
(hereinafter, abbreviated as HHVs) in body fluids by a known nethod
in order to quantitatively evaluate degrees of fatigue in daily life.
In this regard, the inventors have found that the nunbers of the HHVs
in the sanples were very lowin sone cages, that is, the nunber of
human her pesvirus 6 (HHV-6) was | ess than 100 copies/nL and the

nunber of i i t&#&?) was al so | ess than 100
copies/nLFﬁgﬁga§ﬂé Q@??QEqﬁR&%$I e |l ost hal fway through neasurenent
| n many cPReBIands oA eRBLVEHBY aRlE INiN vas necessary Lo ensure

accurate and efficient quantitative determnation. It was therefore

di fficul t [06D9yeTRS il Eiford Uan théaalred Bhiurds bEHfugtin MeFRSirusds (BRBRARS,
readily by preparing a kit for a known nethod of quantitatively

det er m ni pbbranateiHys HAdspindiody flyids by aksowemmethpé &t ordér tb hearpitativelgtevaluate
invention to solve the above-nentioned problens in virus quantitative
det er ni nadpgaes afEtNese poRilsdils/) NotiHRsPROBE EVER0GTeYe ied thatthanenkers of
have conduyct i ntensive studies and, as a result, they hayve found
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virus bind to the substance, and collecting the carrier by nedns o%
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i nventors have succeeded in providing accurate quantitative

det er m natpdeffibigntgidntigtive detarmaianomndtiwes thérefore disfiabrty detgmase a
standard to a sanple in the course of the quantitative determ nation
and condudbdmigtyelyarlpigs ngmbatod samplasyeadilydypsepading o kis for kppva methpd of
further accurate titativ term nation by usin mut at ed HHV as
the standdrEA el CELomTsE BEELY: onotRu eboy B RaRIEr G RIFRER RYEtoR fio
present i i rovi | . itative
deternina?%gﬁh%%ggﬁggﬁhﬁggi nggﬁLﬁﬂﬁkgﬁggﬂ%ggyggﬁﬁ%%&gTnply and

accur at el yE&Rd ForoYOOesN@ TREPHEOBL Per f ormi ng the nmet hod of the
present invention. That is, - 4 - the present invention relates to

t he fol | ow01g] a¥eiatentorf BEIpndrcbddhtersite shidid aiétddadesdtt, they have found that
quantitatively determ ning a nunber of human hei pesvirus coll ected
from a bodpafpla; which penprisehaovirysis b gdiasyirativs that epsreadily 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,



(1) adding a standard virus to the collected body fluid, the
concentration of the standard virus being determ ned in advance; (2)
bringing the solution prepared in step (1) into contact with a

Vi rus- bi ndi ng substance, wherein (i) the virus-binding substance is

| inked to a nol ecul e capable of binding to a can-ier and is
imobilized to the carrier through the gl ecul e and thereby nmakes the
virus particles bound to the virus-binding substance bind indirectly

to the Cal{}{ $lsentd 1{1ve(n't1or} retlar%e Xlt reufgllbvlvﬂdl 3 ctsubst ance is directly
i mobi | i zed X O & Carrter an& ere% €S"the virus particles bound
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t he carrler fromthe solution prepared in'step (1
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separated carrier; and (5) evaluating the recovery rate by conparing
t he nunbefl)afldinpe stoddré wiredtoshearvdlacted badyuBiidyithiencontmtratorheithadtartdael virus
standard virus added in step (1), and determ ning the nunber of the
hunan herb@§%ﬁ@ﬁ§mé%1mé@Y%H@fron1the body flui d based on the nunber

of the hu her pesvi rus deter ned ste 4 nd. t he. recover
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capable of binding to a carrier and is imobilized to the carrier

t hr ough t kebstanteis directhyrnthmadbdized (o setkier andh theseby mmkesthe vViehsgmrtindesrgundto
the lectin bind indirectly to the carrier, or (ii) the lectinis
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(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.

[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 (i1) 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 determ ning the nunbers of the virus recovered
fromthe separated carrier; and (5) evaluating the recovery rate by
conparing the nunber of the collected standard virus with the nunber
of the standard virus added in step (1), and determ ning the nunber
of the human herpesvirus collected fromthe body fluid based on the
nunber of the human herpesvirus determgied in step (4) and the
recovery rate. [0015] Enbodi nent 3: A nethod of quantitatively

determ ni t he. nunber . of . human herpesvirus collected fromsaliva,.
e ot nolPieT R s taTBE nRb T S st oy B Eh b R Pigr
the collegted saliva, the concentration of the standard virus being

determ ned 1 n advance; (2) mxing the solution prepared in step (1)

with a bi ofjiciyh@ingdhd @E€dvier; fabytioidgimgthy hiikdBerPd tHelc6l1Q@Sed stindard Uithd&ith
with the biotinylated lectin, and then addi ng bioti n-binding

pr ot ei n- i theolbirbezadhdeadard e eddedtio stepkle, dndeleteimmmgplae tiinthee sf the imdan
to the biotinylated lectin bind to the beads; (3) separating the
beads fr ohspereirghialicrtoh rpmdhabedy flud basepor thy numper)of thedrrian heipeeiigas
deterninig% t he unbeﬁg og virus recovered fromthe separated beads;

and (5) Qpﬂﬁilﬁdm?ﬁ EW’&&VE??wﬁﬁ?@'by conparing the nunber of the
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in step ( ermni ng N~ herpesvirus

col | ect edpfhomihd&IRakd ¥BmRased tRMInddRRl iRUOBRE 1R ftehhEr human
her pesvirus determned in step (4) and the recovery rate. [0016]

Enbodi ment1)4ddiife staiddd dirace eeciol getédDsadiny, ti@nedntrefidost theestdslad vifs 3,
wherein the human hei pesvirus i s human herpesvinis 6 (HHV-6) or hunan
her pesvi r being d¢tefisdincd)in af 0@¢e] Enbodi ment 5: The net hod according to
any one of enbodinments Ito 3, wherein the standard virus is a
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accor di nge®egd¥bodi ment 6, wherein the lectin is
(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),
o2,6-linked sialic acid (Siaa2,6), and N-acetylglucosamine (GIcNAc).

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



- 6 - selected fromthe group consisting of SBA (derived from
soybean), SSA (derived from Sanbucus siebol di ana), DSA (derived from
Datura stranonium, and WGA (derived fromwheat gern). [0020]

Enbodi ment 8: The net hod according to any one of enbodinents 1 to 3,
wherein the quantitative determ nation of the number of virus in step
(4) is performed by a procedure selecteg fromthe group consisting of
PCR, LAMP, and ELI SA. [0021] Enbodinent 9: A nethod of quantitatively

her pesvi r 08I e e B O R AT ST MR ISSe, (RGN ¢ he
SLeDs of - 0fh).,20i0h ko) ShIRYAL o HoHSDIM BR8B! AN Shved from

concentration to t col'l ected saliva, such t e concentration of
the standamdat\erls is 10 to 100000 genome copies/nL, wherein the
standard virus is a reconbinant virus derived fromHHV-6 or HHV-7;
(2) m xi ng02Ae Ewbaodimen 8 Thpanethdd accosdirpto(aby ont dfensbodingdntsnlytodt, etlerein
lectin for bringing virus particles into contact with the

bi ot i nyl athediupetetetive deteraineemofdbiiureped pHYitus-ib bterl (4) ¢s performed by a procedure

protein-i mTobi i zed beads theretq to make the virus particles bound
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beads fromthe solution 'prepared in step (1); quantitatively
det er m ni nghidag thelsdg@rofof virus recovered fromthe separated beads by
a procedure selected fromthe group consisting of PCR LAMP, and
ELI SA; andl) aféing evahded vimgs ianmgragreletrmined tencoptrationpathe ngjldcted salivabeich
of the collected standard virus with the nunber of the standard virus

added in $taephecaycentigipngéthestandard girhis 1Aerb@1008 gerome depiga(l, wherein the
h i | ected f t he .sal.i t f th
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body fluid, the concentration of 'the standard virus
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
stramoniumy), 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



- 7 - being determned in advance; (2) bringing the solution
prepared in step (1) into contact with a virus-binding substance that
Is directly imobilized to nanobeads having a dianeter of 10 to 100
tun to make virus particles bind to the nanobeads; (3) separating

t he nanobeads fromthe solution prepared in step (1); (4)
guantitatively determ ning the nunber of _the virus recovered fromthe
separated carrier; and (5) evaluating the recovery rate by conparing
t he nunbe%.%fd%he.cgije ted standard virus with the nunber of the
standard virastadded PAY°%6h (1), and determining the nunber of the
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rate. [002fireEpRethemRiedtd handbkdds hivhg SuaRkiek 8 10v8!190 dRle ko Rg t he
nunber of human her pesvirus collectedgfron1a body fluid, the kit

i ncl udi ngpatécles bind mythahedbbkaist i n; and bi oti n- bi ndi ng
protein-inmmobilized beads. [0024] Enbodinent 12: A kit for

quant i t at (Vergardagdrananpbrgds ﬁ@nmﬂlﬁmémoemremawdm $ier @&ssvirus col | ected
froma bog% fluid fh Kit .includin

quantitatively determining the numbet 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.
[0023] Embodiment 11: A kit for quantitatively 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 (Siact2,6), and N-acetylglucosamine (GlcNAc).
[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



a biotinylated lectin; biotin-binding protein-inmobilized beads; and
a standard virus, the concentration of the standard virus being
determ ned in advance. [0025] Enbodi nent 13: The kit according to
enbodi ment 11 or 12, wherein the lectinis a lectin that binds to a
sugar chain containing at |east one of N acetyl gal act osam ne

(Gal NAc), a2,6-linked sialic acid (Siaag.6), and N-acetyl gl ucosan ne
(GlcNAc). [0026] Enbodi nent 14: The kit according to enbodi nent 13,
wherein the lectin.js | ect.ed fyom.the grou onsi st i ng.of SBA
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t he nunber of human - 8 - herpesvirus collected froma body fluid,

t he met hodmmobilineti toghd daeries ttlepsghahie molet)le bnd thgiehy ntahes tholineqaattids bdynd
fluid into contact with a virus-binding substance, wherein (i) the

Vi r us- bi nét g viubbindine substante biké thdirectly tatheescarics o &iptb¢ wirustbindinglsubgtancs
a carrier and is. immhilized to the carrier through the nol ecul e and
t her eby gﬂ%@ﬁ%}?@ﬁ%,edaam@%@ esiehy ks Hie P ButiEleHERRg o the virus-
subst ance  hi.nd iQSqi re t|d¥0 Q the carrier, or (ii) the virus-binding

substanceb!msdmcﬁs}lec%qcf/ Mo hielclarznéefj to a carrier and thereby makes the

virus par E(zz)csleﬁaﬁati}fg%ﬂ@camertf%fﬁ%rsbiﬁﬁ&m@,m& AuRsi PG bind to the

car net, ) separating the carrier fromthe solution prepared in
step (1); (Anfhant(td)veftdidriniahd e ko o tEivivud ScbVtLedfi®il fie soparktB®cariigls
recovered fromthe separated carrier. [0028] Enbodi nent 16: A nethod
of quant i {@128Y eExnbdditmenmnionAngethdrbofimualyaatively detamamifgsthp esuberws human

collected fromsaliva, the nethod includi ng, t he steps of:
herpesvirus collected from saliva, the method including 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.
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. 1 is 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



(1) mxing the collected saliva with a biotinylated |lectin for
bringing a virus into contact with the biotinylated | ectin, and then
addi ng biotin-binding protein-imobilized beads thereto to make the
virus bound to the biotinylated lectin bind to the beads; (2)
separating the beads fromthe solution prepared in step (1); and (3)
quantitatively determ ning the nunber of the virus recovered fromthe
separ at ed beads. ADVANTAGES OF THE | NVENTI ON [ 0029] According to the

Gt or m ned 5uchose BRret YHRYY S CREEh S SRtk YR Bl Poigbyie
fluid a”dtatrﬁ‘a‘%fcﬁ:? BEas [RHL BB s Qilflhn,da%g'ﬂ?eﬁ R vikds@uYr t@ﬂ%&ﬁﬁ@i&in bEAHS
ively y an

be quantitat eterm ned sinp nore accurately.

DESCRI PTI Gl &¥plithik TRANINGS [0030] Fig. 1 is fluorescence

phot om crographs showing the results of a test for nonspecific

adsor pti on of HFY-Bistfimotearmmue phatorhiemdmphditewing hbtesgtsadn teyp fir sffsdtovf
Mr-4 cells serving as indicator cells infected with EG-P reconbi nant
HHV- 6. Oneachsdiectiag t-esAft's DSde Lotus.ddAMb 9s PHArEb opegncenstagion pHdHV-6.  The
difference .in brightness of each spot depends anp.a. difference in gene
expr essi o “%W*?%%%Vﬂ?ﬂ§“@M§€f°?HFQEWgéﬁyﬂ“Wﬁ%C@gﬂ¥&ﬁﬁ%wgéFgﬁﬁ shows

the results after -6 .virus solution. (.st.ock .sol uti appl.i ed
to M- a chrp oV OnsphiSe Sichl o ime el B R e e S PRP
HHV- 6 Vi r yfamBl bl Qdh 6501 A6KendOb4 S iR)entBR gleﬁ&a%%ssibﬂbpthe QRhdfor W th
tamavi din beads in the absence of a lectin, and then the virus

adsor bed fdfedtidg).t amavi clin beads was applied to MI-4 cells.

