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(54) VARICELLA ZOSTER

(57) An object of the present invention is to provide
a method for specifically detecting Varicella-Zoster Virus
(VZV). The present invention relates to an immunochro-
matographic analysis device which is an immunochro-
matographic analysis device for detecting Varicel-
la-Zoster Virus (VZV) including a sample addition part, a
labeling substance retaining part, a chromatographic me-

dium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining
part and the detection part contains an antibody which
recognizes the amino acid sequence at positions 1 to
188 of glycoprotein E of the Varicella-Zoster Virus (VZ-
VgE) composed of the amino acid sequence of SEQ ID
NO: 1.



EP 3 382 395 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an immunochromatographic analysis device for detecting Varicella-Zoster
Virus, an immunochromatographic analysis kit, and a detection method therefor.

Background Art

[0002] Varicella-Zoster Virus (VZV) is a virus which belongs to the α-herpesvirinae and has a linear double-stranded
DNA composed of about 125 kbp base sequence.
[0003] This virus causes varicella in the initial infection in humans and remains dormant in satellite cells around nerve
cells in an inactive stage after healing. When immunocompetence is reduced due to some causes, the dormant virus is
reactivated to cause zoster. When a human in an immunosuppressed state (who uses an immunosuppressive agent,
or who has an underlying disease such as malignant tumor or immunodeficiency) is initially infected with VZV or is
infected with reactivated VZV, severe conditions may occur, and sometimes deadly conditions may occur. Therefore,
establishment of a rapid diagnostic method for performing an early treatment has been awaited.
[0004] Patent Literature 1 discloses a preventive or therapeutic agent for a neurological disease using an antibody
which recognizes a Varicella-Zoster Virus immediate-early protein IE62 and also crossreacts with a brain-derived neu-
rotrophic factor as a means for prevention or treatment of nerve pain or the like after zoster.
[0005] Patent Literature 2 discloses an inhibitor of endocytosis-dependent DNA uptake which enhances the function
of a DNase X protein, and discloses a method for indirectly predicting a pathological condition caused by Varicella-
Zoster Virus or the like using human DNase X as an antigen.

Background Art Literature

Patent Literature

[0006]

Patent Literature 1: Japanese Patent No. 5279504
Patent Literature 2: JP-A-2008-253188

Summary of Invention

Problems to be Solved by Invention

[0007] However, the method described in Patent Literature 1 is a method for detecting the cause of nerve pain induced
by VZV or treating nerve pain, and is not a method for specifically detecting VZV. Further, the method described in
Patent Literature 2 is also not a method for directly detecting VZV itself, but is a method for indirectly predicting a
pathological condition using human DNase X as an antigen.
[0008] In this manner, a method for specifically detecting VZV has not been established so far, and infection with VZV
could not be diagnosed rapidly. Therefore, an object of the present invention is to provide a means for diagnosing
infection with VZV rapidly.

Means for Solving Problems

[0009] VZV has Varicella-Zoster Virus glycoprotein E (hereinafter also referred to as "VZVgE") which is a glycoprotein
and has a function to capture Fc region in an immunoglobulin G. This VZVgE has an about 50% homology in the amino
acid sequence with glycoprotein E (gE) of the other α-herpesviruses (for example, HSV, BHV, FeHV, etc.), and the gE
proteins of these viruses have similar functions and structures.
[0010] The inventors of the present invention conducted intensive studies by focusing on the above-mentioned VZVgE
as a means for directly detecting VZV, and as a result, they found that an antibody which recognizes a certain specific
region of VZVgE can specifically detect VZV without showing crossreactivity with the other α-herpesviruses.
[0011] Then, they found that infection of humans with VZV can be diagnosed rapidly and simply by using an immun-
ochromatographic analysis device using an antibody which recognizes a specific region of VZVgE, and thus accomplished
the present invention.
[0012] Namely, the present invention is described below.
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1. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), containing a sample addition part, a labeling substance retaining part, a chromato-
graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part contains an antibody which
recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.
2. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), containing a sample addition part, a labeling substance retaining part, a chromato-
graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part contains an antibody which
recognizes the amino acid sequence at positions 108 to 135 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.
3. The immunochromatographic analysis device according to claim 1 or 2, wherein a sample to be added to the
sample addition part is a blister’s fluid containing the Varicella-Zoster Virus.
4. The immunochromatographic analysis device according to any one of claims 1 to 3, wherein a labeling substance
contained in the labeling substance retaining part is a gold nanoparticle, and the labeling substance retaining part
contains the gold nanoparticles in an amount of 0.05 to 1.5 mg/cm2.
5. An immunochromatographic analysis kit containing the immunochromatographic analysis device according to
any one of claims 1 to 4, and a specimen diluent for diluting and developing a specimen.
6. The immunochromatographic analysis kit according to claim 5, wherein the specimen diluent contains at least
one type of nonionic surfactant.
7. An immunochromatographic analysis method, which is a method for detecting Varicella-Zoster Virus (VZV) in a
specimen using an immunochromatographic analysis device including a sample addition part, a labeling substance
retaining part, a chromatographic medium part having a detection part, and an absorption part, wherein at least one
of the labeling substance retaining part and the detection part of the immunochromatographic analysis device
contains an antibody which recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of the
Varicella-Zoster Virus (VZVgE) composed of the amino acid sequence of SEQ ID NO: 1, and the method includes
the following steps (1) to (4):

(1) a step of adding solution containing specimen obtained by diluting a specimen with a specimen diluent to
the sample addition part;
(2) a step of allowing an antibody retained in the labeling substance retaining part to recognize Varicella-Zoster
Virus;
(3) a step of developing the specimen and the antibody in the chromatographic medium part as a mobile phase;
and
(4) a step of detecting Varicella-Zoster Virus in the developed mobile phase by an antibody contained in the
detection part.

Effects of Invention

[0013] The present invention is an immunochromatographic analysis device using an antibody which binds to a specific
region of glycoprotein E (gE) of Varicella-Zoster Virus (VZV). By using the immunochromatographic analysis device of
the present invention, VZV can be specifically detected rapidly and simply. Namely, the diagnosis of varicella or zoster
can be performed more reliably and rapidly.

Brief Description of Drawings

[0014] [FIG. 1] FIG. 1 is a cross-sectional view for illustrating the structure of an immunochromatographic analysis
device of one embodiment of the present invention.

