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DESCRIPTION 

TEST DEVICE, TEST KIT, AND TEST METHOD 

Technical Field 

[0001] 

 The present invention relates to a test device, a test 5 

kit, and a test method capable of antibody test. 

Background Art 

[0002] 

 A conventionally known test device for performing an 

immunoassay is a test device employing immunochromatography. 10 

[0003] 

 Immunochromatography is an immunoassay that employs a 

property (capillary action) in which a specimen slowly flows 

on a porous test piece such as a cellulose membrane while 

dissolving a reagent therein.  By using this property in an 15 

immunochromatographic test device, antigens (or antibodies) in 

the specimen migrate on a cellulose membrane while forming 

immune complexes with antibodies (or antigens) (labeled 

antibodies (or antigens)) labeled with metal colloid or the 

like previously prepared at a dropping portion on which the 20 

specimen is dropped.  Subsequently, the immune complexes are 

trapped on capture antibodies (or antigens) previously 

prepared on the cellulose membrane, and colored, and finally 

the colored state is visually observed for determination.  

Immunochromatographic test devices have been adopted for 25 
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diagnosis of pregnancy, influenza, and the like. 

[0004] 

 A known example of an immunochromatographic test device 

is a test device or the like in which a test piece is enclosed 

in a rectangular case.  The test piece contains previously 5 

immobilized labeled antibodies and capture antibodies, and the 

case includes a dropping window on which a specimen is dropped 

and a detection window through which the state of the test 

piece is visually observed (for example, see Patent Literature 

1). 10 

[0005] 

 Currently, a method for detecting IgG antibodies or IgM 

antibodies that are types of immunoglobulin in blood and that 

specifically react with a nucleocapsid protein (hereinafter 

referred to as "N antigen") and a spike protein (hereinafter 15 

referred to as "S antigen") of virus (SARS-CoV-2) causing 

novel coronavirus infection (COVID-19) is established. 

[0006] 

 As a simple and quick test device for determining the 

presence or absence of a history of novel coronavirus 20 

infection, a kit capable of measuring IgG antibodies and/or 

IgM antibodies in human whole blood, serum, or plasma by 

immunochromatography is also increasingly used. 

[0007] 

 For the antibody test devices, the labeled antigen in the 25 
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test piece is the S antigen alone, the N antigen alone, or the 

S antigen and the N antigen together or the like.  To trap an 

immune complex formed by binding the target antibody (for 

example, IgG antibody) in the specimen to the labeled antigen, 

the test piece includes a line (capture antibody line) to 5 

which the antibody (capture antibody, or anti-IgG antibody) is 

applied. 

[0008] 

 The S antigen and the N antigen are proteins of the SARS-

CoV-2 virus (hereinafter referred to as novel coronavirus).  10 

Therefore, when it is possible to detect (trap) an immune 

complex formed by binding the antibody in the specimen to the 

S antigen or the N antigen on the capture antibody line, the 

presence or absence of a history of infection with the virus 

can be determined. 15 

Citation List 

Patent Literature 

[0009] 

 Patent Literature 1: Japanese Patent No. 6217141 

Summary of Invention 20 

Technical Problem 

[0010] 

 However, the conventional test device by 

immunochromatography (hereinafter referred to as 

"immunochromatographic test device") has difficulty in 25 
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performing fractionated determination. 

[0011] 

 Specifically, the conventional immunochromatographic test 

device has a problem in which it cannot determine whether an 

antibody (neutralizing antibody, for example, IgG antibody) 5 

having a neutralization effect of reducing the infectivity of 

a predetermined virus (for example, novel coronavirus) is 

produced by natural infection or by vaccination. 

[0012] 

 It is known that an antibody that neutralizes the novel 10 

coronavirus targets a spike protein (S antigen) necessary for 

entrance into human cells and prevents infection by the virus.  

Thus, research and development of vaccine capable of producing 

an antibody (IgG antibody, and the like) to target (capable of 

binding to) the S antigen have been advanced. 15 

[0013] 

 When the use of a vaccine expands, it is desirable to 

determine the efficacy of the vaccination quickly and simply.  