Fig. 2 is fluorescence photom crographs showi ng the results of a test
for effects of BgchisdiuotescancaighotomierograpBAshoPB th oitsuiss, of leliddt fayeffBtdteE4
on concentration of HHV-6. The bright green spots show MI-4 cells

servi ng asadhpdiccingi-ce BHASLY, MEeL. Sd Aniot RS EQrponsabHioneA R 4PN/~ Bhe lpight
spot represents one infectious virus particle (th g% ence. in

br + ght nas 66 SeuoTos T xRt it olipr tals skt b REFR TR BL e of
the virus r} I . =1 Q. 3 ]S : I

phot om or St S OBk S kRspas . pfepouvinds b NE BIRRACEn behunessof o
lectins, kadhspotddfeddd on WalidrencSB \sen bxproiddbr ARNGRE bfi@lihRRid). HHV- 6.
The bright green spots show MI-4 cells serving as indicator cells

i nfect ed BMBOBIMENTS @GMDHBANVENANOR. One spot represents one
infectious virus particle (the difference in brightness of each spot
depends of0@1Hi Thepressoeinyentige mall bx gesedlzrdon fuwthet datailhelors af t er

infectioni. EMBODI MENTS. OF THE | NVENTI ON [ 0031] The present invention
will be de¥B?] bbdYethod ofrquantitatingrdeterminationef 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



[0032] 1. Method of quantitative determ nation of HHV in body fluid
The present invention provides a nethod of quantitatively determ ning
a nunber of human herpesvirus collected froma body fluid, the nethod
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 nol ecul e capalye of binding to a carrier and
is immobilized to the carrier through the nol ecul e and t hereby makes

i oot e BTPRESmAR B Pl o £ b bR LG paas e sers

directly 5gnnbilized to a carrier and thereby makes the virus
particles bound to the virus-binding substance bind to the earner;

(2) separ at)iaa@ink A 8tabdrll VRS bHRIBNIBESBId TR Y RRSNAG b LI IhERarldddd: virus
and (3) quantitatively determ ning the anount of the virus recovered

fromthe bepgdatmdnabinraidedce;] 0033] Furthernore, the present invention
provides a nethod of quantitatively determning - 10 - the nunber of
human her pAdvinging thegolusion prepited i sierbd oljntd ¢antagt withe vires-bioding selistrdirag

the steps of. (J).adding standard virus to the coll ected body )

f1uid, thév%e’eﬁﬁb@ﬂi? &‘F‘ilsotﬂn%% f%étag‘fealﬁﬁalfe& 1 P PpdechlsicARRbéR difReg ajcArtier
advance; ) .bringing the solutio repar i st into cont act
it h v POESURPREE ST gt B ARRCTR ah ot Pl ekl kg TS

subst ancephghd tb BeaGrut BiidFuEGAHE bﬁﬁriﬁch}e%ﬂ?{ol ol &Pﬁago d(ﬁg e GRLS-bRkingNd

is imobilized to the carrier through the ol ecul e an her eby nmakes

the vi rus sitant€ls @FeBUMILAIZLN® Vdaitigahi ﬂﬁfdﬁg nilasthanea fitides bound to
indirectly to the carrier, or (ii) the virus-binding substance is

directly ihevtusbimleg substance Amdite thezagtiet;her eby makes the virus
particles bound to the virus-binding substance bind to the carrier;
(3) separ &VisArprating teagariiasirom GeselHeonsuFRArs oA sispépared in step (1);
(&) quant hat el . el SLm ol ng. LS, DUIET L iG] LR SRS E Lo
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.
[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,



(5) evaluating the recovery rate by conparing the nunber of the

coll ected standard virus with the nunber of the standard virus added
in step (1), and determ ning the nunber of the human herpesvirus
collected fromthe body fluid based on the nunber of the human

her pesvirus determned in step (4) and the recovery rate. [0034] Each
configuration of the nethod of the preggnt invention will be
described in detail below [0035] Virus The virus to be

guantitatively determ y the nethod of the present invention is a
Vi rus tha?nfg%géﬂ%ﬁ?ﬁ%gﬁgv'ly i ndi cate human fatigue, and is

speci {1 cajdosen Yid HimATkoling i hohRIRE AL ARy meg Qirdd Vi R R
beings are intected, that Ts, a human hervesvirus erel na ?er, al'so
referred beingsarblii¥edted?r ef181NaBliYa vikRRaVihg H didnite® BEatut FO1n Vi I USES
selected fromthe group consisting of human herpesvirus 6 (variants A
and B of [3&h Bedywfdsdi rus 6: hereinafter, also collectively referred
to as HHV-6), human herpesvirus 7 égereinafter, also referred to as
HHV- 7), cyt omeghedhady dkid talbs enadgded dnl theumethohelithesesantimvétionampy be any
Epst ei n- Bar i.rus (hereinafter | so referred to as EBV.) Mire .

pr ef er abl 9531 i Geljeiedifiom i ving B?daYHﬁWh?,s blogdaligs terpperearairgasHpk.6.

[ 0036] The, human. her.pesvirus i s Q as. g, doubl e strand vir .
W thwini RO aE RER Kot AR e G BRRop 60, ity wSativa

di aneter q%,r@fgge& 39 Qﬁm@sm@%ﬂm@%& fidil ke analtyzed byTlﬂg nﬁﬁﬁlé{ of {h% g%;&g

be anal yzed by the nethod o e présent 1 nvention nmay be any

fluid col iBehtash is Blessimply éioh@d ROsh, "sewiple."as bl ood, saliva, serum
senen, breast m |k, pharynx wi ping liquid, cerebrospinal fluid,
ascitic f[a38] petsmetiatdiodnelldctag salinadotaxiample, Sakihva of sollpetafganuasby | n
this description, the body fluid to be anauyzed_by t he met hod of the
present | MURAE f Blraryrgeal| region Wifh laypwel fagpethefl efoBectiag salwadirectly speodBntoss
the met hod of. collecting saliva, for exanple a_ nethod of collecting
mious. by TG P et AU RH R e aChaDS B e CHOiF b an b
collectin Lva-dir I 2d. into | i,ng tube, or t.hod
using a sg??® &gaégfé@%ﬁg%%§@§%ﬁg%?f%%?%g%?gngyggFﬁfa%gHsngg%d%y

enpl oyed. pﬂ_tﬂﬁ% BRGS0 YR AGuPRhd WHrdRatisy RE BSEInWaifh salilh, il Sief BRSotton

saliva is collTected by putting cotton into the nmouth and 1 npregnating
t he cot t oimpkeglatedatithvalivai Grahdfaredtba cemtifipal hbpaRigRatihedid dvlisalthy a
is transferred to a centrifugal tube and centrifuged to collect the
saliva. [6089] The oral cavity is treated before collecting saliva

by, for exangle by refraining fromfood intake for a long tine and
pl aci ng at00B&kt Thegiralcarisy ¥ freaipd hefarsrcalleqtingrsdlivabel ipr samplcs by eiffaining Hom
of saliva, The nmethod of. ringing.the oral .cavity wth water

red at oFP SR ¢ fra® ot B pREiRLgF reShp R He i Wbt ety 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.



[ 0040] Body fluids other than saliva can al so be collected by any

met hod known to those skilled in the art. [0041] The coll ected body
fluid my be subjected to appropriate treatnent, such as dilution,
filtration, or centrifugation, according to need before the
guantitative determ nation of viral particles or viral DNA as |ong as
the treatnment does not affect the determination. Alternatively, if
the virus is not imedi ately neasured, the body fluid may be

refrigera r.frozen. for, storage according to need by a nethod
known to Eﬁ%&g gg#?é@@gﬁﬁgpﬁgg%rt until being subjected to
det erm nati on. . In'thé'%ekni 919@1%10 vt'hE Uﬁﬁsbblﬂgﬁslggub%ﬁgéet ﬁgggbusbagge ca abl!e Of the

present invention, the V|rus-8inding su ance Is ance capabl e

of bi ndi nirddthgad afHUV. EXBARHRS 0P s@sﬁﬂ&%aﬁm@o%ﬂﬁﬁ_@ aﬁ]EH}lP‘i’ ALY 1dc@ins

an HHV include lectins and anti bodi es agal nst the 0043] In this
descri pti end artibeditesguinst e HHV. refers to a sacchari de-binding protein
that recogni zes a sugar chain and binds thereto. Each lectin

sel ect i vell§048] nkisthis deserippens itfej terms Uepsin" eders o a §a0cadijle-Pinding eoatéin thas ed
in the present. invention is not limted particularly as long as it
can bind {EOSHZISRUEH GPalR angbiadsthgnsioy Fattelestimselestiydhybiadhiogepemiic sges
to a viru%hgg be quantitatively determ ned and showi ng a high
recovery rate of the virus. More preferably, the lectinis a lectin

t hat bi nd a ' b piopg: at: ST - -

- acetyl obl aal onar R P kGRS B R o i AGTRf PR Sy podong s g

and N-acebytldgd weHEMTbEs pff@MAE ) 1308 hinind®Bish RIFRES kP M¥usdo be Ghdnfitatively
selected fromthe group consisting of SBA (a lectin derived from

soybean, Wdetachingl sxdghowinpaihigh rscoyeany reteaif theodms.ai Moiegpreferably, the lectin is a
N-acetyl gal act osam ne (Gal NAc)), SSA (a lectin derived from Sanbucus
si ebol di a&tin Hlahbindgioqsyeat chtacentaisingat leati ahpoRgneaylailngoamin: (Gahkd,
sialic acid (Siaa2,6)),.PSA (a lectin derived. from Datura stranoni um
bi ndi ng s&g fhri#ﬁ‘gflﬁ]%‘) %‘Efb&la“@kéi de%ﬁ?%ﬁﬁli“ﬁﬁawgééﬂ%@g 6&%@%Sh%fefmbly
(A cNAc)) WEA tin deri. ]g&fr eat ger bi ndi ng sugar
chai n: suazlffmgﬁal rtld((:%?] glferﬁrﬂld) C%-n%ilgétg qugl?c@g%%nﬁign f(r:q{}%\%gylb?fgl’ Elingllngc
aci d) . | nspAF tlafl! s@dar chdin EoiRaiihE MSadeQ 1R cANARNE tALINKEhYsdet ALt vES
HHV- 6, thé ecfinsﬁgwﬁnﬁg prefegab?yaggAcor MGA? [004?{ fﬁg anfpgbgy
agai nst afrolddmbaed siddoldheapsiedieftugandtant sQar timin@ntang 62 8laktYsialic
limted as long as it can bind to the HHV and nmay be either a

pol ycl onakcidf¥inddb e, DSA éa koioddrivadfromdryodyamp@dachinding sugar chain: sugar
vi rus-bi ndi ng substance in _one enbodi nent of\%ggdgresent i nvention

may be us&lpihgonianpg Ngicewsalnspsiming dricN2Aeh, and Agciip defieg4imm wheat
anot her enbodi nent, the, virus-binding substance may be g&,b bei ng
ndi 1 ect 1§ CP L Ug g g N e Ospte BIENAC) or siale
| mTDbl liz iH)(.)n Th axﬁfgﬂg{ it gheOJiruts I&ﬁ%é/ %Jaﬂﬁtéméyhg%‘lﬁ#e%% gﬁcﬂfe—@qﬂg lezﬁtri1 Fis more
carrier through binding between biotin and a bi'otin-bindi’ng protein.
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.



- 13 - More specifically, the indirect inmobilization of the

vi rus- bi ndi ng substance to the carrier can be achi eved by

biotinyl ating the virus-bindi ng substance and, at the sane tine,

| inking 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 inventiqgR,. the carrier is not limted
particularly as long as it is a solid or insoluble material (for
exanpl e, mat eri.al . that. can be separated.froma r.eaction m xture. by
Fr It bac] oMoTR e Bt ARRS e bt RALEL e FOT-Cofita isisr figCatie?

[ 0049] Ex - i.al G gt J i Ler 1.
ol ude, oo Gt IR B QR il AShtR o8 ol BeSBRE il tnking

t r adenar K}he Bibtin-Siamk pHdt6is o th8 8@TRS 85the Ringidf IdahaSHndihg ke dicthad teal
agar oses, dextran, chitosan, polystyrene, polyacrylam de, polyesters,
pol ycar bobatiesindnd prawirdes, pol ypropyl ene, nyl ons, pol ydi vi nyli dene
difluoride, |atex, silica, glass, glass fiber, gold, platinum

silver, coPdér, Cawigh, stainless steel, ferrite, silicon wafers,

pol yet hyl ene, pol yet hyl enei mj ne, polylactic acid, resins . )
polysaccharidesﬁ”%?ﬁ?gmﬁng@F@z@58PEEW§H¢ﬂH@&ﬂHBHPu5HMa%kﬁﬁ?ﬁéfﬁ%ﬁ%m
t hereof . [ 005 Exanpl of the shape the solid rrier include
but ot 1 PhEoHE SRRl e a7 P ERR e T b fep sl
tubes, fi oR! il ' bes, and sensor
chips. A g gﬁ%?ogg?%%&ggggﬁgggggﬁggmggﬁ%Qfﬂ?ﬁqgﬁkﬁior a plate, may be
provi ded yo4b Ewmﬁe@aameanataiieu%onsﬁﬁﬁage&,soﬁa tdrAEr iBELdD BB ardSot KiRRA to,
in the art. [0051] In one enbodi ment of the present invention, the
magnet i ¢ behdissechaflohdnegis@resiptrdemerdt), nitrogplbtlese, agardske hightygeossflinkedom
about 10 rimto about 1 nm In a preferred enbodi nent, the magnetic
beads havéphgrigsl aggrpess, deptram shitespy @slystyrene.grelapolamids palvestersabout 1 mm

and from about, 50 nm to about 100 p. m The size._.of the neti ¢ beads
can be seP®¥FERORESRHY %Sop%gel?ﬁ?ne’ o1} e Y#%Iﬁ.yhfre@eg%%omtiﬁ&% >3
enbodi nen re I nt.q d f i ghlv,.

cross-|i n%aagg’ §%Hs:fél?eé’a%% ?d;églrug&s(rg’s%ﬂk'glnﬂ% %glggréré’géﬁaé? gsggfe%% gen ea%{/lécog wafers,

di amet er %)Bly@th{/@%g%orlgffethmreﬁénnﬁfé?wkly%é’ﬁctafaid@ii&hﬁlg, p%%éaéémridga p’i‘ot%@&?g.g ed

enbodi nmen the highl'y cross-1Iinked spherical "‘agarose beads have

di amet er kibumin) adagenindf doaibirakionttheddoft 0 about 44 um The size of the

hi ghly cross- - 14 -
[0050] Examples of the shape of the solid carrier include, but not limited to, beads,
magnetic beads, thin films, microcapillary tubes, filters, i)lates, 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 pm. 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-



| i nked spherical agarose beads can be sel ected according to specific
application. [0053] Exanples of the solid carrier having a

hydr ophobi ¢ surface include polystyrene | atex beads that are
comercially avail abl e from Pol ysci ences Inc. or Spherotech Inc.