Description of Embodiments

[0015] Hereinafter, embodiments for carrying out the present invention will be described.
[0016] The immunochromatographic analysis device for detecting Varicella-Zoster Virus (VZV) of the present invention
includes a sample addition part where a specimen is added, a labeling substance retaining part where a labeling substance
is retained, a chromatographic medium part having a detection part where VZV is detected, and an absorption part
where a liquid having passed through the detection part is absorbed, and is characterized in that both the labeling
substance retaining part and the detection part contain an antibody which recognizes VZV glycoprotein E (hereinafter
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also referred to as "VZVgE"), and in particular, at least one of the labeling substance retaining part and the detection
part contains an antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE composed of the
amino acid sequence of SEQ ID NO: 1.
[0017] Preferably, at least one of the labeling substance retaining part and the detection part contains an antibody
which recognizes the amino acid sequence at positions 48 to 135 of VZVgE composed of the amino acid sequence of
SEQ ID NO: 1.
[0018] More preferably, at least one of the labeling substance retaining part and the detection part contains an antibody
which recognizes at least one of the amino acid sequences at positions 48 to 88, at positions 89 to 107, and at positions
108 to 135 of VZVgE composed of the amino acid sequence of SEQ ID NO: 1.
[0019] Particularly preferably, at least one of the labeling substance retaining part and the detection part contains an
antibody which recognizes the amino acid sequence at positions 108 to 135 of VZVgE composed of the amino acid
sequence of SEQ ID NO: 1.
[0020] Hereinafter, a case where at least one of the labeling substance retaining part and the detection part contains
an antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE composed of the amino acid
sequence of SEQ ID NO: 1 will be described as an example, however, a preferred embodiment of the antibody contained
in at least one of the labeling substance retaining part and the detection part is as described above.
[0021] Varicella-Zoster Virus (VZV) belongs to the α-herpesvirinae and is a pathogenic mediator of varicella and zoster.
Varicella-Zoster Virus glycoprotein E (VZVgE) which is one of the glycoproteins of this VZV is composed of 623 amino
acids represented by SEQ ID NO: 1, and is constituted by an extracellular domain corresponding to the amino acid
sequence at positions 1 to 544, a transmembrane domain (TM) corresponding to the amino acid sequence at positions
545 to 562, and a cytoplasmic tail corresponding to the amino acid sequence at positions 563 to 623 (Jurie K. et al.,
Journal of Virology, Jan. 1997, pp. 110-119).
[0022] Among the antibodies to be used in the present invention, an antibody contained in at least one of the labeling
substance retaining part and the detection part of the below-mentioned immunochromatographic analysis device rec-
ognizes the amino acids at positions 1 to 188 of the amino acid sequence of VZVgE. Here, in this description, the word
"recognizes" in the phrase "an antibody recognizes a certain specific amino acid sequence" means that the antibody
binds to the specific amino acid sequence with higher affinity than the other amino acid sequences.
[0023] As described above, VZVgE has an about 50% amino acid sequence homology with the gE of the other α-
herpesviruses. In the present invention, by using an antibody which recognizes the amino acid sequence at positions 1
to 188 of VZVgE, an immunochromatographic analysis device which specifically detects VZV without crossreaction with
the other α-herpesviruses with a high homology can be provided.
[0024] In the immunochromatographic analysis device of the present invention, an antibody which recognizes the
amino acid sequence at positions 1 to 188 of VZVgE is previously incorporated in at least one of the labeling substance
retaining part and the detection part thereof. Namely, the above-mentioned antibody may be previously incorporated
only in the labeling substance retaining part, or the above-mentioned antibody may be previously incorporated only in
the detection part, or the above-mentioned antibody may be previously incorporated in both the labeling substance
retaining part and the detection part.
[0025] Above all, it is preferred that the above-mentioned antibody may be previously incorporated in only either one
of the labeling substance retaining part and the detection part. This is considered to be because when a region of VZVgE
recognized by an antibody (hereinafter also referred to as "first antibody") supported on the labeling substance retaining
part and a region of VZVgE recognized by an antibody (hereinafter also referred to as "second antibody") supported on
the detection part are different from each other, a sandwich structure as shown below is formed without masking the
epitope by antibody binding, or without undergoing an interaction such as an effect of the conformational change of an
antigen, and therefore, the detection sensitivity is improved.
[0026] Namely, firstly, the antibody (first antibody) supported on the labeling substance retaining part binds to a portion
of VZVgE. Subsequently, the antibody (second antibody) fixed on the detection part binds to another portion which is
different from the portion to which the first antibody binds, whereby a sandwich structure is formed such that VZVgE is
interposed between the antibodies, and as a result, it is considered that VZV is detected.

(Method for Producing Antibody)

[0027] In this description, the "antibody" includes natural antibodies such as a polyclonal antibody and a monoclonal
antibody, a chimeric antibody, a humanized antibody, and a single-stranded antibody, which can be produced by using
a gene recombination technique, a human antibody which can be produced by using a human antibody-producing
transgenic animal or the like, an antibody produced by phage display, and binding fragments thereof.
[0028] Examples of an animal species which produces the antibody include a human, a mouse, a rat, a rabbit, a goat,
and a horse. The immunoglobulin may be any of IgG, IgM, IgA, IgE, and IgD.
[0029] In one embodiment, the VZVgE peptide as an immunogen can be produced by a known general production
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method. Namely, a gE protein extracted and purified from VZV containing the amino acid sequence of SEQ ID NO: 1,
or a gE protein obtained by expressing a cloned gE protein gene in a host such as E. coli through genetic engineering
followed by extraction and purification, or further a polypeptide constituting a portion of the gE protein can be used as
an immunogen.
[0030] The monoclonal antibody is obtained according to a conventional method as follows. The spleen cells and
myeloma cells of a mouse immunized with the above-mentioned immunogen are fused, and a hybridoma which produces
a target antibody is selected, and a monoclonal antibody produced from this hybridoma is obtained [see, for example,
the method of Kohler and Milstein [Nature, 256 (1975), 495-497].
[0031] The polyclonal antibody is obtained by separating a target antibody from an antiserum obtained by immunizing
an antibody-producing animal (for example, a human, a mouse, a rat, a rabbit, a goat, a horse, etc.) with the above-
mentioned immunogen according to a conventional method.
[0032] The screening of the hybridoma clone which produces a monoclonal antibody can be performed by culturing
the hybridoma in, for example, a microtiter plate, and the reactivity with the immunogen in a culture supernatant in a
well in which proliferation is observed is measured by, for example, an enzyme immunoassay method such as ELISA.
[0033] This hybridoma is cultured using a culture medium (for example, DMEM containing 10% fetal bovine serum),
and the centrifugal supernatant of the culture solution can be used as a monoclonal antibody solution. Further, this
hybridoma is injected into the abdominal cavity of an animal from which this hybridoma is derived so as to allow the
animal to produce an ascites, and the obtained ascites can be used as a monoclonal antibody solution. The monoclonal
antibody is preferably isolated and/or purified.
[0034] Among the antibodies which recognize VZVgE, an antibody which recognizes a specific region of the amino
acid sequence of VZVgE can be obtained by, for example, selecting a hybridoma which produces an antibody that shows
a higher reactivity with the specific region of the amino acid sequence of VZVgE from the hybridomas which produce
an antibody that recognizes VZVgE by Western blotting or the like with using a fragment of a protein corresponding to
the specific region of the amino acid sequence of VZVgE.
[0035] For example, the antibody which specifically recognizes the amino acid sequence at positions 1 to 188 of
VZVgE is obtained by performing screening as described below. For example, as described later in Examples, the
antibody can be obtained by selecting a hybridoma which produces an antibody that shows a higher reactivity with the
amino acid sequence at positions 1 to 188 of VZVgE among the hybridomas which produce the antibody that recognizes
VZVgE using a protein fragment at positions 1 to 188 of the amino acid sequence of VZVgE. The antibodies which
specifically recognize the amino acid sequences at positions 48 to 88, at positions 89 to 107, and at positions 108 to
135 of VZVgE can also be obtained in the same manner as described above.
[0036] Hereinabove, the method for producing the antibody to be used in the present invention has been described,
and will be specifically described in detail in Examples.

(Immunochromatographic Analysis Device of the Present Invention)