Here, the conventional immunochromatographic test device can 

also detect the presence of IgG antibody (functioning as a 20 

neutralizing antibody) capable of binding to the S antigen 

which can be used as the labeled antigen in the test piece. 

[0014] 

 However, the IgG antibody having such a neutralization 

effect is produced not only by vaccination but also by viral 25 
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infection (natural infection).  Specifically, the 

immunochromatographic test device has a problem in which the 

test piece containing the S antigen used as the labeled 

antigen can detect the neutralizing antibody (for example, IgG 

antibody) in the specimen, but cannot determine whether the 5 

antibody is produced by vaccination or natural infection. 

[0015] 

 In a case of using both the S antigen and the N antigen 

as the labeled antigen in the test piece of the conventional 

immunochromatographic examination device, the same problem 10 

occurs.  In other words, an immune complex (one type of 

antibody) that binds to the S antigen or the N antigen is 

trapped on the capture antibody line as described above.  In 

this case, when the capture antibody line is colored, the 

immunochromatographic test device can only determine whether 15 

the specimen contains at least the antibody (IgG antibody 

functioning as the neutralizing antibody) to trap the S 

antigen or the antibody (for example, IgG antibody) to trap 

the N antigen.  Thus, the immunochromatographic test device in 

this case also has the problem in which whether the 20 

neutralizing antibody is produced by vaccination cannot be 

determined. 

[0016] 

 In such a situation, a test device and a test method for 

quickly and simply determining the efficacy of vaccination 25 
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against a predetermined virus, for example, a novel 

coronavirus, or determining the history of vaccination 

inoculation (the presence or absence of the neutralizing 

antibody produced by natural infection) are not necessarily 

provided at a practical level, and practical application of 5 

the test device and the test method is desired. 

[0017] 

 In view of the aforementioned circumstances, it is an 

object of the present invention to provide a test device and a 

test method by immunochromatography that can quickly and 10 

simply determine the efficacy of vaccination against a 

predetermined virus, for example, a novel coronavirus, or 

determine the history of vaccination inoculation. 

Solution to Problem 

[0018] 15 

 The present invention involves a test device by 

immunochromatography including: a first test piece; a second 

test piece separate from the first test piece; and a case 

configured to integrally accommodate the first test piece and 

the second test piece.  The case includes a dropping window on 20 

which a specimen is dropped, a first detection window through 

which a part of the first test piece can be visually observed 

from the outside, and a second detection window through which 

a part of the second test piece can be visually observed from 

the outside.  The first test piece can detect the presence of a 25 



 7

first antibody in the specimen, and the second test piece can 

detect the presence of a second antibody different from the 

first antibody in the specimen.  A result from the first test 

piece visually observed through the first detection window and 

a result from the second test piece visually observed through 5 

the second detection window can be determined in parallel and 

at the same time. 

[0019] 

 The present invention also involves a test kit including 

the above-described test device, and a determination guide 10 

that allows for determining a state of a specimen including a 

possibility that an antibody is produced by vaccination on the 

basis of a test result from the first test piece and a test 

result from the second test piece. 

[0020] 15 

 The present invention also involves a test method using 

the above-described test device, the method including: a first 

test step of dropping the specimen on the first test piece to 

detect the presence or absence of the first antibody in the 

specimen; a second test step of dropping the specimen on the 20 

second test piece different from the first test piece to 

detect the presence or absence of the second antibody in the 

specimen; and a determination step of combining results from 

the first and second test steps to determine the state of the 

specimen. 25 
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[0021] 

 The present invention also involves a test method for 

determining the presence or absence of a first antibody and a 

second antibody in a specimen by immunochromatography, where 

the first antibody is an antibody produced by vaccination or 5 

infection with a predetermined virus, and the second antibody 

is an antibody produced by infection with the virus.  The 

method includes: dropping the specimen on a first test piece 

to determine the presence or absence of the first antibody in 

the specimen; dropping the specimen on a second test piece 10 

different from the first test piece to determine the presence 

or absence of the second antibody in the specimen; and 

combining a test result from the first test piece and a test 

result from the second test piece to determine whether the 

first antibody is produced by the vaccination in the specimen. 15 

Advantageous Effects of Invention 

[0022] 

 According to the present invention, an object is to 

provide a test device, a test kit, and a test method by 

immunochromatography that can quickly and simply determining 20 

the efficacy of vaccine against a predetermined virus, for 

example, a novel coronavirus.  There can be provided. 