[ 0054] Exanples of silica (Si02)-treated or silica (Si02)-based solid
carrier include superparamagnetic siligg _beads that are avail able
fron1Ponsciences Inc. In addition, M 280 can be used, which is

ragnet | ¢ HBACY é{ﬁﬁ% %%%S%@%ﬁ%ﬂ% SR obh ol GRSeluplarRhes of the

conmer ci al

Bi omag ( r %qés er e ﬁ'ie %59%%?‘5@ 91%%%3'] 3&%8%%9 %M@ggg}’%ﬁnﬁatex
avai | abl e pb4® mﬁaBaq@g:smh@b&ﬂgi faYabldGom POlyacleides B, ordpRdBtegRhcbe used,
which is comercially available from Dynal Biotech LLC. [0056] Direct
bi ndi ng ofl0054} uBxdmpiel afgilien PRORcetednd sitias (310©5)-based solid barriemiaclude

enbodi nent of the present invention, the virus-binding substance
linked di semsrpayamagnetivesilicarherdsithgare deilabietiom Palystitnreg bise, Irfaddition, M-280
vi ewpoi nt of increasing a |ikelihood of association between virus
parti cl es &hbe used, é@hl?lhls .cmrqlqﬂzféaal&aaferfr%? Dmﬁéﬁeta?h ket shoul d be
nanobeads penni Br.owni. an | on.

cpher car [5ahe Falr it RashE aae Pl MR e G b0 fefor e
pref erabl Xoﬁ&&f&eﬁﬁ AvRilabR f?(gﬂ’l PbiYs ﬁa&g{éést ﬁn@ Nindbh &ﬂe%a&@%?&omg (fégﬁf%péﬂads

preferably contaln a magnetic teriral so that the nanobea an be
col | ect ed tieafdrkycaokil mdPRGREMCBEXARER LS/alibld fi6m PRASPEMIFatdrh Ghdiden
but are not limted to, magnetic nanobeads, such as MACS M croBeads
(di anet er ad&ifomn, IMAR 7@ vai Healsbd whidns Mrhrtrmm;ailly BiolableHrommBbyndl Ba@edh ISiGice
the virus- blndlng substance is a proteln in many cases, the

vi r us- bi nd0®§] pPaeetibmdmecpiivias-bindmgsubstange and qaititked by a coupl i ng
process between_a protein and carrier kno to tho illed.in the
art. For exanpl 8° “@H’El Bigea; of tg‘?nﬁfeﬁ‘?éln&%{?‘rofl © LAt IBBS% é@n inked
modi fyi ng dgegtgctgt[ﬁe calri ealc'gr}c $ifed © I%%hlg gasg)YFo%%(gwe%g%%(Xil mtgr lﬂgeliﬁpo%

surface an ox I

protein ing E.‘J?,Smﬁ’cf(ﬁ%ﬂ%n erusl zﬁ’ﬁaé’slana a(lg{:'tm-lmmoblhzed carrier, the carrier should be
d|nethylanlnopropyl)carbodllnlde (EDC), which is a cross-Iinking
reagent. AhiicbeiditafVlz¥ that pernets Bl Ean mbeorC arihe yyferegdapRaical didh&er of the
carrier surface and the am no groups of the protein can be bound by
activel y estdberdsyanggs fihm 1dao BOXyi, gooypsferblytiven d@tori0gm. sdnfaédiéorbyn N-
- 15 - hydroxysuccini mde (NHS) and mixing the carrier with th

protei n i Migcisafthepanopeads a@&gah%bﬁorﬁ@ﬁmaﬁnﬁg %ﬁ*?f%?éﬁ%/thah‘ih%af@%’%ﬂ&i§§afhb?d
having a p 0058] rou

the car i EPISARRY 3l 4 HRERh AooigPlsn b bE Fedhend) osfertie i Wb ikisy
by using I

suber at o) TSR BEpYTENE B SEREKLs é%Bé%’dg)?&Mtfef’Eg@&g‘r\%}agl‘éé#m Miponyi
the carri ggiotseffhace and the thlol groups of the protein can be bound
usi ng a cross-1linking reagent, SPDP (N—succininidyl 3-

[ 2- pyri dyl[@is7hi Sinpe thpivinsbilingsuishddSe is a protein in many cases, the virus-binding
(N-(4-mal ei m debut yryl oxy) succi ni m de). [0059] | ndi r ect bi ndi ng of

Vi r us- bi neraignsubegaeier eancedimked e a coupling propesa heiwher a pioistidnderrarrist

the present invention, the virus-binding substance |inked |nd|{ectly
to a carr |k§?WPr€ﬂ/t B sﬁglge in the art.  For exampl€, 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-



[ 0060] For exanple, the virus-binding substance can be |inked
indirectly to the carrier, by being biotinylated while a
biotin-binding protein is imovbilized to the carrier surface, and

t hen by being bound to the biotin-binding protein. [0061] In this
case, use of beads as the carrier is preferable. A spherical dianeter
of the beads is preferably in the ranggsof 0.1 to 100 pm nore
preferably 0.5 to 10 inn, and nost preferably 1 to 5 p.m [0062] In

1SR S AR St

acid]. Th F@g@ sified into a

Vitam n ngggg%'g |sr§@Bgf gf%&%ﬁan a fgyf %f called Vitamn H or
coenzyne R)(58] SARBmSR%ES the BAEndE@hsblhd Whsridr Quiditke @hd‘the\éﬁﬁrﬂ'grb%sb?t}ﬁ
gl ycoprotein contained in al bumen, with very high affinity 063] In
t hi s descproptin oam bet linded Bynsitida afossqhnladxmagdnc IBSdes[lsulcﬁctsumlaﬁﬁd}ﬂ)mbmh
as imnobiotin (Hofmann, et al., Proc. Natl. Acad. Sci. USA, (1980)
77: 4666- 46885 ( léltfétnhmdlﬂli S@berntel lair heceiminaegrowps, of thkrraitier Binfashend the (dg@loz)
308: 343-357), tin, % tin sulfoxide, in addition to th
2bove. menEibe’ BF BRGH Ca[ﬂ% L R T BRDR (R suesinirmidd 3z

| ectin na

of u;able P%Rlny%% 1%@%% ég gWﬂé %hgf%gkrﬁ§¥é%% g@%d)gfgrgges

product s (mgparnaﬂw%ﬁl%g otfklﬁué bl%r%& 8B @l Teactive group in
this order), such as - - EZ-Tink (registered trademarKk)

Sul f o- NHS- Bi ot i dli&ﬁeﬁen?oodﬁﬁéﬂf@f&e@f@s&ﬁ)nve%i—tlﬁkfn{lﬁ BRI R Ehnce linked
trademark) Sul fo-NHS-LC-Biotin (22.4 A primary amne), EZ-Link
(regi st er edliteethiemeakier Bay bousddS- LCLC-Bi otin (30.5 A, primary anine),
EZ-Link (registered tradenark) PEP-Biotin (9.6 A amne), EZ-Link
(regi st er &P%P} a r?éalny lefhe wirg-bindipEgbstagpegan e fipkedindirecilyfoghe g&r@@rp)vy

o oup) . ESTE RIETpY EgH SRAF &K i Ry e i RO pReRk 0 esRre rge gn

° l k) Bi ot d d
b A (AT, Byt 1o 1 o
Bi oti n- LC}GME&G tﬂfs‘ cﬁs%%s% ofbek g@ﬁﬁ}é Q%lglri@%k)fera@}@d ﬂeh@i‘l g skaned

trademar k Imnobiotin (13.5 A prinary am ne). 65] Using such
bi ot i nyl abéls iy af@ebly, in therander df 9- 10io 100 Neh, ﬁid)bé}ﬁraﬁf&lﬂuﬁfb BBud, dndGhidsh
can be linked to biotin by a known nethod. [0066] For exanple, a

bi ot i nyl aviefmablgddgehtmcont ai ning an NHS ester is dissolved in an
organi ¢ solvent such as DVSO (di met hyl sul foxide) or hosphat e

buf fer hali%g! pht thisgescaipton, H@ﬁelﬁrhéﬂ@m it 3 gﬁﬁl@iﬁéﬂ%’d@{(é fﬁéﬁexahydro -2-

| nked o thaH R EPaRgo st ularcdn TR b anyrer R ER 3488 nen
a bioti nyl:l%&élf?ﬁﬁl éﬁ@?&r u%%lﬁn r@'t',l éﬂ?lgs 91@3 &Qleg V?t%ﬂ?lﬁl B ﬁéa?lgd V@t'al(ﬁ}d Ig ofmy

be linked to t substance irst”c angi ng car boxyl
groups of cédeyMe RUS sthdeliseg %@%Io@ﬁ%ﬁldg w:&mdaﬁ whibleR id NgllCopR&itin\¢Bntained
ester using a carbodiimde such as

1- et hyl - 3ir( @bwthere Wit varyi higipat@ipigy.) car bodi nni de hydrochl ori de (EDC) and
t hen addi ng the biotinylation rea%m@t di ssolved in a buffer solution

havi ng a pH68f hlﬁbkﬁlde$rlpt§0rs Hieden | mb|ah;dm@dgmbtgtnam@éogs[sm@mpmmoblotm
| nst ead, %e b|ot|n | at ed virus-binding sub nce su

may be puﬁ Pfnapg o p |Jﬁr0(f Bﬁaﬂe&%ﬁg UgAleSQ\)ﬂﬁ ] %66?74@68)agesgnoblotln (lesch

biotin-Ia ele e the Dbioti rus
subst ance iy Be- Bl i) R F By et HouB st HulilR A
Vi rus- bi ngh NG SiBstaNg&iPY usi ng a biotin labeling kit (for exanple
t hough not limted to, EZ-Link (registered trademark) NHS-Lc-Biotin,
a product [0b4Pi Bliccrusbendift suBkteide Budhodd@l1édti@ nitdytbeNidliny Ritddydidiak aof
Doj i ndo Mol ecul ar Technol ogi es, Inc.).

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



[0068] Alternatively, for exanple, a biotinylated virus-binding
substance such as a lectin may be produced through fusion of a gene
of alectin to a DNA encoding a peptide - 17 - conprising a

bi oti nyl at ed 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. jgi.ol. Chem, (1988) 263:

9640- 9645). Exanpl es of the vector include, but not limted to,

xanpl es o e, but not | f
i 01 ogon2rnk (AR ERR ke DRETIR Hibed B9 A pifiel By PP S2E For

manmal i an (e ehler RNERRKPIANAETIORHEIEON A Sfimbry fithd), EXREASH Mered
and a pMI/ Biokase vector for Drosophila expression; can be utilized.
[0069] | N tradi@naRk)eSedtNHSY ELIC-BibindB0/5 Bl pli@hyanted) AH-2irkf (rdgishaléang t o
biotin to formbiotin/avidin bond, such as avidin, streptavidin,
neut r avi diradendvi RiPeBiiin ({ 8o einiw), EZ-Link PEFiRlered 63ider68R) BlaR)mide-PEO,-
bradavidin (J. Biol. Chem, (2005) 280: 13250-13255), rhizavidin

(Bi ochem Biotin (294 @% phiglgmour3 gvZ-haw) (registgied rasiemark) Biptinai B Qerdmine kel 4 85 |

e pref er RPYREGH)- S2rHoF URR-re gk O R Ey Loy spur TR CubeST"
mushr oom CO03009 DTS 7 Ak CpPAF AR BEeNTS P4, L3Rl ShB) B Link

1383- 1397 )regifdrdalBh &k PBioting LAY HaRHe @4, 1 AMBYdhidgbsp)AdEZ-Link
affinity/low non-specific binding tamavi din (Japaneése Pat ent