[0037] Next, one embodiment of the immunochromatographic analysis device of the present invention will be described
with reference to the drawing. In this connection, in this description, the "fixing" means that the antibody is placed on a
carrier such as a membrane so that the antibody does not move, and the "retaining" means that the antibody is movably
placed in a carrier such as a membrane or on the surface thereof.
[0038] As shown in FIG. 1, according to one embodiment of the immunochromatographic analysis device of the present
invention, the device is constituted by a sample addition part (1), a labeling substance retaining part (2), a chromatographic
medium part (3), a detection part (4), an absorption part (5), and a backing sheet (6).
[0039] The sample addition part (1) is a part where a sample which contains a specimen is added in the immunochro-
matographic analysis device. The sample addition part (1) can be constituted by a porous sheet having a property such
that the sample is rapidly absorbed and the specimen promptly migrates therein. Examples of the porous sheet include
a cellulose filter paper, glass fiber, polyurethane, polyacetate, cellulose acetate, nylon, and a cotton cloth.
[0040] The labeling substance retaining part (2) contains the below-mentioned labeling substance, and the labeling
substance is retained in the labeling substance retaining part (2) as a labeling antibody in which the labeling substance
and an antibody are bound to each other. The antibody (first antibody) which binds to the labeling substance is an
antibody which recognizes VZVgE as described above.
[0041] In a case where the antibody (second antibody) which is incorporated in the below-mentioned detection part
is not an antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE among the antibodies
which recognize VZVgE, as the antibody (first antibody) which binds to the labeling substance, an antibody which
recognizes the amino acid sequence at positions 1 to 188 of VZVgE is used. When a specimen migrates in the labeling
substance retaining part, the labeling antibody (first antibody) and VZV in the specimen bind to each other. In the labeling
substance retaining part (2), glass fiber and a membrane of cellulose or the like are generally used.
[0042] The content of the antibody (first antibody) in the labeling substance retaining part is generally from 0.03 to
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0.50 mg/device, preferably from 0.05 to 0.4 mg/device, more preferably from 0.1 to 0.3 mg/device. Further, the content
of the antibody (first antibody) per unit area of the labeling substance retaining part is generally from 0.05 to 1.0 mg/cm2,
preferably from 0.1 to 0.8 mg/cm2, and more preferably from 0.17 to 0.6 mg/cm2.
[0043] In the labeling of a detection reagent in an immunochromatographic analysis, an enzyme or the like is also
generally used, however, it is preferred to use an insoluble carrier as the labeling substance since it is suitable for
determining the presence of a detection target by visual observation. The labeled detection reagent can be prepared by
sensitizing the antibody to the insoluble carrier. In this connection, a method for sensitizing the antibody to the insoluble
carrier may be performed in accordance with a known method.
[0044] As the insoluble carrier to serve as the labeling substance, metal particles such as gold, silver, or platinum,
metal oxide particles such as iron oxide, non-metal particles such as sulfur, latex particles composed of a synthetic
polymer, or other insoluble carriers can be used.
[0045] As described above, the insoluble carrier is the labeling substance suitable for visually determining the presence
of the detection target, and is preferably a colored substance in order to facilitate the determination by visual observation.
The metal particles and the metal oxide particles exhibit a specific natural color per se according to the particle diameter,
and the color can be utilized as a label.
[0046] In particular, gold nanoparticles are preferred since detection is simple, aggregation is less likely to occur, and
also nonspecific color development is less likely to occur. The average particle diameter of the gold nanoparticles is, for
example, from 10 nm to 250 nm, and preferably from 35 nm to 120 nm. The average particle diameter can be obtained
by randomly measuring the projected area circle equivalent diameters of 100 particles using a projected image taken
by a transmission electron microscope (TEM, manufactured by JEOL Ltd., JEM-2010), and calculating the average of
the projected area circle equivalent diameters.
[0047] The amount of the gold nanoparticles contained in the labeling substance retaining part per unit area of the
labeling substance retaining part is generally from 0.025 to 1.5 mg/cm2, preferably from 0.05 to 1.5 mg/cm2, more
preferably from 0.1 to 1.0 mg/cm2, further more preferably from 0.2 to 0.6 mg/cm2. This is because by setting the amount
within the above range, the labeled particles are developed with being dispersed, and high sensitivity can be achieved
without inhibiting the recognition site of the antibody.
[0048] The chromatographic medium part (3) is a developing part in a chromatograph. The chromatographic medium
part (3) is an inactive membrane composed of a microporous material exhibiting a capillary phenomenon. From the
viewpoint of having no reactivity with a detection reagent, a fixing reagent, a detection target, and the like to be used in
the chromatograph and also from the viewpoint of enhancing the effect of the present invention, for example, a membrane
made of nitrocellulose (hereinafter also referred to as "nitrocellulose membrane") or a membrane made of cellulose
acetate (hereinafter also referred to as "cellulose acetate membrane") is preferred, and a nitrocellulose membrane is
more preferred. In this connection, it is also possible to use a cellulose-based membrane, a nylon membrane, and a
porous plastic cloth (polyethylene, polypropylene, etc.).
[0049] The nitrocellulose membrane may be any as long as it contains nitrocellulose as a main component, and a
membrane which contains nitrocellulose as a main material such as a pure product or a nitrocellulose mixed product
can be used.
[0050] It is also possible to further incorporate a substance which promotes a capillary phenomenon in the nitrocellulose
membrane. As the substance, a substance which lowers the surface tension of the membrane surface to impart hy-
drophilicity is preferred. For example, a substance which has an amphiphilic action; does not affect the migration of the
detection target; and does not affect the color development of the labeling substance such as a saccharide, an amino
acid derivative, a fatty acid ester, any of a variety of synthetic surfactants, or an alcohol is preferred.
[0051] The nitrocellulose membrane is a porous material and exhibits a capillary phenomenon. The index of this
capillary phenomenon can be confirmed by measuring a water absorption speed (a water absorption time: a capillary
flow time). The water absorption speed affects the detection sensitivity and the test time.
[0052] The form and size of the chromatographic medium part (3) represented by a nitrocellulose membrane or a
cellulose acetate membrane as described above are not particularly limited, and may be any as long as they are appro-
priate in terms of actual operation and observation of the reaction result.
[0053] Further, in order to make the operation simpler, it is preferred to provide a support made of a plastic or the like
on the rear surface of the chromatographic medium part (3). The property of this support is not particularly limited,
however, in a case where the measurement result is observed by visual determination, the support preferably has a
color which is not similar to the color brought about by the labeling substance, and is generally preferably colorless or white.
[0054] The detection part (4) is formed on the chromatographic medium part (3). Namely, an antibody which recognizes
VZV is fixed at an arbitrary position on the chromatographic medium part (3). The fixing of the antibody can be performed
according to a conventional method. As for the antibody (second antibody), in a case where the antibody (first antibody)
which binds to the labeling substance is not an antibody which recognizes the amino acid sequence at positions 1 to
188 of VZVgE among the antibodies which recognize VZVgE, as the antibody (second antibody) which is incorporated
in the detection part, an antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE is used.
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[0055] The content of the antibody (second antibody) in the detection part (4) is generally from 0.1 to 3.0 mg/device,
preferably from 0.3 to 2.0 mg/device, and more preferably from 0.3 to 1.0 mg/device. Further, the content of the antibody
(second antibody) per unit area of the detection part (4) is generally from 0.04 to 1.0 g/cm2, preferably from 0.125 to 0.8
mg/cm2, and more preferably from 0.125 to 0.42 mg/cm2.
[0056] Further, on the chromatographic medium part (3), in order to prevent the decrease in the analysis accuracy
due to nonspecific adsorption, according to need, the chromatographic medium part (3) may be subjected to a blocking
treatment by a known method. In general, in the blocking treatment, a protein such as bovine serum albumin, skim milk,
casein, or gelatin is preferably used. After such a blocking treatment, according to need, for example, washing may be
performed by using one surfactant or a combination of two or more surfactants selected from Tween 20, Triton X-100,
SDS, etc.
[0057] In the detection part (4), an anti-IgG antibody application part (control region) on which an anti-IgG antibody is
fixed as a control other than the above-mentioned second antibody may be provided. The region is configured such that
the labeling substance of the labeling antibody which did not react with the antigen or the labeling substance of the
labeling antibody which did not react with the second antibody reacts with the anti-IgG antibody in this anti-IgG antibody
application part and is fixed thereon, and therefore functions as a control which shows that development is carried out
normally.
[0058] The absorption part (5) is provided for absorbing a liquid of the specimen, the developing solution, or the like
having passed through the detection part (4) at an end of the chromatographic medium part (3). In the immunochroma-
tographic analysis device of the present invention, as the absorption part (5), for example, a material in which a polymer
such as an acrylic acid polymer and a hydrophilic agent having an ethylene oxide group or the like are incorporated in
glass fiber, pulp, cellulose fiber, or the like or a non-woven fabric thereof is used. Particularly preferably, glass fiber is
used. When the absorption part (5) is composed of glass fiber, the backward migration of the sample solution can be
greatly reduced.
[0059] The backing sheet (6) is a base material. By applying an adhesive to one surface or sticking an adhesive tape
to one surface, the surface has adhesiveness, and on the adhesive surface, part or all of the sample addition part (1),
the labeling substance retaining part (2), the chromatographic medium part (3), the detection part (4), and the absorption
part (5) are provided in close contact with the surface. The backing sheet (6) is not particularly limited as the base
material as long as it becomes impermeable to a sample solution and also is impermeable to moisture by the adhesive.
[0060] The immunochromatographic analysis device prepared as described above is generally subjected to a drying
treatment before making into a product. The drying temperature is, for example, from 20 to 50°C, and the drying time is
from 0.5 to 1 hour.