Brief Description of Drawings 

[0023] 

 FIG. 1(A) is a plan view of a test device according to an 25 
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embodiment of the present invention, FIG. 1(B) is a plan view 

of a test piece, and FIG. 1(C) is a cross-sectional side view 

of the test piece. 

 FIG. 2 is a schematic view illustrating the principles of 

test by immunochromatography. 5 

 FIG. 3 is a flowchart illustrating an example of a test 

method according to the present embodiment. 

 FIG. 4 is a schematic view illustrating an example of the 

test method according to the present embodiment. 

 FIG. 5 is a schematic view illustrating an example of a 10 

test kit according to the present embodiment. 

 FIG. 6 is a schematic view illustrating an example of the 

test kit according to the present embodiment. 

Description of Embodiments 

[0024] 15 

 Hereinafter, an embodiment of the present invention will 

be described with reference to the drawings.  FIG. 1 to FIG. 4 

are views illustrating examples of the present embodiment of 

the present invention.  Portions assigned with the same 

reference numeral in the drawings indicate the same member.  It 20 

is noted that in the drawings, some of the structures are 

appropriately omitted for the simplification of the drawings.  

The size, shape, thickness, and the like of members are 

appropriately exaggerated. 

[0025] 25 
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<Test device> 

 FIG. 1 includes views illustrating a test device 10 

according to the present embodiment.  FIG. 1(A) is a plan view, 

FIG. 1(B) is an extracted plan view of an internal of the test 

device 10, and FIG. 1(C) is a cross-sectional side view of 5 

FIG. 1(B). 

[0026] 

 The test device 10 is a device for antibody test by 

immunochromatography.  The test device 10 performs a reaction 

between an antibody in a specimen and a labeled body 10 

containing an antigen, causes the produced immune complex to 

migrate by capillary action, traps the immune complex with a 

previously immobilized antibody, and determines the presence 

or absence of a target antibody. 

[0027] 15 

 Specifically, as illustrated in FIG. 1(A), the test 

device 10 according to the present embodiment includes a first 

test piece 11, a second test piece 12, and a case 13. 

[0028] 

 The case 13 is, for example, an elongated rectangular box 20 

in plan view, and includes a dropping window 130 on which a 

specimen is dropped, a first detection window 131, and a 

second detection window 132.  The first test piece 11 and the 

second test piece 12 are both band-like porous members (for 

example, cellulose membrane), and are integrally accommodated 25 
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in the case 13 although they are provided as separate pieces.  

The first test piece 11 and the second test piece 12 are 

aligned so that a band lengthwise direction conforms to the 

lengthwise direction of the case 13 (in FIG. 1, a left-right 

direction).  In this example, the first test piece 11 and the 5 

second test piece 12 are accommodated in the case 13 so that 

they are aligned (disposed in parallel) along the short-side 

direction (in FIG. 1, vertical direction) of the case 13. 

[0029] 

 The first detection window 131 is provided so that a part 10 

of the first test piece 11 can be visually observed from the 

outside.  The second detection window 132 is provided so that a 

part of the second test piece 12 can be visually observed from 

the outside. 

[0030] 15 

 The first test piece 11 can detect the presence of a 

first antibody in the specimen to be dropped through the 

dropping window 130.  The second test piece 12 can detect the 

presence of a second antibody in the same specimen as the 

specimen dropped on the first test piece 11 or in a specimen 20 

that is a sample of the same specimen and is dropped 

approximately simultaneously with dropping on the first test 

piece 11. 