Appl i cat i gregidNRred2AEmARBNES, Infitibigtat(1PoR, pshad)amih®070] The term
"tamavidin" in the present invention refers to tamavidin 1 (an am no
aci d sequ¢iié] BEE bwhdtinykflomreagait,sheviasidndegswbsteaccendoadiadgetin can be
thereof: SEQ ID NQ 10), tamavidin 2 (an am no acid sequence: SEQ ID
NO 13, alipkfdtebiotiadyd kagynardodencodi ng t hereof SEQ ID NO 12), or a

variant t f_Speci fical.l t he tai navi di n of resent invention
rmy be. tyBIEET| TTREpBe HoM AR S RGT Er athes NIES e R Bt i e
ID NO 11 b . I L £1.8 |
conpri si nafgaﬁlglg%’ (E:IPesglﬁ %itja[%\é{ ggé@ﬁ%@%%ﬂ %’ég%? %df%c,@% ?eoﬂrhlﬂ%ligvﬁﬁgq 912.
Al ternati ¥gd dhen tHR&oluBRMIadidH ©fthd iR BiRBS Hubdtihee BEdhoR aTRYinPR tBat biotin
protein that is a variant of the protein conprising the amno acid
sequence ofin IEHQRKeOtdNBR vilds-aindibguHstndNO. Al rmativélidn preadeaitien @ biitetiby
a nucleic acid conprising the nucleotide sequence of SEQ ID NO 10 or
SEQ | D NOreagontgpefainigtanhasuis io tied- iptimlinay babnkedite thegirms-biading gubstrace

of tamavidin 1 or 2 or a high affinity/|ow non-specifjc binding .
activity. %’r%f% GRS cEvexdeEups Bt 1hgryiruy-Binding dubstapce ughas? (v 0 actiyy o
vari ant thereof may .be..referred t ectiyely.as tamavjdin..,- 18 -
(0071 TheSoamma PR A TR P ng an
am no aci : [ ' - : - :

2 1 on ST g Rk e PR b ARG 1 DA 3,
I D NO 11 he¥ind 8 pHd abiiit b A@sadd Pinatiindike fk@gceact i vity simlar to that
of tamavidin 1 or 2. The substitution nmay be a conservative

substi t ut [@%7Whbsead tispectifylaedvitusdimaiingbubgsicd wech as adedtis tmdyicedrdhysed

resi due havi ng@si m | arjva_hﬁi ochem cal characteristics. Nonlimtin
exanpl es &Pm; e cgdnRler vt iMils Bgbastd hielin-bhelphlertite Atarativeltthepiotinylated

Sibstt Tt s oy SR A kBB PP
Do MR e, RS AR SRR bR DA O ¥

substi t ut iQpisteldsREthAR) NARY. OB H Srb@R: 6f Piddl BR, &CBid{iS) alehilg R&-NH2,

produced by, for exanple, induction of site-specific nutagenesis,

whi ch is apvelubt-dMaymds BohseuEtechhblogiegtaipl e, see Nucl eic Acid

Research, Vol. 10, No. 20, p.6487-6500, 1982, the entire content of
[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



Genetics Conputer Goup (UWGCG . Preferred default paranmeters of the
GAP programinclude (1) scoring matrix, blosum 62, described in

Heni kof f, S. and Heni koff, J. G (Proc. Natl. Acad. Sci. USA (1992)

89: 10915-10919); (2) a gap weight of 12; (3) a gap |ength weight of

4; and (4) no penalty for end gap. [0075] O her prograns for sequence
conparison that are used by those skilligd in the art may al so be

used. The identity percentage can be determ ned by conpari son of
sequence infornmati

AST d b
By Al T schiimEtn CoR LR cauie BoRTBeon g sTors Rl KT S

program c i

Bi ot echnoI% rp&iolr%f% g?nf%s][i %ﬁ(%@ {ﬂﬁ tﬁee%?\ﬁg'gé E ggghlfeah?]of @Ch‘zl%ﬁt ajl.)’ '
on the | ngsiN€kom. E@Qk@)@@@@@b%ss)( pﬁ&ﬁﬁﬁ%@éf%e Ffor gl But nSALERIAI tBY
by the BLAST programis shown in the site in detail. Though t he

condi t i onsectory cheainingiafBiebasp grddembiky fagswhiek N aygodienef avitpgésine. Among
perfornmed using default values. Furthernore, the identity percentage

bet ween t werhaieriars, ap¢ldNAdyedeamads origgtobgor darnatian eell erprasgjom ankdd PArector
such as t enetic informatigon processing soft e CGENETYX Ver

(Genet yx ?ﬁarﬁga Ay FREFSSIRTA 2 GBPA AT vackT Qré?roao %%?‘Pr%Fé‘P%’Lﬂ"‘P%%P%Q

may be us e screen 0076 The e _bet ween
two nucl e:ﬁgo gﬁc)lgl rﬁgéehlclerlgeréqg)ﬁ {)né/pémtlﬂel? (r:r?prélle gy VIS QO loflrléog%nﬁ on and

mat hemat i %ﬁj’tmﬁ%@ﬂﬂﬂgcﬁiﬁ' Ql@h a§£V1dlﬁ%1%pt9§1@fneﬁﬁﬁla¥1dlﬁt R@Rslgig{éﬁf'@?ochem I,
information 1s conpared using a conputef program A typical and

pref er r ed (zo0aP3632 60P6 DY Baddvedid (TEB. mﬁﬁl(mmgk@g@zm‘ 13236), ggReidie
conmput er group (GCG W sconsin, Mudison), version 10.0 program " GAP"

( Dever eux (Betheat. J,, (20} 405A89 B0 Retsmavidib 98 vatizats 887pf, nidyipagfetably e used.
"GAP" program_ in addition to conparison of two nucleic acid
sequences In pEHB %’@ﬁ“&fﬂ anglats yAsianss ceibg Pederalivend. adamedfipay # BgHnof a

nucl eic a uenc an a no aci d uence can be perforne
00751 1 o Bl e VS R S s e TS GraraBie T PRERbIe

i nclude t i-Cld if 11C S

Appl i cati gﬁls%un%&@ﬂ)%@%7 I aﬂ%-l/)ée';{t 51 Pgﬁég()b@%@ﬁgf%ﬁgl fied

bi ot i n-bi @Qér%ge Bf @B Qhrihn® b ALIHATS RiBh @fﬂn’ﬁ?/l@& hh- wﬂem@e&mmaﬁh in
SEQ I D NG , an am no acid sequence” having one or several am no

aci d nodi f(Ja@ﬁﬁeB@Paeﬂt A pphitasios dPURINBE2 08766 hoByst peblBkéd). sequence havi ng

an identity of 80%or more with this - 20 - sequence and showi ng a

bi oti n- bi H70y &kt fewn {'tpmavida' éi the presend invieptien nefesy td Gasavadih & (areanihe aoil

the follow ng gr oug: Ié\i@an ar g| ni ne resi due at_position 104 of SEQ ID

NO 13; 2yeaensespRa IPAQ:ghlea guclgp asid segyence pnegdingrtaeiees: RER IDNO 31)0)aa

| ysi ne relduea osi.tion,26 of E@i@)

resi due a I?ﬂ}’é‘}“{l ? 6 af%,m%fw%%ufxﬁe I\%)B a huc?elc acul sequer}f:e encodlng
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.



are substituted by an acidic or neutral am no acid residue. [0079]
More preferably, the nodified biotin-binding protein is selected from
the group consisting of: a nodi fied biotin-binding protein
(RLO4E- K141E) where, in SEQ ID NO 13, the arginine residue at
position 104 is substituted by a glutam c acid residue and the |ysine
residue at position 141 is substituted gy a glutam c acid residue,;

a nodi fied biotin-binding protein (D4AON-RLO4E) where, in SEQ I D NO

13, the a rtic, acid residue.a sitiion 40 is substituted by, an
aspar agi ntteli Suariel Ranatfyf noRe e dnisp 2pReRREdh Ar 130 Huence
substi t ut gd.:hy 4 UL ANk GHAEE i v addit; bl A i

bi ot i n-bi ndilﬁ%a%?tglt“é%‘ﬁ’g?%ﬁ%%ﬁ%aqgﬁé?%‘f“‘?“n‘.’f§E‘€gHF‘%b‘ﬁ6mi%?‘“‘%sﬁré fhe
aspartic agii dcebicgutdcabft SIS I NeR 140r il $ asdiRS trigtdiiSich-BMdiad a @SR sAgiaP &
residue and the lysine residue at position 141 is substituted by a

gl ut am ¢ d#weit df tamavidinel; orénd The substitudommdy bé e dosehiive sobsiititivg vidteed 21 N
(D4ON- R104E- K141E) where, in SEQ ID NO 13, the aspartic acid residue
at posi ti epPecly duaing pdid rasidye sgubsfitied bispresidye hevinesinduehysipehemiagl ni ne
resi due at positi.on 104 is.substifut by a glutamc acid residue,.
and the | 9&5?%@48&%% dﬁ&n&fmﬁ@sﬁwaﬁs fitge pensgryiid %Er%t@al%yn%udojwu‘es&mtlen
acid resi | -bi ot 1 n- bindi n rotei.n and th rrier ca
e 11 nked By s PRgoac Rl BB o s sl Fp et

which is kppweutg Aihose ls&’&ti%uéi@%bét@ze%r{@lﬁrr&simﬁg’Euc‘ﬁ)%@%luﬁl s&b?l?cuf?&pl;e?\iv&n

and the carrier can be |inke y nodifying the carrier surface so as

t 0o expose LgankbXid, GUr @idosspabr Glaens Wsh.ace and coupling the carboxyl

groups to am no groups of the protein in the presence of

1- et hyl - 3{¢@2di Wet vaplaarhiyndsfrtiopysubgisutivodinsariics atdZDCGddgen wf Aginasicid(s) can

cross-linking reagent. Alternatively, the carboxyl groups of the

carrier sfPEdacedy, for gxanple, mdugheroigitensprsifistmutagengns Fdiigh ig awelknown

bound by actively.esterifyi he ,car boxyl s..of th i e

oorace by b BE Sals MRt AR RS e YR QOB FRRS I T e
rotein i r - - i :

Paving a SrsrbeorkAgh iP 88T Rl MAR BB AR AP offifine o

carrier suyfifdagse Sofird MR hiddQ4RRioR  tht REm PH @inbrE ANinBGcRPUREUSAY a

cross-1linking reagent, BS3 (bis[sulfosuccinimdyl] suberate) or DSS

(di succi niamimbydcidsartaatiad £1gs; tha allawnideletic, ousstuddn, ifkertdal dnde additideisyethe

and thiol groups of the protein can be linked by using a

cr oss- | i nkitqgpecidisgaragenSRDP I Mditiane theiterindiphe 8t fndre amino acids” in this

pyri dyl di t hi o] propi onate) or GVBS , _ _

(N (4~ mal SFSSTRRHURSY SFGAS PRaft YR Hiamine, 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



[0082] In a case when i mobilizing the biotin-binding protein to a
carrier, various comrercially available carriers having various
functional groups at the surfaces can be preferably utilized.
Exanpl es of m cropl ates having functional groups on the surfaces

i nclude, but are not limted to, naleic anhydride plates such as
Reacti-Bind (trademark) Maleic Anhydride Activated Pol ystyrene

96- Wl | Pl ates (Pierce Inc.), active amno group plates such as

ol atos suds LA e B A BhGT- D oRTwb it gty ee af G GAPhSehn
bot t or Catlbsmde((%tu@gmaﬁ@kﬂb utf?azcaescnbéagﬁ)ﬁenﬁta i §&MTRf ﬁxkgﬁxf‘@l(ﬁr%co‘c

m cr obeads having a functlona group on e sur éce I nc not
linited tNathhgdd. $cicUSASEIDNKRH 160038109 £9)D@RHSars WEBhAST 156(9%% Rngth
(trademark) (GE Healthcare Bi o-Sciences Ltd.) and nmagnetic beads such
as Dynabeackight bf fcieditd)kp peirttydbr dndgap.. The bi ot i n-bi ndi ng protein and
the solid carrier can be |linked in accordance with instructions
attached {¥7heOtur piograms[fooBayens¢ eammasisen/bhtare wsedirp hose efilledrio the art

bi oti n-bi ndi n rote b|||zed carrlgr include, but not limted
to, markef™¥ a%P d l'féeté gtl}E Bgtyr?ie@?’btﬁea‘taé dgtegninedyconpapsqspfiequence

gt6r ﬁ/lpz:?\(;i \ﬁ}{éf?#?%ﬁ %aingfé e Dl A[ﬁgprgjgrg‘rrr]ld eg\lclfln ed F?}t/ %;?tg }é gg \ n(l\g_o f:.it ed
Dynabeads Md%8ﬁesst([9§7? ay. '3@8@3&@% nathd B64rafdn W@QM%&E’&M@B&%"@H&% n