(Immunochromatographic Analysis Kit of the Present Invention)

[0061] The immunochromatographic analysis kit of the present invention includes the above-mentioned immunochro-
matographic analysis device and a specimen diluent for diluting and developing a specimen.
[0062] The specimen diluent in the immunochromatographic analysis kit of the present invention can also be used as
a developing solution. In general, water is used as a solvent, and a buffer solution, a salt, and a nonionic surfactant, and
further, for example, one type or two or more types of a protein, a polymeric compound (such as PVP), a nonionic
surfactant or a polyanion, or an antimicrobial agent, a chelating agent, etc. for promoting an antigen-antibody reaction
or suppressing a nonspecific reaction may be added thereto.
[0063] Examples of the nonionic surfactant include Triton X-100 (trade name, polyethylene glycol mono-p-isooctyl-
phenyl ether), Tween 20 (trade name, polyoxyethylene sorbitan monolaurate), NP-40 (trade name, Nonidet 40), Brij 35,
and NONION MN-811 (manufactured by NOF CORPORATION), and one type or two or more types may be added.
[0064] Preferably, the nonionic surfactant contained in the specimen diluent includes one or more types of nonionic
surfactants having an HLB value of 6 to 12. More preferably, it includes one or more types of nonionic surfactants having
an HLB value of 7 to 11, and most suitably having an HLB value of 8 to 10.
[0065] As the nonionic surfactant having an HLB value of 6 to 12, preferably, a polyoxyalkylene ether with a hydroxy
group at one end is used. An alkyl group at one end may be linear or branched, and also an alkyl moiety of a repeating
alkyl ether group may be linear or branched.
[0066] Further, it is more preferred that the nonionic surfactant contained in the specimen diluent not only includes
one or more types of nonionic surfactants having an HLB value of 6 to 12, but also includes one or more types of nonionic
surfactants having an HLB value of 13 to 18.
[0067] As for the blending ratio thereof, the mass ratio of the total amount (B) of the nonionic surfactants having an
HLB value of 13 to 18 to the total amount (A) of the nonionic surfactants having an HLB value of 6 to 12 is preferably
as follows: A:B = 30:70 to 70:30. More preferably, these nonionic surfactants are used at a blending ratio as follows:
A:B = 40:60 to 60:40.
[0068] Alternatively, in order to extract the detection target (VZVgE or the like) from the specimen in the specimen
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diluent, a known hydrophobic substance such as an alcohol may be incorporated in the specimen diluent or may be
added thereto immediately after collecting the specimen. By incorporating or adding the hydrophobic substance in the
specimen diluent, the detection target (VZVgE or the like) can be extracted from the specimen at the same time as when
the specimen is diluted, and therefore, the time and labor for extraction in advance can be omitted, and also the detection
sensitivity can be enhanced, and thus, this operation is preferred.
[0069] In a case where the specimen diluent is used as a developing solution, solution containing specimen obtained
by mixing the specimen and the developing solution in advance can be supplied and added onto the sample addition
part to effect development, or the specimen is supplied and added onto the sample addition part in advance, and
thereafter, the developing solution may be supplied and added onto the sample addition part to effect development.

(Immunochromatographic Analysis Method of the Present Invention)

[0070] The immunochromatographic analysis method of the present invention includes the following steps (1) to (4),
and is a method for detecting Varicella-Zoster Virus (VZV) which is a detection target contained in a specimen using the
above-mentioned immunochromatographic analysis device, and is an immunochromatographic analysis method, in
which at least one of the labeling substance retaining part and the detection part of the immunochromatographic analysis
device contains an antibody that recognizes the amino acid sequence at positions 1 to 188 of Varicella-Zoster Virus
glycoprotein E (VZVgE) composed of the amino acid sequence of SEQ ID NO: 1, and which includes the following steps
(1) to (4).

(1) a step of adding solution containing specimen obtained by diluting a specimen with a specimen diluent to the
sample addition part
(2) a step of allowing an antibody retained in the labeling substance retaining part to recognize Varicella-Zoster Virus
(3) a step of developing the specimen and the antibody in the chromatographic medium part as a mobile phase
(4) a step of detecting Varicella-Zoster Virus in the developed mobile phase by an antibody contained in the detection
part

[0071] Both the labeling substance retaining part and the detection part in the above-mentioned immunochromato-
graphic analysis device used in the immunochromatographic analysis method of the present invention contain an antibody
which recognizes VZVgE. In particular, at least one of the labeling substance retaining part and the detection part contains
an antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE composed of the amino acid
sequence of SEQ ID NO: 1.
[0072] Further, the antibody contained in at least one of the labeling substance retaining part and the detection part
is preferably an antibody which recognizes the amino acid sequence at positions 48 to 135 of VZVgE composed of the
amino acid sequence of SEQ ID NO: 1.
[0073] More preferably, at least one of the labeling substance retaining part and the detection part contains an antibody
which recognizes at least one of the amino acid sequences at positions 48 to 88, at positions 89 to 107, and at positions
108 to 135 of VZVgE composed of the amino acid sequence of SEQ ID NO: 1.
[0074] Particularly preferably, at least one of the labeling substance retaining part and the detection part contains an
antibody which recognizes the amino acid sequence at positions 108 to 135 of VZVgE composed of the amino acid
sequence of SEQ ID NO: 1.
[0075] The respective steps will be described below.

(1) Step of adding specimen-containing solution obtained by diluting specimen with specimen diluent to sample addition 
part

[0076] In the step (1), in the first place, solution containing specimen is preferably formed by appropriately preparing
or diluting a specimen with a specimen diluent to such a concentration that the specimen migrates smoothly in the
immunochromatographic medium without decreasing the measurement accuracy. As the specimen diluent, the above-
mentioned specimen diluent can be used. In the second place, the specimen-containing solution is added onto the
sample addition part (1) in a predetermined amount (generally from 0.1 to 2 mL). When the specimen-containing solution
is added, the specimen-containing solution starts to migrate in the sample addition part (1).
[0077] The specimen used in the present invention is a specimen which may contain Varicella-Zoster Virus which is
a detection target. Specifically, although a blister’s fluid obtained by puncturing a blister of a patient infected with Varicella-
Zoster Virus, a pharyngeal swab, or the like is exemplified, the specimen is not limited thereto.
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(2) Step of allowing antibody retained in labeling substance retaining part to recognize Varicella-Zoster Virus

[0078] The step (2) is a step in which the specimen-containing solution added to the sample addition part in the step
(1) is allowed to migrate to the labeling substance retaining part (2), and the antibody (first antibody) to which a labeling
substance retained in the labeling substance retaining part has bound is allowed to recognize Varicella-Zoster Virus
glycoprotein E (VZVgE) which is the detection target in the specimen.
[0079] As the labeling substance, the above-mentioned substance can be used. The antibody (first antibody) which
binds to the labeling substance is an antibody which recognizes VZVgE as described above. This antibody recognizes
and binds to VZVgE in the specimen developed from the sample addition part. Particularly, in a case where the antibody
(first antibody) which binds to the labeling substance is the former antibody which recognizes the amino acid sequence
at positions 1 to 188 of VZVgE, the antibody recognizes and binds to the amino acid sequence at positions 1 to 188 of
VZVgE in the specimen developed from the sample addition part.

(3) Step of developing specimen and antibody in chromatographic medium part as mobile phase

[0080] The step (3) is a step in which after Varicella-Zoster Virus which is the detection target is recognized by the
antibody to which the labeling substance has bound in the labeling substance retaining part in the step (2), the specimen
and the antibody are allowed to pass on the chromatographic medium part as a mobile phase.