Beads (Pierce Inc In the case where the biotin an

bi ot i n- bi KWhtegfop B@dtajhnotagyammtnausleqqcmb er DNAIDatl Bagk agrawbﬁsjmg Snahél
the carrier can also be indirectly bound by, for exanple, |nk|ng t he
vi r us- bi nditergets ulblsthagraditions @amtelr:d Ifcmedd:rmgy sceecRinAGY et BIGQASD program is

gl ut at hi one- S-transferase_( - 22 - and also linking the carrier

to the corSIF‘e’é‘b’&ﬁEfi s HNrietNtA Ylwrlglr the sendigensmmay b&émqsi}ﬁedamtrallratsq@enmg
anti body, t he |rus bi ndi n

t then b
et oo R 1 SRR bl S B D RGO Mg
met hod of M@ﬂh@%ﬁ@t ey %éy%%’de{eﬂﬁmgfﬁs%/%ee( ¥iokhoudh bl Ll 1 0 De

quantitative eternt i's not necessari nd nay vary subtly
dependi ng ifFOmSA0R bR RMP 605 GENTISTY X N 17aeRy &{0&’ cb@bsyh S F:&'@f gfore
not exactly constant. This is satisfactory for the purpose of
apprOX|naagonMErdnmahmammpﬂeﬁmmMﬂhﬁnmgﬂmum&uﬁrﬂﬁsaeahmgle occasi on.
However, in order to quantitatively determ ne an anount of a virus
for eval uki07ah Fespidentitapetcéntang beterem fed iugleis adid seqsenec®s baxytetrained by
nmeasure the %nnunts of the virus in body fluids collected at certain
i nt er val s YOPatRsRECUORANY Brahsmmatical @W‘ttﬁloéo?i?p@?f%?fe’@b ¥ ﬂi’é SRETAS S.
Varlatlonnﬁ&mlgjnmcgglg& urlate the%efore caugf ? gntmhlch is a
difficulty in the compart sone 8f THEHMBURAY's tyWﬁgag pryLerief) gpmpyer
successi v rough
?f&éra%) s tﬁézmoﬁsﬂg?ﬂﬂ dfttl?e RIEIRA fogﬁ)f.t{?e; gPO P€ gacrbo% # g

investigation, the invento ave s ccess the pro ’em by
i ntroduct Midish), Rersiys I @0pafgran VEARS (Hdefetk, rh@-falt Nucl. m&t&rﬁﬁd(m@aﬁz 387).
"standard virus") that shows a recovery rate simlar to that of

virus to DbeingtlantGARt proetayn, deddditivnne dorapedisad dfiws nirelag ucdneqieneds, a
nunber of the virus to be determ ned and a nunber of the standard

vi rus i ndepepRIEaR phivigreino dbsdaseicayndenulipelionof a spdeit feid a¢qugnceand an
pr edet er mi ned unt of the stand%rd virus is added to an initial
sanpl e (farﬂeiﬁﬁﬁeewneawp PEPEYMEdt he et hod of the present invention

i f The d.b
amount | of (0nd) oRafepbtfe HFGROE habBledol MRl PR IR e fwime
anount of tahﬂeldﬁr?ﬁ@&'lﬁ&ﬁgn§ E%@%@a‘t’én‘t WSplickhén ﬁH‘%‘@E 2@§ é6h§ nrﬂﬁ)hﬁhed)

virus could be accurately erm ned constant y by nu t|p

measur ed (@ Afmddifedtbast@eindlihg prdtetycdnbgnii@ sl fhi@6 atid @équ%ﬁ& seCRAM el Y
rate to correct the neasured value of the ampbunt of the virus. [0087]
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



recovery rate, measuring the target virus to be quantitatively
determined in the other fraction, and correcting the nmeasured val ue
of the target virus based on the results obtained fromthese
fractions. [0088] In addition, when a | arge nunber of sanples of a
virus is neasured by the nmethod of the present invention, it is
preferable to conduct the quantitativesgetei m nation by introducing
the standard virus to every sanple. If the virus recovery rate is

st abl e, however, Lhe stangagd Vit Uus hs noﬁ_necessaril%%Lﬁtrod%$§$ to
every samplBIFHEY SHPHBRE BRI I5E VIS, JRGEIOIOF MOTHSY B SEIRrES Bam
in such a : LS, while the stability of the recovery rate of
a systen1pgﬂégﬂ¥lg%%§bby introducing the standard virus to parts of
the sanpl es, theg Htddhing st pRitioRe0sUPSEEIBNAJd:q3quantitative
determ nation without introducing the standard virus. The net hod of
t he present i nv2mnlysne skisloe atrpokitide $4 SefIEID Bighadti nent. [0089] It is
necessary for the standard virus to have characteristics simlar to
those of the tablfelysips regidue ¢ pesitignahof $EQ (N AG: ldeandr m ned and to be

able to be distinguished readily fro he target virus. That is, in
the method of qt) ?T%ﬁ?@%eH@P@%ﬁ?ﬁ%g%%ﬁ?yéﬁgﬁégpresent i nvention, it
subst ance Bt SLAME BB RS, 1D Ve Targer virus.
and can r eadb] YVBR SBRMSLE thetiodifi b ABRbRE pfRoRR ists@Bled BbmEEhd
independeﬁ?ﬁyjfron1the tggggt(§frus} [Oogd]g%ﬁéliﬁbentgrs %ﬁvegﬁg%nd
that a nutedsetingbly-6 is a suitable standard virus satisfying the
above-descri bed requirenents when HHV-6 i s neasured, and a nutated
HHV7 i s suit abl @matidind bidia-birdingmeasnr(@d04H-B091H) vitkeee, mu$ @ éd N®M-36the s
referably a reconbi nant, virus derived from HHV-6 and havi n
gx ogenous %Wép%‘@ﬁiﬂﬂéaa@i’éﬁﬁé:ﬁ l:Ql;’siS ls‘Hiéilfit\{léqdé’Yr?cﬁlmBm@saéhitreﬁﬁim q\gé ﬂi’?ﬂ lyging ype
at posi 1 Bnee apBERBA R bR HER AR B i Fons ot 6. The
at positi 'ons of HHV-6. The
oL e T, SeREECEL AR AL SROTH AN M IS AR EROI |
Wi | d-t ype aéflaMichcgieeqam: zﬁ-%osﬂﬁ’@d 4019 @ﬁosﬁﬁf&d%ﬁ@%aﬁ‘%iﬁeqesﬁmﬁe 24 thearditBe
regions or the 1124 and 1125 regions of HHV-7. [0092] When the virus
I S quant i raidue et posiiphdDarisvablstinytedbpy sluaimic hdad rediigct s nucl eot i de
itself - 24 - at ggggésens[t[vity, such as PCR or LAMP, the
exogenous nucl evmiodidicd biptiatptrulingspratgin (DAANtIeH 1 B3 whemgnEQ 1D NO: &3, the
sequence tha%,isﬁgptﬂpr?sen% ig%%he ﬁ@ﬁ@g of the_mjld-tygggggv_being
a target PPIBE [GIrdRTTHHA POBE]R &P Tt (8 2PRRI3RS TRYidETR HENC and
may not be a structural,.gene..In this case, .a |ength of the exogenous
nucleotidgﬂggﬁﬁéﬁgngg4h ta€%?W?%%ﬁ%?¥@m¥?ﬁ?@gﬁgugﬁpdpreferably
ranges from 100, hled%‘%d B0 RARER: ;%Egeinr@46NQ{ﬁ)f4E[ h¥) §h89ia%8 G 9 NQ: 13,

10, 000 bases. In such a system na structural gene I's inserte

t he exogeRRuSpiiciadtdsidae HQMLIEDE A0 istsNBstHRRELY S ApShAL&RLMUE the arginine
nucl eoti de sequence encoding a protein that does not affect a
recovery raidaeof pdstien Hbi/iszebstigutediey aglasuric agd teaidge tand fherlysncaepte, at
does not affect the HEV-6 sugar chain-lectin bond). Exanples of the
prot ei n i ReYiERfel41pg subsiiated by alglutimisdcidaesideyor escent proteins, such
as green escent .protein (GFP). and enhanced green fl uorescept
protein (L@ﬁi; GrouhbRiReprish ak S s ﬁPg’Fg‘i“ﬁ%d, by HECBRLIO%i ns
resi st ant tetracyel] anmpiei LLin, kan Cld  Ne cin

hygronyci ﬁ&%(l)l%lg ts‘1 B gbg%fﬁ ﬁ%&g %FH &pwgﬁhéﬁ kr{oﬁvng% gllq%’(? %l%nl,led glﬁrgyag v iFPlhesxafng le, the
quanti t at Bxﬁéﬂy aStBh 8 EARBEn BE 1iRedy AR e BHALNSE LS aVid Uosd OF
exanpl e, by i mmunoassay such as ELISA "the nutated HHV is required to
express agarbxoderapsatphioduefate dddaboupliighd capbxsEFbupsto béhovdrdbs by e

HHV. Such a protein is not particularly limted as long as it is
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



-25 long as it allows quantitative determ nation of the standard
virus, but, in the case of a nutated HHV-6, for exanple, the standard
virus can be quantitatively determ ned when the anmount is about 10 to
1, 000, 000 copies per nL, preferably about 10 to 100, 000 copies per

m., nore preferably about 50 to 50,000 copies per nmL, and nost
preferably about 100 to 10, 000 copies pgr. nL [0096] In the
quantitative determ nation using the standard virus, the standard

i , which h th b - i har act eri st.i cs, t | b
lsed as "o St SRARY E0ERD b PG KRR NlrkRne BremParderoiyf pliee®
using a CahhiePlurfabib ﬁg@gro%?ﬁlfc%ﬁghé/ 28 nld§1ﬁg Y Qtdn‘%yg'l rbEtihQn

ar I N e subsequent t at eter

as an internal stan quant lve nati on

by PCR or bh#iRh&rdods 5t asrdah drigh Aaﬁn@gm?gu@r};avﬁgarm 39 169.
determ nation by ELI SA. [0097] ntact of virus-binding substance

wi t h body [#080i] dAlternativeljh emimetdrags of tHeherripr @sfand aridneing ponpd sfchaigtesinm
step of bringing a body fluid into contact with the virus-binding
subst ance camprebipd #ing  awss-brkiepreegant. BN (blsksubesggcinimidyd] suherateher DSS
vi rus-bindi.ng substance are not particuylarly linmted as.long as_ the
virus in ?%ﬁglgﬁﬁ'?‘@lasaﬁ?fa@ o o %‘PPEFSQL%BI?W% swiise ARH ] §FOURS el ee
that allo | t.ati eterm nati.on of t ris.  The . tgrs of
the conta Oté(::igﬁ%lf ]%ei %}11('53 |8¥| g?“&%laecrio?lsé%%(é?% e g%é?ﬁ% 8C1§Hﬂgﬁ§é[gbat ion

time. [ 0098idyrsitidIefopRse &J@M@@QN-J4LIHA1%H@%u%MﬁHﬂ§hM§9 cont act

wi th the virus-binding su%stance directly or after’addition of a

desired byddse] Bod dibé @RerDimnhdbelidingdk@e bidtihdenda@ditotintb d carkibr, Fa€RAS €
where a desired buffer or any other additive is added to the body
fluid, it commemtadlyssnijabfegraridnehaymgunations fundiensligraps tothbeurtatcuhated
by taking into consideration the ambunt of the buffer added. [0099]
The | ower Preferphly gfilizede Exanmien foricionlsfss haying Bmgignabgrous asrtha pidfaceshi | e

Lne upper L4t . Be,SELec! S L am L8 B OURcneLSl ol 1,06
STl L eSO 1A, 2T SRR 0,208 ol A
the group pr@RSLEE dsNBinRbilikelMARINEModR1edPhieskRufid fic.) l@d Moo gfup plARd
30 m n, mﬁlle the upper Iimt may be

such as ELISA plate MS-8796F (96-well C-type/Flat bottom/Carbo) (Sumitomo Bakelite Co.,

Ltd.). Furthermore, examples of microbeads having a functional group on the surface

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)



26 - selected fromthe group consisting of overnight, 10 h, 8 h, 5
3h, 2h, 1.5 h, and 1 h. Exanples of preferred incubation tine
nges from5 mn to 2 h, from10 mn to 1.5 h, and from30 mn to 1
h. [0101] In an enbodi nent where the virus-binding substance is
indirectly immobilized to the carrier in the nmethod of the present
invention, the virus-binding substancejand the carrier are brought
into contact with and bound to each ot her through a nol ecul e capabl e
of bindin r|er the.vir g
subst ance et M EAE bt P T bfresnfBbing N i lomas i s s Bt
t he conta NG t
limted pgltrlttb:atéﬁ aggrg}tf‘&%%g %h‘ggglg‘g 1[) ga\g/lttrus- ﬂ-ghgr%}% bt sc'% gﬁ:g@can@ﬁ
suf fi ci enfdogs) neddatd viad to the carrier through the nol ecul e capabl e
of binding to the carrier. The factors of the contact conditions

i ncl ude incubaﬂmomﬂmahpeoﬁhupﬂsamdnemﬁmmaek@mvmvm&eoﬂbﬂdﬁﬁbbms
simlar to those for the contact of the virus and the virus-binding
subst ancedwasitfives detamoned is aat trsesseily d 0€d and map proyprbtht depersiing en smmates
mﬁmww 1l mntg 2 h, fram3 mntol

i ation _time ran es. f
h, or fr of‘r‘i“gcotn 1Ugps- m#h CIFLHDY %%B&Eaaﬂw%rxaear Fensfant.  Thisis ?’ﬁ’éfacmw for

dth
Uit uss bi iy 8 SRBRHE Rl REelldilnoFs B 0RO nd SRSk 1 0
nmanner kneyhetd, 15 Qﬁ&? oo ahdlt@ﬁlvélﬁdét&ﬁn@er dn RGRAB! G anxgruts PorleD B RIRREL RS

of the carrier. 03] For exanple, in the case of a partrcg%ate
carrier s hmiﬂoﬁ.g‘»tearntfa@gdxe ciafsmedssary fEmeRtire ity anidntse tiesRak at ’dlyfla® t he
sanpl e by centrifugation and subsequent renoval of the supernatant.
For a car eélirted hintertam intarvalswd gimetand toomatinfeowith cantpariear afitler anmamitsbe
separated fromthe sanple by collecting the carrier using a nagnet
and r enovVAgatiogdn gl?ﬁ%“ror‘falb’ apfe thepefpre gaysss ¢ p@bletrh\atnch § 4 %ff@u}éﬁh@obe of a

thin filmor filte be separ g e sanple by
Ul 1 g USRS e b o & yeTb £ leefsd o T FBTR he
sanpl e afﬁ &kmhdOW ng the sanple to pass through the carrier. For a
carrier that 1Is desrgned to capture the virus inside a well structure
such as a[ougeT Orahdd, m&éﬁﬁ‘gaﬁt@ﬁ I th®fnvBRYrs lﬁﬁvegs‘%@@é'séfﬁ sdivethd ABbIRATH! €
nmerely by renoving the sanple fromthe wel [0104] Furthernore, the
step of wasdothingioh lea s@fpar eftaedns Qllidtd:lﬁt[ftel’myfebed o dstaddac vifusOriae khdvds a -
27 - renove substances non-specifically bound to the carrier that has
been separegovaty fatcormnilareo Strpl ®virwsde be diangjtatively detdmmif¢rband@tiows i ons of
the washing solution and the tenperature used in the washing step are
not | i ni t BESHERITER BRIRPenel e MEuHe be Heterpped andgrambsholths sender Yire

bi ndi ng betmee rus_.and the.viru I tanc and/ or. .t he
bi ndi ng % r%ﬂﬁeu nv?rrcﬁfém% &SN tl%rtfbssg bfgcagh’% Cge e&&F’F?é?‘O“ft @ig"ﬁ’]
Pref er abl gran&artﬁvﬁfr@%maagd RPIc b8 ol R Rt A4 Sl JBhEEG SRUL] O

having a pHof 7 to 8, s as a fer so tron ri s/ EDTA

(TE), PBSpresdabPhSentdh id fepforrhb® pl"ﬂeﬁ‘fthé RBoWRS Fikd 19 e&ﬁ’lltdt'éd B3B8 dGHYth® 8mburdt OF
9, preferably 7 to 8.