(4) Step of detecting Varicella-Zoster Virus in developed mobile phase by antibody contained in detection part

[0081] The step (4) is a step in which VZVgE in Varicella-Zoster Virus in the specimen having passed on the chroma-
tographic medium part as the mobile phase is specifically reacted and bound so as to be interposed like a sandwich
between the antibody fixed on the detection part and the antibody to which the labeling substance has bound in the step
(2) by an antigen-antibody specific binding reaction, and the detection part is colored.
[0082] The antibody (second antibody) is an antibody which recognizes VZVgE as described above. In a case where
the antibody (first antibody) which binds to the labeling substance is the latter antibody which is not an antibody that
recognizes the amino acid sequence at positions 1 to 188 of VZVgE among the antibodies which recognize VZVgE, an
antibody which recognizes the amino acid sequence at positions 1 to 188 of VZVgE is incorporated in this detection part.
[0083] The antibody recognizes and binds to VZVgE in the specimen developed from the labeling substance retaining
part. Particularly, in a case where the antibody (second antibody) is the former antibody which recognizes the amino
acid sequence at positions 1 to 188 of VZVgE, the antibody recognizes and binds to the amino acid sequence at positions
1 to 188 of VZVgE, which has been developed from the labeling substance retaining part, and to which the first antibody
has bound so as to effect capture.
[0084] In a case where only either one of the labeling substance retaining part and the detection part contains an
antibody which recognizes and binds to the amino acid sequence at positions 1 to 188 of VZVgE, the antibody (second
antibody) fixed on the detection part binds to another portion which is different from the portion to which the antibody
(first antibody) supported on the labeling substance retaining part has bound so as to interpose the detection target
therebetween like a sandwich, and the detection part is colored.
[0085] In a case where Varicella-Zoster Virus which is the detection target is not present, the labeling reagent dissolved
in an aqueous component of the sample does not cause a specific binding reaction even if it passes through the detection
part on the chromatographic medium part, and therefore, the detection part is not colored.
[0086] Finally, the aqueous component of the specimen-containing solution migrates to the absorption part (5).

Examples

[0087] Hereinafter, the present invention will be further described by way of Examples, however, the present invention
is not limited to the following examples.

[Test Example 1] Preparation of Antibody which Recognizes VZVgE

[0088] The amino acid sequence (SEQ ID NO: 1) of the gE protein of VZV (VZVgE) was obtained from the DDBJ (the
data base of the National Institute of Genetics). From the amino acid sequence of VZVgE, an amino acid sequence (at
positions 1 to 544) represented by SEQ ID NO: 2, which is an extracellular domain excluding the transmembrane domain,
was specified, and a gene sequence corresponding thereto was synthesized. After cleaving pET302/NT-His which is a
His-tag expression vector by the restriction enzyme EcoRI, the resulting fragments were treated with alkaline phosphatase
as a dephosphorylation treatment, and then mixed with the above-synthesized gene sequence, and a ligation reaction
was performed with using DNA Ligation Kit Ver. 2 (Takara Bio, Inc.).
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[0089] A recombinant VZVgE plasmid integrated with a target gene was transfected into a recombinant protein ex-
pression host E. coli BL(DE3)pLysS (Novagen). A transformant was cultured on an LB agar plate culture medium, and
an obtained colony was cultured in an LB liquid culture medium. Further, 1 mM IPTG (Takara Bio, Inc.) was added
thereto to induce the expression of the recombinant VZVgE, and then, the E. coli was recovered. The recovered E. coli
was resuspended in a lysate buffer [0.5% Triron X-100 (Sigma), 10 mM imidazole, 20 mM phosphate, and 0.5 M NaCl
(pH 7.4) (Amersham)], and lysed by a sonication treatment, and then, the recombinant VZVgE was purified using His
trap Kit (Amersham). The purified protein was dialyzed against phosphate buffered saline (hereinafter, referred to as
"PBS"), and thus, the target recombinant VZVgE was prepared.
[0090] By using the obtained recombinant VZVgE as the immunization antigen, a monoclonal antibody for the recom-
binant VZVgE (hereinafter referred to as "anti-VZVgE antibody") was prepared. The preparation of the monoclonal
antibody was performed according to a conventional method as follows. After mixing 100 mg of the recombinant VZVgE
with the same amount of Adjuvant Complete Freund (Difco), a mouse (BALB/c, 5 weeks of age, Japan SLC, Inc.) was
immunized with the mixture 3 times, and then, the spleen cells thereof were used for cell fusion. For the cell fusion,
Sp2/0-Agl4 cells (Shulman et al., Nature, 276, 269-270, 1978) which were mouse myeloma cells were used. In the
culturing of the cells, a culture medium obtained by adding 0.3 mg/mL L-glutamine, 100 units/mL penicillin G potassium,
100 mg/mL streptomycin sulfate, and 40 mg/mL Gentacin to Dulbecco’s modified Eagle medium (Gibco) (DMEM), and
further adding fetal bovine serum (JRH) thereto to give a final concentration of 10% was used. The cell fusion was
performed by mixing the spleen cells of the immunized mouse with the Sp2/0-Agl4 cells, and adding a polyethylene
glycol solution (Sigma) thereto. The resulting fused cells were cultured in HAT-DMEM [serum-supplemented DMEM
containing 0.1 mM sodium hypoxanthine, 0.4 mM aminopterin, and 0.016 mM thymidine (Gibco)], and the production of
the antibody in the culture supernatant was confirmed by the enzyme-linked immunoassay (ELISA). The cells which
were positive for the production of the antibody were cultured in HT-DMEM [serum-supplemented DMEM containing 0.1
mM sodium hypoxanthine and 0.16 mM thymidine], and further, the culturing was continued in serum-supplemented
DMEM.
[0091] The cloned cells were inoculated into the abdominal cavity of a mouse (BALB/c, Retire, Japan SLC, Inc.) into
which 2,6,10,14-tetramethylpentadecane (Sigma) was inoculated in advance, and then, the ascites thereof was collected.
The ascites was applied to a protein G column, whereby the monoclonal antibody was purified.
[0092] FInally, 23 clones of cells which produce a monoclonal antibody which recognizes VZVgE were obtained.

[Test Example 2] Screening of Cell which Produces Antibody that Recognizes Amino Acid Sequence at Positions 1 to 
188 of VZVgE

[0093] In order to screen a cell which produces an antibody that recognizes the amino acid sequence at positions 1
to 188 of VZVgE from the 23 clones of cells which produce a monoclonal antibody that recognizes VZVgE obtained in
Test Example 1, the following experiment was performed.
[0094] In the same manner as in Test Example 1, a recombinant protein composed of the amino acid sequence at
positions 1 to 188 of VZVgE composed of the amino acid sequence of SEQ ID NO: 1 was prepared and used in the
following experiment.
[0095] After mixing 0.01 mg/mL solution of the prepared VZVgE recombinant protein (amino acid sequence at positions
1 to 188) with the same amount of 23 Tris-Glycine SDS Sample Buffer (manufactured by TEFCO) supplemented with
10% 2-mercaptoethanol, heating was carried out at 100°C for 10 minutes, and the resulting mixture was subjected to
SDS-PAGE. The SDS-PAGE was performed according to a known standard method using Ready Gel J5-20% 12 well
(manufactured by Bio-Rad, Inc.). A protein was transferred from the gel after the electrophoresis to Sequi-Blot PVDF
Membrane (manufactured by Bio-Rad, Inc.) using a blotting device (manufactured by Bio-Rad, Inc.). The PVDF mem-
brane after the transfer was blocked with ImmunoBlock (DS Pharma Laboratories) at room temperature for 1 hour.
[0096] The blocking solution was removed, and the PVDF membrane was washed with PBS containing 0.05% Tween
20 (trade name) (hereinafter, referred to as "T-PBS") for 10 minutes three times, then the resulting PVDF membrane
was incubated at room temperature for 1 hour together with the culture supernatant containing the monoclonal antibody
produced from each of the 23 clones of monoclonal antibody-producing cells obtained in Test Example 1. Each antibody
was prepared at a concentration of 10 mg/mL and was allowed to react with the VZVgE recombinant protein in an amount
of 1.0 mg per lane. After washing the PVDF membrane with T-PBS for 10 minutes three times, the PVDF membrane
was incubated at room temperature for 30 minutes together with alkaline phosphatase-labeled anti-mouse IgG (manu-
factured by Sigma, Inc.) diluted 5000-fold with T-PBS. After washing with T-PBS for 10 minutes three times, the PVDF
membrane was incubated together with 1-Step™ NBT/BCIP (manufactured by Pierce, Inc.) that is a chromogenic sub-
strate, whereby the antibody bound to the PVDF membrane was visualized. As a result, a plurality of bands of 21 kDa
(corresponding to the amino acid sequence at positions 1 to 188 of VZVgE) could be detected from the 23 monoclonal
antibodies. Two types of antibodies were arbitrarily selected from the antibodies to be subjected to the below-mentioned
immunochromatographic analysis test, and the hybridomas which produce the antibody were cloned, then, these two
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independent clones were selected and named Hybridomas A and B, respectively. Further, the antibodies produced by
Hybridomas A and B were named Antibodies A and B, respectively. Each of these antibodies is an antibody which
recognizes the amino acid sequence at positions 1 to 188 of VZVgE. The subclasses of the monoclonal antibodies
obtained from the two hybridoma strains were both IgG1.