the standard virus added to the initial sample and the amount of the recovered standard virus.

h,
ra

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



[0106] The washing tenperature is not limted particularly, but the
lower Iimt of the washing tenperature may be 4C or 10C while the
upper limt may be selected fromthe group consisting of 50C, 45C,
40C, 37C, 30C, 25C, and 20C. For exanple, the preferred washing
tenperature ranges from10C to 37C, from 10C to 25C, 10C to 20C, or
15C. [0107] Quantitative determ nationogf. concentrated virus sol ution
The carrier that has captured the virus to be neasured is separated

f th j | i h .and .t h buf f )
o ut on 1&0¥er;ritb RTRedn PO Plinls S PSRRI PRI RN S aption
vol une of aﬁ&‘@orps‘égﬂ%tfhg eSsurddVaPueRIt AfBHSECiRE BARE %g tf?}eh@#ﬂWbtained jgrﬁréltthese

concentration in the recovered sanple so as to b i gher than In
t he body filatighs. An anount | ess than the initial volune of the body
fluid is not particularly limted, but nmay be 1/2, 1/10, 1/20, 1/40,
1/ 60, 1/800088f hyaidionfwhdne lange ninabenodkammpes ¢fANOBE isthersivad be the method of
solution added to the carrier that has captured the virus to be
measur ed 1 REEeRdRERtap Bt prafEtlle (p qordues sabanitetivridetsrmainptianHydninpiueing
i's subsqugn%lé ho.be ap, lied forgdﬁt erm nati on of tq)g irus. [0109]
After conCERtPEEENGYE e ARl g PNEUPFLrOY Y I 11400 oV eXreI i gher
t han t he rat.| i i cri ove e
sanpl e is%ﬁ%‘?@%ﬁ%&g tﬂ(g( dagegélét}ﬁ g}%{aéueéegg% éeijreﬁ%gsr?a ?e()n o? ﬂ'[tﬁ)gucﬁllﬁ)%%?wof
the Virusstahdurd Pings HESES doidittb O, subEcds8 MhadlkaRhild AL kMBiLARsRhdTPRelON
of the nunmber of the virus" refers to quantitative determ nation of

t he anmpountatebf 4 dysteini is tenfipmed By intioBudnghepladard\eiedrte bagd of thd Aeplesr i
"quantitative determ nation of the - 28 - nunber of the virus"”

i ncl udes @theesamplss naydiersabiectedi@ruantietiviealetatimatimaithcnintbducirxhepl e,
as the absoléjt‘f nhunber of the virus, the concentration of the virus,
or the tit@rd%t Virse Jhe ethodrEths prasent yenyen 3o ingldessuehaancmbodisernby

the anount OB ol it BPAS sfabl i8R o e hE R Dy P AT e e
nunber  of toagt: 'vQ@Eo_’E@'qﬁﬁHitﬁ@e Efgtfislrﬁ:%e(fl Exgﬂg\#e {3@ tPHL iktg‘xlsgﬁﬁheﬁé?é%f?o%bg

the fornmer mnethod include ne base suc rea

(Sci ence, tHe:988)viru2 30Thal 350 tA3Bdtho@BHquaHaativd dkdrvenadl6h 6f ik patden of
DNA enpl oyi ng, for exanple, LAMP nethod (Nucleic Acids Res., (2000),
28: E63) . irExetmml &ss wetesshg forghd¢ sandast viod to biad tudide giranbindiag swatance and be
determ nation of antigen proteins using, for exanple, sandw ch ELI SA
Fur t her noFeOverefbusighends, aiilpetodhe wrgei vistsi and arnyeaddy pemeonreddyar a

titer of a viru i cti desjred cel]ls with the virus. [0110]
Not e t hat e’fat’inlj’rl%zcg%@‘% oﬁggﬁﬁ’il?ftfp%ieﬁtﬁb{ﬂ? R taRgREV ISy al  DNA,

di sruptio t ] r in_i ary..FEaor th .

ai orupt 1 NP0 talths S8R Bl bl Ao RERER BR g B s
sur f act antatisRim B ARRE-dscibeR B men® wiRnGRTVI 18 1A dd) -
pr ef er abl yallzs)gﬁrc%tarri ed outC li n aqguin%eélbl“é ll)luffer sgeuﬁr%ihgf%%ﬁ%ﬁﬂﬁ%v
buf f er solidsuctable S heOHHPAT i hedsaedy |1 mted, and a pH for the
reaction may range from5.0 to 9.0, preferably from6.0 to 8.0, and
nmor e pref BI08b) yTHerroutatzd BIH\G 6 8s referablyud feesmisiodm vironddniaved frogmd E5VA-6odfnd 7

to 8 may be a buffer solution based on, for exanple, Tris/EDTA (TE),
PBS, HEPERViRE exppenounnycispyide sqauensceihpl &g Bef presentrip ghe witdstyperHEV-6 genvote
particularly limted, but ma n preferably from60C to. | 00C, nore
pref er abl §f Q%Plgﬂ?wgeﬁpd’ng‘?&fo é‘ﬁ&iﬁﬁgi{g rﬁ$18?se‘?ré‘5¥ 14908 fereRseondinegs de Hidy
treat ment tq m 5 2 bly f.rom 10 tp .30
1 cat et ofd 0%, KBRS RIS Lk RedyNEn AUELELANLY LGN 10,480
as it doegoRMMHRT RAthadiHE SRPENs nfdl8dtdels8dueM&s det %re'ﬁbpﬁjéieﬁpin(?ﬁe Whe
virus. Exanples thereof may i1nclude Nonidet P-40, Tween 20, and
Triton X- &p8HHA-Cgmoemnt at @bsitonsebrrepohdiag tof the Uand Usaakisrang ehefUranmnd 103

to 1% preferably fromO0.05 to 0.5% and nore preferably fromO0.05 to
regions of HHV-7.

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



- 29 - The present invention also provides a kit for
gquantitatively determ ning the nunber of human herpesvirus coll ected
froma body fluid based on the nethod of the present invention.

[0113] In one enbodinent, the kit of the present invention includes
at |east a biotinylated virus-binding substance and a bi oti n-bi ndi ng
protein-inobilized carrier. Preferabl.ygq_the kit of the present

i nvention includes at |east a biotinylated virus-binding substance, a
bi oti n- bi pdi: Ot i n- i il | 7€ Ler n tandard wvirus. .
havi ng a gﬁg%gfeg%@ngﬁgégudgoncen (grrgtpg\gg?tk%)gog\%or%ﬁg? Ie(%l I r%%qugﬁﬁgsf? rééri[ilg}lted
the biotiBs Bhpt A% Ae@idbsihal iR BolGRleHKlin ¢ n&rﬁ@o%@%ﬂ-rtgge\’[‘lﬁvsbeﬂl G as
defi ned above. [0114] I n anot her "'enbodi nent, the kit of the present

i nvent i ontarget kaisteguantitatiedsdetaaiaidead s the hwhic ferbhe, andmis-dok Belh Bighctural
substance is imobilized. Preferably, the kit of the present

i nvent i ongéngc| lnddiss case, b éagth dfilee exagaivesuisldotdevrquénct senov partisuliplyniinitg],
substance_is imopbilized and a standard virus having a predeterm ned
concent r aPHdncferhly rgnges om; 1v8ite 0.8 bkasesnd marpprefpaaity Bam<00 s 0.0 Me

tandard yj defined above. [0115] The kit of th t
nvent i onPsy. A0rEHerFREt tle SBiFuERER dereH #ore SRty RHEs

and the vj = hi ndi : |yt | f i

cepar at e rie: B ot SRR ARE kot e sl daRl | bR B P Btec
subsequent katondidede b0t BBIVCBERd ME mehdhrinf @arbR (130 ek Afp1d, ABeROBFERY the
invention. [0116] The kit of the present invention further includes a
reagent aHM\GS segab ufidieiecEnbord).o NEfapipl guoditel prétinvdedlydedBitardnon lifgtedto,
virus. For exanple, when a virus is quantitatively determ ned based
on quant i flaeriescenidwetems.rielaas gseendiuotdsecnapmoiaimn (GFP) Bhhenhahesd gy dhiprescent
and/ or the buftﬁeﬂ(l %ol ution are, for exanple, a DNA pol ynerase, a .
primer, aPOiTR G prdFatdedordrHECe RO REsdUChPrafe Wi e RENBIodeFacEgline,
sol ution. ar\1/1\b'11eC1 liak\a{rimrnlfsc&{ Sed uantitatively det g.r m ned based on
quantitat Ve determ natr S o REHINBE: O SPCARL YRR ol ecul es, the

reagent ag% TR aiBeh, Wen SQliME sQUhaidftBivel c(ete?fﬁﬁ%?lu MR HEP BN nst th
agai nst the g]r’]t i gen, & secondar yqlgnt I %ogfsyl ta eg?%r ?i‘gt ectl nrfs and
a sui t abl eirfy)fdrekarbsle, Myl i@ihunb iy duch B BIS AK tHe n@ftatbdEHIV 18 $&@fdtred to express
i nvention, each reagent may be contained in a proper container. In
addi t i on, at érgkndus pfot¢ih traprseseprtsentniveaind wid-typa\HH Vic| S$idd apr@eiaksage f or
properly - 30 - wapping the reagents included in the kit.
particularly limited as long as it is encoded by an exogenous nucleotide sequence that is not
present in the genome of the wild-type HHV to be quantitatively determined, but is
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



[0118] Furthernore, the kit of the present invention may include
suitable instructions for use. Nonlimting exanples of the
instructions for use include nedia that can convey how to use the kit
of the present invention to a user, such as description on the
package, printed matter, an electronic nmenory medi um (for exanpl e,
magneti c di sk, tape, cartridge, or chipy,- and an optical nedium (for
exanple, CD ROM. In addition, description of the address of an

I nternet §j E I j UCE | f . J SNl i

st ruct i g o iRty LR GRS, hABHEHEEHThe sBhaE i bhil HEER b bl
descr i bed Hpagdfoe Bx AT ESankd B d VM€ c S cafubntithilelyt MRS IR AHRh &R adfcfnt is
not intended to limt the technical scope of the present invention.
Those ski hbad 10 1,0@0,800tcopn peramli,fpreforablytabogd Ottd €0 (O Es@Pies bervehirhan
readily based on the description of the present description, and such
modi fi cat iptaferatdy dbain 4 eX).l0copise berdeld and mokeprefetshhi abatit 190 ¢p 0,800 ¢opées
present invenfion. [0120] Exanple 1 Screening of lectin that can

det ect HHger mL. Enri chment of HHV-6 was investigated by allowi ng a

bi oti nyl a ectin to.react with a cultured HHY-6 in soluytion and.
Chen o bigte! ot hRabalRRF fedhimiDn GHhb i ndh xius heppdi s Wion
Prepar at i - : t . red
numan cor @b 6ad Ay i aap FAATy T bl 6 e Bl be sandard o RV HES
expr essi ngorcehtthtiod ap BRes8ctRALE Hind\D cardG 28R AR) pte¥eblg drCEe @ad Fihbutt ype
HHV- 6 sol ution. [0122] 2. Preparation of tamavidin magnetic beads

Thr ee hundreddicaiiar ol antisesalodftandagne thecubseqatsit aantitagvs datéradesion baPER or
wi th carboxyl groups (Dynabeads M 270 Carboxylic Acid, nal Inc.)
wer e washé&dMF pha Soslsrd ¢ffthesubsequens gangitathyy deteosarigetiondy ELGSAi n and t hen
wi th 300 ggg)gi Bltrap re ter for 10 mn three tinmes. To the washed

é) , e-,‘»_tv TUS-D1R 110513 14

magneti c P PHEP LS et pear bodi i mi de
hydr ochl ori de ( | C i.ssolved in cooled.ultrapue ter
Was added i nt o S el S BEmeRdy InyEhERh S ee el P bE SERRR IR

room t enpesahdd Wathfted Viﬁg-md?ng sB&8ncet NeLOBAARILE f? @&Q&ti\ﬂg e B@@? RS and
with 300 pL of cooled ultrapure water and then wth 3007ttL o - 31-