[Test Example 3] Immunochromatographic Analysis

[0097] In this test, an immunochromatographic analysis device using Antibody A or B obtained in Test Example 2 in
either one of the labeling substance retaining part and the detection part was prepared, and an immunochromatographic
analysis was performed.

<Preparation of Immunochromatographic Analysis Device>

(1) Preparation of Sample Addition Part

[0098] As a sample addition part, a non-woven fabric composed of glass fiber (manufactured by Millipore, Inc., 300
mm 3 30 mm) was used.

(2) Preparation of Labeling Substance Retaining Part

[0099] To 0.5 mL of a colloidal gold suspension (manufactured by Tanaka Kikinzoku Kogyo K.K., LC 40 nm), 0.1 mL
of an antibody (either one of Antibodies A and B) diluted with a phosphate buffer solution (pH 7.4) to a concentration of
0.05 mg/mL was added, and the resulting mixture was left to stand at room temperature for 10 minutes.
[0100] Subsequently, 0.1 mL of a phosphate buffer solution (pH 7.4) containing 1 % by mass bovine serum albumin
(BSA) was added thereto, and the resulting mixture was left to stand at room temperature for an additional 10 minutes.
Thereafter, the mixture was thoroughly stirred, and then centrifuged at 8000 3 g for 15 minutes. After removing the
supernatant, 0.1 mL of a phosphate buffer solution (pH 7.4) containing 1 % by mass BSA was added thereto. According
to the above-mentioned procedure, a labeling substance solution was prepared.
[0101] A solution obtained by adding 300 mL of a 10 % by mass trehalose aqueous solution and 1.8 mL of distilled
water to 300 mL of the above-prepared labeling substance solution was added uniformly to a 12 mm 3 300 mm glass
fiber pad (manufactured by Millipore, Inc.), followed by drying with a vacuum dryer, whereby a labeling substance retaining
part was prepared.

(3) Preparation of Chromatographic Medium Part and Detection Part

[0102] As a membrane, a sheet composed of nitrocellulose (manufactured by Millipore, Inc., trade name: HF 120, 300
mm 3 25 mm) was used.
[0103] Subsequently, 150 mL of a solution obtained by diluting an antibody (either one of Antibodies A and B) with a
phosphate buffer solution (pH 7.4) containing 5 % by mass isopropyl alcohol to a concentration of 1.0 mg/mL was applied
to a detection region (detection line) on the dried membrane in a line with a width of 1 mm in an amount of 1 mL/mm (25
mL per sheet) with using a dispenser for immunochromatography "XYZ 3050" (manufactured by BioDot, Inc.).
[0104] Further, in order to confirm the presence or absence of development of a gold nanoparticle labeling reagent
or the developing speed, on the downstream of the detection region, a solution obtained by diluting a goat-derived
antiserum having affinity in a wide range for the gold nanoparticle labeling substance with a phosphate buffer solution
(pH 7.4) was applied to a control region. Thereafter, the solution was dried at 50°C for 30 minutes, and then dried
overnight at room temperature, whereby a chromatographic medium part and a detection part were prepared.

(4) Preparation of Immunochromatographic Analysis Device

[0105] Subsequently, to a base material composed of a backing sheet, the sample addition part, the labeling substance
retaining part, the chromatographic medium part having the detection part, and a non-woven cloth made of glass fiber
as an absorption part for absorbing the developed sample and labeling substance were sequentially bonded. Then, the
resulting material was cut to a width of 5 mm by a cutting machine, whereby an immunochromatographic analysis device
was prepared. The length of the labeling substance retaining part in the sample development direction was set to 12 mm.

(5) Specimen Diluent

[0106] A 50 mM HEPES buffer solution (pH 7.5) containing a mixture of 1 % by mass of a nonionic surfactant NP-40
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(manufactured by Nacalai Tesque, Inc., trade name: Nonidet P-40, HLB value: 17.7) and Nonion MN-811 (manufactured
by NOF CORPORATION, trade name: Nonion MN-811, HLB value: 8.3) at a mass ratio of 1:1 was prepared and used
as a specimen diluent for diluting a specimen.

<Measurement>

[0107] The color development intensity in the detection part was measured in a case where the immunochromato-
graphic analysis device prepared above with using 0.1 mg/mL of the VZVgE (amino acid sequence at positions 1 to
188) recombinant protein prepared in Test Example 2 as the antigen was used. The antigen was diluted 100-fold with
the above-prepared specimen diluent, and the resulting solution was used as solution containing specimen.
[0108] Each of the above-prepared specimen-containing solutions in an amount of 150 mL was placed on the sample
addition part of the immunochromatographic analysis device and developed, and the degree of color development (color
development intensity) in the detection part was confirmed by visual observation. The results are shown in Table 1.
[0109] In this connection, the evaluation criteria in Table 1 are as follows.

6: Color development can be confirmed, but the color is very faint.
++: Strong color development can be confirmed.

[Table 1]

[0110]

[0111] From the results shown in Table 1, it was found that by using an antibody which recognizes the amino acid
sequence at positions 1 to 188 of VZVgE in the immunochromatographic analysis device, VZV can be detected.

[Test Example 4] Screening of Antibody which Recognizes Amino Acid Sequence at Positions 48 to 135 of VZVgE

[0112] In order to screen an antibody which recognizes the amino acid sequence at positions 48 to 135 of VZVgE
among the monoclonal antibodies for VZVgE obtained in Test Example 1, the following experiment was performed.
[0113] A 0.01 mg/mL VZVgE recombinant protein solution (CalBioreagents, Inc.) was mixed with the same amount
of 23 Tris-Glycine SDS Sample Buffer (manufactured by TEFCO) supplemented with 10% 2-mercaptoethanol, followed
by heating at 100°C for 10 minutes, and the resulting mixture was subjected to SDS-PAGE. The SDS-PAGE was
performed according to a known standard method using Ready Gel J5-20% 12 well (manufactured by Bio-Rad, Inc.). A
protein was transferred from the gel after the electrophoresis to Sequi-Blot PVDF Membrane (manufactured by Bio-Rad,
Inc.) with using a blotting device (manufactured by Bio-Rad, Inc.). The PVDF membrane after the transfer was blocked
with ImmunoBlock (DS Pharma Laboratories) at room temperature for 1 hour.
[0114] The blocking solution was removed, and the PVDF membrane was washed with PBS containing 0.05% Tween
20 (trade name) (hereinafter, referred to as "T-PBS") for 10 minutes three times, then the resulting PVDF membrane
was incubated at room temperature for 1 hour together with the culture supernatant containing the monoclonal antibody
produced from each of the 23 clones of monoclonal antibody-producing cells obtained in Test Example 1. Each antibody
was prepared at a concentration of 10 mg/mL and was allowed to react with the VZVgE recombinant protein in an amount
of 1.0 mg per lane. After washing the PVDF membrane with T-PBS for 10 minutes three times, the PVDF membrane
was incubated at room temperature for 30 minutes together with alkaline phosphatase-labeled anti-mouse IgG (manu-
factured by Sigma, Inc.) diluted 5000-fold with T-PBS. After washing with T-PBS for 10 minutes three times, the PVDF
membrane was incubated together with 1-Step™ NBT/BCIP (manufactured by Pierce, Inc.) which is a chromogenic
substrate, whereby the antibody bound to the PVDF membrane was visualized. As a result, six bands of 11 kDa (cor-
responding to the amino acid sequence at positions 48 to 135 of VZVgE) corresponding to the VZVgE recombinant
protein could be detected from the 23 monoclonal antibodies. These six independent clones were selected by cloning
the hybridomas which produce the antibodies and named Hybridomas 1, 2, 3, 4, 5, and 6, respectively. Further, the

Table 1

On the detection part side

Antibody A Antibody B

On the labeling substance retaining part side
Antibody A 6 ++

Antibody B ++ 6
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antibodies produced by Hybridomas 1, 2, 3, 4, 5, and 6 were named Antibodies 1, 2, 3, 4, 5, and 6, respectively. In this
connection, Antibody 2 corresponds to Antibody A in Test Examples 2 and 3, and Antibody 6 corresponds to Antibody
B in Test Examples 2 and 3. The subclasses of the monoclonal antibodies obtained from the six hybridoma strains were
all IgG1.

[Test Example 5] Screening of Antibodies which Recognize Amino Acid Sequences at Positions 48 to 88, at Positions 
89 to 107, and at Positions 108 to 135 of VZVgE

[0115] VZVgE peptide fragments (amino acid sequences at positions 48 to 88, at positions 89 to 107, and at positions
108 to 135 of SEQ ID NO: 1) at 0.01 mg/mL were synthesized by a peptide solid-phase synthesis method which is a
conventional peptide chemical synthesis method, and the following experiment was performed. Each of the above-
prepared peptide fragments was mixed with the same amount of 23 Tris-Glycine SDS Sample Buffer (manufactured
by TEFCO) supplemented with 10% 2-mercaptoethanol, followed by heating at 100°C for 10 minutes, and the resulting
mixture was subjected to SDS-PAGE. The SDS-PAGE was performed according to a known standard method with using
Ready Gel J5-20% 12 well (manufactured by Bio-Rad, Inc.). A protein was transferred from the gel after the electrophoresis
to Sequi-Blot PVDF Membrane (manufactured by Bio-Rad, Inc.) with using a blotting device (manufactured by Bio-Rad,
Inc.). The PVDF membrane after the transfer was blocked with ImmunoBlock (DS Pharma Laboratories) at room tem-
perature for 1 hour. The blocking solution was removed, and the PVDF membrane was washed with PBS containing
0.05% Tween 20 (trade name) (hereinafter, referred to as "T-PBS") for 10 minutes three times, then the resulting PVDF
membrane was incubated at room temperature for 1 hour together with the above-prepared Antibody 1, 2, 3, 4, 5, or 6.
Each antibody was prepared at a concentration of 10 mg/mL and was allowed to react with the VZVgE recombinant
protein in an amount of 1.0 mg per lane. After washing the PVDF membrane with T-PBS for 10 minutes three times, the
PVDF membrane was incubated at room temperature for 30 minutes together with alkaline phosphatase-labeled anti-
mouse IgG (manufactured by Sigma, Inc.) diluted 5000-fold with T-PBS. After washing with T-PBS for 10 minutes three
times, the PVDF membrane was incubated together with 1-Step™ NBT/BCIP (manufactured by Pierce, Inc.) which is
a chromogenic substrate, whereby the antibody bound to the PVDF membrane was visualized. The results are shown
in Table 2 in which "-" indicates that a band corresponding to any of the VZVgE peptide fragments (amino acid sequences
at positions 48 to 88, at positions 89 to 107, and at positions 108 to 135 of SEQ ID NO: 1) could not be detected, and
"+" indicates that the band could be detected.

[Table 2]

[0116]

[0117] As a result, it was found that Antibodies 1 to 3 recognize the amino acid sequence at positions 48 to 88 of
VZVgE, Antibodies 4 and 5 recognize the amino acid sequence at positions 108 to 135 of VZVgE, and Antibody 6
recognizes the amino acid sequence at positions 89 to 107 of VZVgE.

[Test Example 6] Immunochromatographic Analysis

[0118] In this test, an immunochromatographic analysis device using any of Antibodies 1 to 6 obtained in Test Example
2 was prepared, and an immunochromatographic analysis was performed.

Table 2

Amino acid seq uence of VZVgE peptide fragment

48 to 88 89 to 107 108 to 135

Antibody 1 + - -

Antibody 2 + - -

Antibody 3 + - -

Antibody 4 - - +

Antibody 5 - - +

Antibody 6 - + -
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<Preparation of Immunochromatographic Analysis Device>

(1) Preparation of Sample Addition Part

[0119] As a sample addition part, a non-woven fabric composed of glass fiber (manufactured by Millipore, Inc., 300
mm 3 30 mm) was used.

(2) Preparation of Labeling Substance Retaining Part

[0120] To 0.5 mL of a colloidal gold suspension (manufactured by Tanaka Kikinzoku Kogyo K.K., LC 40 nm), 0.1 mL
of an antibody (any one of Antibodies 1 to 6) diluted with a phosphate buffer solution (pH 7.4) to a concentration of 0.05
mg/mL was added, and the resulting mixture was left to stand at room temperature for 10 minutes.
[0121] Subsequently, 0.1 mL of a phosphate buffer solution (pH 7.4) containing 1 % by mass bovine serum albumin
(BSA) was added thereto, and the resulting mixture was left to stand at room temperature for an additional 10 minutes.
Thereafter, the mixture was thoroughly stirred, and then centrifuged at 8000 3 g for 15 minutes. After removing the
supernatant, 0.1 mL of a phosphate buffer solution (pH 7.4) containing 1 % by mass BSA was added thereto. According
to the above-mentioned procedure, a labeling substance solution was prepared.
[0122] A solution obtained by adding 300 mL of a 10 % by mass trehalose aqueous solution and 1.8 mL of distilled
water to 300 mL of the above-prepared labeling substance solution was added uniformly to a 12 mm 3 300 mm glass
fiber pad (manufactured by Millipore, Inc.), followed by drying with a vacuum dryer, whereby a labeling substance retaining
part was prepared.

(3) Preparation of Chromatographic Medium Part and Detection Part

[0123] As a membrane, a sheet composed of nitrocellulose (manufactured by Millipore, Inc., trade name: HF 120, 300
mm 3 25 mm) was used.
[0124] Subsequently, 150 mL of a solution obtained by diluting an antibody (any one of Antibodies 1 to 6) with a
phosphate buffer solution (pH 7.4) containing 5 % by mass isopropyl alcohol to a concentration of 1.0 mg/mL was applied
to a detection region (detection line) on the dried membrane in a line with a width of 1 mm in an amount of 1 mL/mm (25
mL per sheet) using a dispenser for immunochromatography "XYZ 3050" (manufactured by BioDot, Inc.).
[0125] Further, in order to confirm the presence or absence of development of a gold nanoparticle labeling reagent
or the developing speed, on the downstream of the detection region, a solution obtained by diluting a goat-derived
antiserum having affinity in a wide range for the gold nanoparticle labeling substance with a phosphate buffer solution
(pH 7.4) was applied to a control region. Thereafter, the solution was dried at 50°C for 30 minutes, and then dried
overnight at room temperature, whereby a chromatographic medium part and a detection part were prepared.

(4) Preparation of Immunochromatographic Analysis Device

[0126] Subsequently, to a base material composed of a backing sheet, the sample addition part, the labeling substance
retaining part, the chromatographic medium part having the detection part, and a non-woven cloth made of glass fiber
as an absorption part for absorbing the developed sample and labeling substance were sequentially bonded. Then, the
resulting material was cut to a width of 5 mm by a cutting machine, whereby an immunochromatographic analysis device
was prepared. The length of the labeling substance retaining part in the sample development direction was set to 12 mm.

(5) Specimen Diluent

[0127] A 50 mM HEPES buffer solution (pH 7.5) containing a mixture of 1 % by mass of a nonionic surfactant NP-40
(manufactured by Nacalai Tesque, Inc., trade name: Nonidet P-40, HLB value: 17.7) and Nonion MN-811 (manufactured
by NOF CORPORATION, trade name: Nonion MN-811, HLB value: 8.3) at a mass ratio of 1:1 was prepared and used
as a specimen diluent for diluting a specimen.

<Measurement>

[0128] The color development intensity in the detection part was measured in a case where the immunochromato-
graphic analysis device prepared above using 0.01 mg/mL of the VZVgE recombinant protein (CalBioreagents, Inc.) as
the antigen was used. The antigen was diluted 100-fold with the above-prepared specimen diluent, and the resulting
solution was used as solution containing specimen.
[0129] Each of the above-prepared specimen-containing solutions in an amount of 150 mL was added onto the sample



EP 3 382 395 A1

15

5

10

15

20

25

30

35

40

45

50

55

addition part of the immunochromatographic analysis device and developed, and the degree of color development (color
development intensity) in the detection part was confirmed by visual observation. The results are shown in Table 3.
[0130] In this connection, the evaluation criteria in Table 3 are as follows.