50 M MEShebuifub®indii subit@ite amobpidicul@ndirhiteiusndnged th fifhs 30fe dabpl€ 180
pg) of 0.6 ng/nL tamavidin substituted by 50 mM MES buffer solution
(pH 5. 0) . biflde tonthg vumsebindisg sibateare @i degreerihatatjpesanantiative det8Onimationtad the
i nk the tamavi din and the nmagnetic beads by coval ent bonds. The
nmagnet i ¢ BEYHs Wedcterypf e camacgiremitiongenghse Incybafiopriempaeieqad deabaiias
removed. Then, unreacted carboxyl groups of the beads were elim nated
by 300 pL"8¥ 50 mMtris buffer solution (pH 7.0), and the magnetic

beads wer (%lg Cii‘tgiﬂﬁe%&% Qod Aui®fnah gﬁ{f- r 3y ontal ni ng
0. 5% BSA ANd°D. L0 Fubas %g b ifns &t PRl Cﬁgt?‘g%{ﬁgg%ﬁlggﬁd&ﬁ 00
pL of a PB&shtd @FectPbbift@Addifort MRSt ButRr RIBRAIAHeQlke & (hHEBOMEHHIA.
beads. The biotin-binding activity of the tamavi din magneti c beads
was 15 nmibh a pee wikreof desing] Higiaclorsdns pees hdititive[ 10 ARBY tathe body Skiggnis of
reconbi nant HHV-6 sol ution

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



It was tried to raise the concentration of a virus by using the
EGFP-type HHV-6 sol ution prepared in Section 1 described above and by
using the infectious titer of the reconbi nant HHV-6 as an i ndex. The
biotinylated | ectins used were the following 15 types: (Con A, DBA,
LCA, PHA-E4, PNA, RCAl 20, UEA-1, WGA, ABA, DSA, Lotus, MAM PHA- L4,
SBA, and SSA) manufactured by J-O 1| M-2ks Inc. [0124] Before the
screening of lectins, non-specific adsorption of the tamavidin
causi ngbagkaeoRe RS oGP R kGhRR] 15! 8t roy S b £CEE
reconbi nant HHV-6 sol u?klﬁgn_ %lco cent rat?glﬁdng 1%% Sc%%i%églhh_{g‘PE A@n 500
I AL of PB@xwaples & prefdrradhchba€uR 88 dardbs £8% 5fin td 2 R, £6xA0 &80 @PWH h, and
m xi ng). Then, the tamavidin magneti c beads prepared in Section 2
wer e addedrotm3Ghmm toédcti on sol ution, followed by incubation at 15C
for 1 h (upside-down mxing). Then, the Eppendorf tube containing the
reacti on $QI04i i brangmpodimeabwhern the imghiding sybsange fsondipgHn beadbilizesrid

t he beads was washed wi t O [IL of PBS containing 2 EDTA and .
0. 5% BSA {1 BB PGk ,meffwg Oﬁgﬂgd’?%@@%ﬁb HfedrusRmsing sgbsience andife cafFier
sol ution R 40 s I ed W 10% fetal bpovine seru d 1he
whol e sus%}e%nbg{) %2“ gléosy?r%npafggﬁgmg?(ﬂb%mg t ac}_éf) thgrnt%for‘fél gérfog?cu%(ac fillggbh\ﬁ?ﬁ)mdgng
cel ) Suspesicafier, bbfote whftt, | BYRY thd@tus-Yiddid @ bEHER bMBEInd Ninbic! Hith the
present, the indicator cells are infected wwth the EG-P-type HHV-6,
the DNA obodyh@uitiHVFIE: @ntiioss foh the@ehth& of &Rtk 8indEazRubeice hitCBE pofiat 6
inthe HHV-6 is - 32 - expressed within the indicator cells to

gener at e @PRirhitadgraesvknyas [dn@ B2 Bl vizugbinding lsuwantdheanchepefficimntly al
results confirmng that alnost no HHV-6 was nonspecifically adsorbed
to the tafBWPBiliEd thikssiarye dgopshthe mojegulp papatrlee binding tp Bsspisier.i tTheof
increasing concentration of.a virus. investigated, using each
ectin. [ 8 O eqhtact epdsions fncludg incilpasion SEeRes A AR FEMEROR BRG i on
(concentr at | en- : [ 0 : ], . [ a

bi ot i nyl at oo eI RS, Bk wbebaral oS sl B B gl pfbefhe
(upsi de- d@udariBEdibdge canHe@Blectdd ad dpprdphiafeBut b AMRVrEcRed RIS LS {RRFE T es
prepared in Section 2 were added to the reaction solution, followed
by i ncubaffiioan! ain b2, fiom A min fous ot oo 30tm¥h.Nng) . Then, the test
tube containing the reaction solution was placed in a nmagnetic stand
for Dynab&ld2] Sepdratineobesser was washed with 200 ur, of PBS

containing 2 inM EDTA and 0.5% BSA tw ce. Then, the beads was . .
suspended i n 500hggargF hat hey qapieeddBe viryssn be menued Abrougipibe sranbiading ¢ h

10% f et al i ne. t.h I [ i xed wi.th. .0 5

o of 1 nardavere sen e ey MOl BRI R e G Bl A5 e
b d. ioSdiR&ld i e EGFP-t HHV- 6 |

2of1§re\r1?r a?gh?dofﬁggédﬁgél@g{)%ﬁ%%ﬁtkéscayr?%' i nfect )elgevvi tht hIeSEGFP- type

HHV- 6 boun@i o8P Fhiexmmgleshitte RAeA6ka Jalii UG ca@ tshdlr RiaWehdcdradrodht irtier
bi ndi ng, the DNA of the HHV-6 enters into the cells, and the EGFP

gene i nconpgbabeadratel frdre tHddenbleiby centpifieras@dandi stibdequenhemonali of alieor

cells to generate GFP fluorescence. [0129] Figs. 2 and 3 show the
exper i menséleragng| tEor p sairieathptig in humpgtete beaddps dheagargd nREbP sepsiaiefl from
SBA, SSA, DSA, or V\ﬁA was _hi gher t.han that of the virus stock

sol uti on. BFFATRICOYSANFENg fiFsauter 1R 2 MagRs ardisme¥ingfhs upeipgipyl. Fora

Quant 11 at P o b or SRl T g R ey R ST teoreel
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



The concentration of HHV-6 in saliva was quantitatively determn ned
wi t hout using the standard virus but by utilizing the biotinylated
|l ectin and the tamavi din magnetic beads. [0131] 1. Coll ection of

saliva Saliva was col lected froma subject with Salivette
(Salivette cotton, Sarstedt). The subject rinsed the oral cavity wth
distilled water twice immedi ately befarg_the collection of - 33 -

saliva and put the inner cotton of the Salivette in the oral cavity

to coll eCTrelﬁ@Je sﬁ@stgngé I%)nrg[pﬁmgga}l:é%l)ul?d 59%%&%% K& l%@ttl ?{pg%a%%tﬂo%?thgf

HI I'V-6 by conventiona t he conce

H1-1V-6 i Barhple, &eadriid tVAsed UM édnditioh€bithElRh@iny 8MioR ¥ndhe AMYRB L R&d
nmet hod. [0133] HHV-6 DNA in 400 L of the saliva collected in Section

1 above vvausthp waslingstepsiemgt Bhivddoheiculzl af (@ngge thelcosdiiorardn béintth thes
Mni Kit v2. Q agen Inc.) in accordance with the protocol of EZ |
Virus M npi tyesten (e varye ﬁndﬂiléV)mS -pind B4 pubBkrace asldrithetynddhgbatasen the
subjected to titative Cﬁ n the quantitative PCR the HHV-6

1565/ 66 ré@%ﬂmaﬁgsﬂmé?ﬁf‘? i”%&it ?/%qr?erdeterm ned by real-time PCR The

c eq g&?@%ﬁﬂ&%ﬁﬁ% mg(s élﬂﬁlbﬁgre(i;{lé %F}\Irbﬁgpr solution having a pH of 7

b
5 AGCAGCT AR Gl s RTISA AL (BEPSgymet RRTB O Fhe it

the washing solution may be 6 to 9, preferably 7 to 8.

[0106] The washing temperature is not limited particularly, but the lower limit of the
washing 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, the
preferred washing temperature ranges from 10°C to 37°C, from 10°C to 25°C, 10°C to 20°C,

or 15°C.

[0107] Quantitative determination of concentrated virus solution

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



The real -tinme PCR was perforned using the FastStart Universal Probe
Master (Rox) (Roche Inc.) at a reaction tenperature of 95C for 10 mn
once, followed by 45 cycles of 95C for 5 seconds and 60C for 31
seconds. [0135] This test was perforned by an experinenter highly
trained in virus experinent. [0136] The determ ned HHV-6 DNA in 1 niL
of saliva was 14616 copies/nL. [0137] -38-Quantitative determ nation
of HHV-6 using biotinylated lectin and tamavidin magnetic beads

To 400 pi nulﬁfyer%@kﬁe%ug%&lﬁgés%e&trbr m&t%lfiﬂtlt Qie{ghﬁﬁ?tlcﬂld' cﬁréﬁfg\nple, as

often-fold concentration of PBS and b| otinyla

fol l owed ke dbsstubatmber ofthehis,ftBE cohcbhtfatip® bO@e IRMM) ofth¥ tiftg hf thd RRIs.  HRHE
uL of the tamavidin magnetic beads prepared in Section 2 in Exanple |

wer e adde dumnbertofi girae@o the deteswhert byomy knowvh avettebdbior Bxemiphie ra netloadhedt | on
at 15C for 1 h (upside-down m xing). Then, the Egpendorf t ube
cont ai ni n@u%rw&twéaéﬁeawn%ltm gremnhalsvipl RREdon amethodefrasentiatielind f or

et O R e RN
treat ment (ﬁ}nexg ?ﬁ é(? [ncljuge g]f%d;r szée@tl %xli pER%H 1s rgal %me c?elnlc eg%‘ﬁgb 290

t he magnetl c S e super nat ant was S

quantitat iysp. P@? aﬂdhdaﬂﬁaﬂ&@d&érﬁﬁfah&?oﬁﬁﬁ% ern%?Royliﬂ:g'V 8 amh l@ q A9 nRthod

was quantitatively determ ned by real-tine as in Section 2.

[ 0138] TheNwkedie Arids8Es. A2000)f 2D E6HHVHainpledof the 1#8tr bBo®indRbE qvaGtad 984
copies. The cal cul ated amount of HHV-6 in 10 it,L of TE is 5868

copi es. Stetemnindtios off gntiger pentwurusing fodekargplprsesdrich ERISA00 Fuithafmotd éne
initial saliva, the converted anount per 1 nL is 14,670 copies/int.
Thi s val uvagfative BeAERnatiop may W@P{f@ﬂr(eﬂ&s 8 lier @b visay L ipfepngdesised qsiis

t he conventt nal. method in the above 2. In this case, it can be

esti mat ed "t h ©YHE recovery rate of the virus is approxi mately 100%

91301 e 0 B g oY B AR i

det er m navir@coaf prbtdiri® nkddssipl. | Far #he idRguptbANAGIH nét fitdSed to, heat treatment,
addition of a surfactant, proteinase K treatment, or a combination thereof can preferably be
carried out in a suitable buffer solution.
[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, Tris/EDTA
(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 min to 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 concentration of HHV-6 in saliva was quantitatively determ ned
using a biotinylated lectimtamavidin magnetic beads, and a standard
villa [0141] 1. Method of collecting saliva Sal i va was
collected froma subject with Salivette (Salivette cotton, Sarstedt).
The subject rinsed the oral cavity with distilled water tw ce

I medi ately before the collection of sabi-va, and pl aced the inner
cotton of the Salivette into the oral cavity to collect saliva for 2

mm [0142] 2. Qﬁﬂé‘;}_‘ﬂeée% fnv&lt 5@5 g}&%&%&& ng;%talt | Ve;e&fsgﬂﬁgeﬁ@ﬁhm er

nmet hod HV-6 i n I'va was ntita

as in Secbfmim#h Mpﬁ%lﬂmoﬁec&d fré 48bdy fluil Hade@ oREhNAEBSH @mﬁé predting test

was cani ed out by an researcher with a high degree of training in
Virus experiengnts. The results are shown in Table 1. [0144] 3.
Cpantltatlve determ nation of HHV-6 using biotinylated |ectin,

t amavi di n [0ltdgnbrane cpbadisent g kattod tlepanreben inventiog ml)ch@asaa’ctlfrasm bigténylated

determ nation of HHV-6 using blot ated WGA 400 RI, of
sal i va col'Bxpiading subsiacs i o l%gléé“ﬂéﬂroéﬂnmb@@?ﬁecaﬁw P isrably de

contai nin 1t]0991% p(fes I er?ve%!lonElnclﬁdes aP’IaeagtlH\{noEsﬂnylate% V1rug'%1r}d§nlg sggsttance, aqblc%n-
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concentration of 5

binding protein-immobilized carrier, and a standard virus having a predetermined
concentration. The virus-binding substance, the biotin-binding protein, the carrier, and the
standard virus are as defined above.

[0114] In another embodiment, the kit of the present invention includes at least nanobeads
to which the virus-binding substance is immobilized. Preferably, the kit of the present
invention includes at least the nanobeads to which the virus-binding substance is immobilized
and a standard virus having a predetermined concentration. The virus-binding substance,
the nanobeads, and the standard virus are as defined above.