-: Color development cannot be confirmed.

6: Although color development can be confirmed, the color is very faint.

+: Color development can be confirmed.

++: Strong color development can be confirmed.

+++: Very strong color development can be confirmed.

[Table 3]

[0131]

[0132] From the results shown in Table 3, it was found that by using an antibody which recognizes the amino acid
sequence at positions 48-135 of VZVgE in the immunochromatographic analysis device, VZV can be detected. Partic-
ularly, in a case where an antibody (Antibody 4 or 5) which recognizes the amino acid sequence at positions 108 to 135
of VZVgE is incorporated in at least one of the labeling substance retaining part and the detection part, VZV can be
more strongly detected.

[Test Example 7] Immunochromatographic Analysis Using Actual Specimen

[0133] Test Example 6 was repeated except that as the specimen containing VZV, a blister’s fluid of a person infected
with VZV was used. The blister’s fluid was collected by puncturing a blister of a test subject who is a person infected
with VZV. Further, the collected blister’s fluid was diluted 10-fold with the above-prepared specimen diluent, and the
resulting solution was used as solution containing specimen.
[0134] Each of the above-prepared specimen-containing solutions in an amount of 150 mL was added onto the sample
addition part of the immunochromatographic analysis device and developed, and the degree of color development (color
development intensity) in the detection part was confirmed by visual observation. The results are shown in Table 4.
[0135] In this connection, the evaluation criteria in Table 4 are as follows.

-: Color development cannot be confirmed.
6: Although color development can be confirmed, the color is very faint.
+: Color development can be confirmed.
++: Strong color development can be confirmed.
+++: Very strong color development can be confirmed.

[Table 4]

[0136]

Table 3

On the detection part side

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

On the labeling substance retaining part side

No. 1 - 6 6 +++ +++ +

No. 2 6 - 6 +++ +++ ++

No. 3 6 6 - ++ +++ +

No. 4 + +++ ++ - 6 +

No. 5 + +++ ++ 6 - +

No. 6 6 + 6 + + -
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[0137] Also in a case where the specimen was replaced with an actual specimen, the same results as in Test Example
6 in which the VZVgE recombinant protein was used as an antigen were obtained.
[0138] While the present invention has been described in detail with reference to specific embodiments, it is apparent
to those skilled in the art that various changes and modifications can be made without departing from the spirit and
scope of the present invention. The present application is based on Japanese Patent Application (Japanese Patent
Application No. 2015-230928) filed on November 26, 2015 and the entire contents of which are incorporated herein by
reference.

Reference Signs List

[0139]

1. sample addition part

2. labeling substance retaining part

3. chromatographic medium part

4. detection part

5. absorption part

6. backing sheet

Table 4

On the detection part side

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

On the labeling substance retaining part side

No. 1 - 6 6 +++ +++ +

No. 2 6 - 6 +++ +++ ++

No. 3 6 6 - ++ +++ +

No. 4 + +++ ++ - 6 +

No. 5 + +++ ++ 6 - +

No. 6 6 + 6 + + -
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Claims

1. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), comprising a sample addition part, a labeling substance retaining part, a chromato-
graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part comprises an antibody which
recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.

2. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), comprising a sample addition part, a labeling substance retaining part, a chromato-
graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part comprises an antibody which
recognizes the amino acid sequence at positions 108 to 135 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.

3. The immunochromatographic analysis device according to claim 1 or 2, wherein a sample to be added to the sample
addition part is a blister’s fluid containing the Varicella-Zoster Virus.

4. The immunochromatographic analysis device according to any one of claims 1 to 3, wherein a labeling substance
contained in the labeling substance retaining part is a gold nanoparticle, and the labeling substance retaining part
comprises the gold nanoparticles in an amount of 0.05 to 1.5 mg/cm2.

5. An immunochromatographic analysis kit comprising the immunochromatographic analysis device according to any
one of claims 1 to 4, and a specimen diluent for diluting and developing a specimen.

6. The immunochromatographic analysis kit according to claim 5, wherein the specimen diluent contains at least one
type of nonionic surfactant.

7. An immunochromatographic analysis method, which is a method for detecting Varicella-Zoster Virus (VZV) in a
specimen using an immunochromatographic analysis device including a sample addition part, a labeling substance
retaining part, a chromatographic medium part having a detection part, and an absorption part, wherein at least one
of the labeling substance retaining part and the detection part of the immunochromatographic analysis device
contains an antibody which recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of the
Varicella-Zoster Virus (VZVgE) composed of the amino acid sequence of SEQ ID NO: 1, and the method includes
the following steps (1) to (4):

(1) a step of adding solution containing specimen obtained by diluting a specimen with a specimen diluent to
the sample addition part;
(2) a step of allowing an antibody retained in the labeling substance retaining part to recognize Varicella-Zoster
Virus;
(3) a step of developing the specimen and the antibody in the chromatographic medium part as a mobile phase;
and
(4) a step of detecting Varicella-Zoster Virus in the developed mobile phase by an antibody contained in the
detection part.

Amended claims under Art. 19.1 PCT

1. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), comprising a sample addition part, a labeling substance retaining part, a chromato-
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graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part comprises an antibody which
recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.

2. An immunochromatographic analysis device, which is an immunochromatographic analysis device for detecting
Varicella-Zoster Virus (VZV), comprising a sample addition part, a labeling substance retaining part, a chromato-
graphic medium part having a detection part, and an absorption part,
wherein at least one of the labeling substance retaining part and the detection part comprises an antibody which
recognizes the amino acid sequence at positions 108 to 135 of glycoprotein E of the Varicella-Zoster Virus (VZVgE)
composed of the amino acid sequence of SEQ ID NO: 1.

3. (Amended) The immunochromatographic analysis device according to claim 2, wherein at least one of the labeling
substance retaining part and the detection part comprises an antibody which recognizes the amino acid sequence
at positions 108 to 135 of glycoprotein E of the varicella-zoster virus (VZV gE) composed of the amino acid sequence
of SEQ ID NO: 1, and the other part comprises an antibody which recognizes the amino acid sequence at positions
48 to 88 of glycoprotein E of the varicella-zoster virus (VZV gE) composed of the amino acid sequence of SEQ ID
NO: 1.

4. (Amended) The immunochromatographic analysis device according to any one of claims 1 to 3, wherein a sample
to be added to the sample addition part is a blister’s fluid containing the Varicella-Zoster Virus.

5. (Amended) The immunochromatographic analysis device according to any one of claims 1 to 4, wherein a labeling
substance contained in the labeling substance retaining part is a gold nanoparticle, and the labeling substance
retaining part comprises the gold nanoparticles in an amount of 0.05 to 1.5 mg/cm2.

6. (Amended) An immunochromatographic analysis kit comprising the immunochromatographic analysis device ac-
cording to any one of claims 1 to 5, and a specimen diluent for diluting and developing a specimen.

7. (Amended) The immunochromatographic analysis kit according to claim 6, wherein the specimen diluent contains
at least one type of nonionic surfactant.

8. (Added) An immunochromatographic analysis method, which is a method for detecting Varicella-Zoster Virus (VZV)
in a specimen using an immunochromatographic analysis device including a sample addition part, a labeling sub-
stance retaining part, a chromatographic medium part having a detection part, and an absorption part, wherein at
least one of the labeling substance retaining part and the detection part of the immunochromatographic analysis
device contains an antibody which recognizes the amino acid sequence at positions 1 to 188 of glycoprotein E of
the Varicella-Zoster Virus (VZVgE) composed of the amino acid sequence of SEQ ID NO: 1, and the method includes
the following steps (1) to (4):

(1) a step of adding solution containing specimen obtained by diluting a specimen with a specimen diluent to
the sample addition part;
(2) a step of allowing an antibody retained in the labeling substance retaining part to recognize Varicella-Zoster
Virus;
(3) a step of developing the specimen and the antibody in the chromatographic medium part as a mobile phase;
and
(4) a step of detecting Varicella-Zoster Virus in the developed mobile phase by an antibody contained in the
detection part.
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