[0115] The kit of the present 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



PBS and 1 nnol of biotinylated WGA were m xed therewith, followed by
i ncubation at 15C for 30 mn (upside-down m xing). Then, 100 jit of
the tamavi din nagneti c beads prepared in Exanple 1 were added to the
reaction solution, followed by further incubation at 15C for 30 mn
(upsi de-down m xi ng). Then, the Eppendorf tube containing the
reaction solution was placed in a magngpi-c stand for Dynabeads, and
t he beads was washed with 500 iL of PBS three tines. Then, 40 uf, of

prot ei nasg, h&Feakels ﬁaga@ll Rdd mo/ nL of proteinase K, 0.45%
NP- 40, andr% A)T\/?géeen ] was1 a}%g(eld thereto, followed by incubation

at 56C fofoiish Ftﬁﬂfeﬂﬁ(ﬁx@hﬁe Rie 5 the Yrebdi invlefitith RAS thtlahesithBIE idsa 0 tRhb i
the genom c DNA Furt hernore, the supernatant was collected in the
magneti c sseandﬂonmmmrgthanplas; afinthe wasudtioesfoe dseahcl@&Gnéda thhOcanicontey how to
inactivate the proteinase K, and 5 uL of the supernatant was

subj ect edusethe ki af the arasens ipeRtion ta atuﬁ@r, w@h A$ deserintipa ordR packageaaiEred
gene, which vvas resent Onl%gﬁ%ﬂ econbl n% i rus nd the
HHV- 6 U5 G@HET PP XESH? O’E‘ﬁ‘é % Bagyrte H&hiﬁpfbﬁ%ﬁri e or chip),
defici ent t e n u guant.i.t ativel y
real -tinme %&? 5él r%éf)(ﬂrgrne?@r Eéxn ac%]r]r)a%&ﬁobglaa@glél g’f(%)e’rsm%:ﬁ{lorr’\t| Sta?iveﬁs ol%
det er m ni pyg Iﬂtélﬁet%%ﬁlagﬁ@%dmﬁﬁrﬁﬁoﬂsqg} 085 inEiuli & ‘the instructions for use.

5' - CTGCTGCCCGACAA SEQ | 4); Primer:

5'- TGTGATE&&MFITES'CGTT 3 (SEQ | D NO 5); and TagMan probe: FAM

5' - CTGAGCACCCAGICCGCCCTG 3' TAMRA (SEQ ID NGO 6), and the prinmers and
Tagman pr 6bld91LisEhk fresentjnaention stiil betlgscleddasddrinregamples idhveré detsil,gmnthose
were as foll ovvs Primer: 5'-CGAAGAAAAGTAGCACAGGTICTCC- 3" (SEQ I D NO
7): Pri mefxanplespeeystarended snrat foainesal sopg ety psqgonveytiong ndhosggvan

ol <t i mo HEd M?@&m FrsS S AT e S5 SHpBAgtion
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once, followe secon

seconds kb4 ol thEheesbRGoNahidn. rate of the EGFP-type HHV-6 in each
experinment was calculated fromthe ratio of the nunber of the
EGFP- t ype [HE0} 6Expnaii¢ i t Scieerihy ofiletti thinan déteardH Vie resul t of

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 puL of



- 36 - the real-time PCR of the EGFP gene to the initial nunber,
nanely, 1000 copies of the EGFPtype HHV-6. The value quantitatively
determ ned by the nethod of the present invention was obtained by
mul tiplying the nunber of the wild-type HHV-6 determ ned fromthe
result of the real-time PCR of the HHV-6 U5 gene by the reciprocal of
the recovery rate to correct the neasurigd val ue. [0146] The
above-descri bed experinment was carried out for three different saliva

sampl es. TFabha MESBOMG sbiBod G .b)S and t‘ﬁ%ﬂxehﬁﬁﬁl 30 %&4 \;a%@@)%ff%% ﬁﬁgflrdie

of wild-type HHV-6 Recovery rate of EGP-t
wi | d- t ype tardvidi® sibetifu@abed 0 byMMEED Befat sbl&h@n Mws.uy. edh¥ alikk@reGfas shaken ai

w | d-type HHV-6 by conventional nethod Sanple 1 220.3
room temperature for 30 min to link the tamavidin and the magnetic beads by covalent bonds.
The magnetic beads were collected with a magnet, and the supernatant was removed. Then,
unreacted carboxyl groups of the beads were eliminated by 300 uL of 50 mM tris buffer
solution (pH 7.0), and the magnetic beads were blocked with 300 uL of a PBS buffer solution
containing 0.5% BSA and 0.1% Tween 20. The magnetic beads were suspended in 300 uL
of a PBS buffer solution to complete the preparation of magnetic beads. The biotin-binding

activity of the tamavidin magnetic beads was 15 nmol per mL of the bead suspension.

[0123] 3. Enrichment of recombinant HHV-6 solution

It was tried to raise the concentration of a virus by using the EGFP-type HHV-6
solution prepared in Section 1 described above and by using the infectious titer of the
recombinant HHV-6 as an index. The biotinylated lectins used were the following 15 types:
(Con A, DBA, LCA, PHA-E4, PNA, RCA120, UEA-I, WGA, ABA, DSA, Lotus, MAM,
PHA-L4, SBA, and SSA) manufactured by J-Oil Mills Inc.

[0124] Before the screening of lectins, non-specific adsorption of the tamavidin causing
background was confirmed.

[0125] First, 100 uL of the EGFP recombinant HHV-6 solution (concentration: 10*
copies/mL TE) and 500 pL 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 pL 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
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expressed within the indicator cells to generate GFP fluorescence.

[0126] Fig. 1 shows the experimental resulis 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] First, 100 uL of the EGFP recombinant HHV-6 solution (concentration: 10*
copies/mL TE), 500 uL of PBS, and 10 pg of a biotinylated lectin were mixed and incubated
at 15°C for 1 h (upside-down mixing). Then, 10 puL of 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 test 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 puL of
a culture solution (RPMI1640 supplemented with 10% fetal bovine serum), and the whole
suspension was mixed with 0.5 mL of indicator cell (MT4 cell) suspension. Expression of
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
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the HHV-6 U65/66 region was quantitatively determined by real-time PCR. The sequences
used in the PCR were as follows:
Primer: 5'-GACAATCACATGCCTGGATAATG-3' (SEQ ID NO: 1);
Primer: 5-“TGTAAGCGTGTGGTAATGGACTAA-3' (SEQ ID NO: 2); and
TagMan probe: FAM 5'-AGCAGCTGGCGAAAAGTGCTGTGC-3' TAMRA (SEQ ID NO:
3).
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 pL of saliva collected in Section 1 were mixed 44 pL 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



First, the concentration of HHV-7 in the saliva was quantitatively
determ ned by a conventional nethod. [0152] HHV-7 DNA in 400 uL of
the saliva collected in Section 1 above was purified using Bi oRobot
EZ 1 (Qagen Inc.) and EZ 1 Virus Mni Kit v2.0 (Qagen Inc.) in
accordance with the protocol of EZ1 Virus M ni Handbook (Q agen
Inc.). [0153] The resulting DNA was sublgected to quantitative PCR In
the quantitative PCR, the HHV-7 U37 region was quantitatively
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M I 1's I ncconvehtiddabmettiodin the above 2. In this case, it can be estimated that the recovery rate
of the virus is approximately 100%.
[0139] As described above, HHV-6 can be quantitatively determined using the biotinylated
SBA.

[0140] Example 3. Quantitative determination of HHV-6 in saliva using standard virus

The concentration of HHV-6 in saliva was quantitatively determined using a
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 pL 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



- 38 - incubation at 15C for 1 h (upside-down m xing). Then, 50 pL of
tamavi di n magneti c beads prepared as in Section 2 in Exanple |

(provi ded 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 mxing). Then, the Eppendorf tube containing the
reaction solution was placed in a magnesi-c stand for Dynabeads, and
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quantitative PCR. In the quantitative PCR, the EGFP gene, which was present only in the
EGFP recombinant virus, and the HHV-6 U5 gene, which was present in the wild-type HHV-
6 but is deficient in the recombinant virus, were quantitatively determined by real-time PCR.
The primers and Tagman probe used for quantitatively determining the EGFP gene were as
follows:

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 Taqman 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



A nmethod of quantitatively determ ning the nunber of human

her pesvirus 6 (HHV6) or human herpesvirus 7 (HHV-7) collected froma
body fluid, the nethod conprising steps of: (1) adding a standard
virus to the collected body fluid, a concentration of the standard
virus being determined in advance; (2) mxing the solution prepared
in step (1) with a biotinylated |ectin3ber bringing virus particles
into contact with the biotinylated |lectin, and then addi ng

bi ot i n- bi peli jogl-tHkOBER B ihATeINP! g]eased) e psis) hiapa! Danle®y, TOHECHRS oythre%FP-
particles bound to the biotinylated Iectin bind to the beads; (3)
separ at i ngypeHEI¢# r Tae vélﬁ@@uam@usay déteioiingd l8BE B@thod oSthe I@re(sér)t invefidon
quantitatively determ ning the nunber of the virus recovered fromthe
separ at ed veaprbtiaed bamgltiplB)g e almber of thetibl-type BVEf-§ detatneingsl/froo iparesulig
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human her pesvi r us | |l ected fromthe body fluid based on the nunber
of the huﬂ%ﬁnﬁﬁ?ﬁggaP?us determined in step (4) and the recovery
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[Claim?2] The nmethod according to Claim1l, wherein the body fluid is
saliva. [ @1d7m @able 1] The nethod according to daim1l or 2, wherein

Llr-ll(\a/- ?t a{ ga;? mVI4 Hd%asure Valiue ? eéor\]/grr;/trat\élo% f ifaﬁl% rolf &?91 t;rfpreOHngIv!_i /i\/tl)ea(s:)lired value of
of wild-type EGFP-type 6 corrected by recovery wild-type HHV-6
HHV-6 HHV-6 rate by conventional
method
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] Example4 Quantitative determination of HHV-7 in saliva without using standard

virus



The net hod according to any one of Clains |, wherein the quantitative
determ nation of the nunber of virus in step (4) is perfornmed by a
procedure selected fromthe group consisting of PCR, LAMP, and ELI SA
[Claim5] A nmethod of quantitatively determ ning the nunber of human
herpesvirus 6 (HHV- - 40 - 6) or human herpesvirus 7 (HHV-7)
collected fromsaliva, the nethod conpri’si ng the steps of: (1)

addi ng a standard virus having a predeterm ned concentration to the
col | ected sal i v@pe Sd#ebhttalal of HEVCPRGEINS s ema&wegfae%é@méaw uylhgus
is 10 to 100000 genone copi es/nL, wherein t e standard virus'is
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(3) separatlngt ebeas r e solution prep In step (

quanti t at i[yelly Q.@l@ﬂhfﬂaﬂb@&térﬁﬁndﬁ@ﬁbﬁHH@fﬂ B Estieht@mav@eded f rom t he
separated beads by a procedure selected fromthe group consisting of

PCR, LAWP, and BiitShe camentratibh ofHEMiatn thg sdlive wae quangtayivelaidetetiyined by a
conparing the nunber of the collected standard virus with the nunber
of the st&ﬁ%ﬂﬁonﬂim@@%édded |n step (1), and determ ni ng the numnber

of the hu e e omt vabsed on the
nunber of T2l hRg ReFDcdionco b whi rultcieh iuk Sa5foR hoosvap Rettied using
recovery Ebot EZ1 (Qiagen Inc.) and EZ1 Virus Mini Kit v2.0 (Qiagen Inc.) in accordance with

the protocol of EZ1 Virus Mini Handbook (Qiagen Inc.).

[0153] The resulting DNA 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 pL of saliva collected in Section 1 were mixed 250 pL of two-fold

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



[ Cl ai m 6] A kit for quantitatively determ ning the nunber of
human herpesvirus 6 (HHV-6) or human herpesvirus 7 (HHV-7) collected
froma body fluid, the kit conprising: a biotinylated |ectin;

bi oti n-bi ndi ng protein-imobilized beads; and a standard virus, the
concentration of the standard virus being determ ned i n advance,
wherein the standard virus is a reconbidant virus derived from HHV-6
or HHV-7, and wherein the lectin is selected fromthe group

consi st i ngnabatRBAL ( sFeT foY €d (hpsaiv-@NhBRMg). SBAn( steil yedmbhviam e US

si ebol di ana), DSA (derived from Datura stranonium, and WGA (derived
f r om wheatbegismpmgparedrad irt $retion 2 ndBxathple I (govidedxthatdymabtadaMyOnk tas used as
derived fromHHV-6 or |IHV-7.
the magnetic beads) 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 pL of PBS three times. Subsequently, 40 uL of TE containing 0.09% of Tween 20 was
added to the solution, followed by treatment at 95°C for 15 min. Then, the supernatant was
collected on the magnetic stand, and 5 pL of the supernatant was subjected to quantitative
PCR. Inthe quantitative PCR, the HHV-7 U37 region was quantitatively determined by
real-time PCR, as in Section 2.
[0157] The amount of measured HHV-7 in 1 mL of the saliva was measured to be 223,934
copies. This value well agreed with the value (221,774 copies/mL) measured by the
conventional method in the above 2. In this case, it can be estimated that the recovery rate
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.
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CLAIMS

[Claim 1]

A method of quantitatively determining the number of human herpesvirus 6 (HHV-
6) or human herpesvirus 7 (HHV-7) collected from a body fluid, the method comprising
steps of:
(1) adding a standard virus to the collected body fluid, a 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 biotin-binding protein-
immobilized beads thereto to make the virus particles bound to the biotinylated lectin bind
to the beads;
(3) separating the carrier from the solution prepared in step (1);
(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, 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).
[Claim 2]

The method according to Claim 1, wherein the body fluid is saliva.
[Claim 3]

The method according to Claim 1 or 2, wherein the standard virus is a recombinant
virus derived from HHV-6 or HHV-7.
[Claim 4]

The method according to any one of Claims 1, wherein the quantitative
determination of the number of virus in step (4) is performed by a procedure selected from
the group consisting of PCR, LAMP, and ELISA.

[Claim 5]

A method of quantitatively determining the number of human herpesvirus 6 (HHV-
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6) or human herpesvirus 7 (HHV-7) collected from saliva, the method comprising the steps
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 lectin for bringing virus
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) évaluating 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.
[Claim 6]

A kit for quantitatively determining the number of human herpesvirus 6 (HHV-6) or
human herpesvirus 7 (HHV-7) 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,
wherein the standard virus is a recombinant virus derived from HHV-6 or HHV-7, and
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.