[0031] 

 The test device 10 is configured to determine a detection 25 
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result from the first test piece 11 visually observed through 

the first detection window 131 and a result from the second 

test piece 12 visually observed through the second detection 

window 132 in parallel and at the same time.  More 

specifically, the test device 10 is configured such that the 5 

results from the first test piece 11 and from the second test 

piece 12 are visually observed in parallel and approximately 

at the same time, producing various types of determinations.  

Herein, the expressions "in parallel and at the same time" and 

"in parallel" mean that the test pieces 11 and 12 and the 10 

detection results thereof can be recognized collectively (at a 

glance without largely moving a line of sight), and are not 

limited to a case where the detection results of the test 

pieces 11 and 12 are obtained at an exactly simultaneous time, 

and to a case where the results of the test pieces 11 and 12 15 

are disposed (aligned) in parallel. 

[0032] 

 The first antibody and the second antibody to be detected 

in the present embodiment are antibodies that are of the same 

type but trap different antigens.  Specifically, the "first 20 

antibody" in the present embodiment is an immunoglobulin 

present only in human blood, and for example, is an antibody 

that binds to a part of a spike protein of a predetermined 

virus (for example, a SARS-CoV-2 virus).  More specifically, 

the spike protein includes an S1 unit and an S2 unit, and the 25 
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first antibody in the present embodiment is an antibody (for 

example, IgG antibody) that binds to (trap) a receptor-binding 

domain (RBD) in the S1 unit.  Hereinafter, the spike protein is 

referred to as an "S antigen", a receptor-binding domain in 

the S1 unit (RBD portion extracted from the S1 unit) is 5 

referred to as an "S1/RBD antigen", and an IgG antibody (first 

antibody) that binds to the S1/RBD antigen is referred to as 

an "S1/RBD-IgG antibody". 

[0033] 

 The "second antibody" in the present embodiment is an 10 

immunoglobulin present only in human blood, and for example, 

is an antibody (for example, IgG antibody) that binds to 

(trap) a nucleocapsid protein of the predetermined virus (for 

example, a SARS-CoV-2 virus).  Hereinafter, the nucleocapsid 

protein is referred to as an "NP antigen", and an IgG antibody 15 

(second antibody) that binds to the NP antigen is referred to 

as an "NP-IgG antibody". 

[0034] 

 As described above, the first antibody (S1/RBD-IgG 

antibody) and the second antibody (NP-IgG antibody) in the 20 

present embodiment are the same type of antibody (for example, 

IgG antibody) present in human blood, but trap different 

antigens.  In this respect, the first antibody and the second 

antibody are different types of IgG antibodies. 

[0035] 25 
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 Referring to FIGs. 1(B) and 1(C), the first test piece 11 

is a member that includes a sample pad 111 to serve as a 

dropping portion on which the specimen is dropped, a first 

labeled body-containing portion 112 containing a first labeled 

body, a first detection portion 113, and an absorption pad 114 5 

configured to absorb the dropped specimen.  These constituents 

are connected so that their end portions superimpose each 

other in the band lengthwise direction.  The specimen dropped 

on the sample pad 111 through the dropping window 130 migrates 

in the arrow direction toward the absorption pad 114 (in FIG. 10 

1, from the left upstream to the right downstream).  The 

"specimen" in the present embodiment is whole blood, serum, or 

plasma of human (subject), and may be a specimen liquid in 

which a developer is added thereto. 

[0036] 15 

 More specifically, the first labeled body-containing 

portion 112 is a conjugate pad containing an antigen (labeled 

antigen) and an antibody (labeled antibody) each labeled with 

colored particles such as gold nanoparticles.  In this example, 

the labeled antigen in the first labeled body-containing 20 

portion 112 is an S1/RBD antigen capable of binding to the 

S1/RBD-IgG antibody (capable of trapping the S1/RBD-IgG 

antibody).  The "first labeled body" in the present embodiment 

is a labeled antigen capable of binding to the S1/RBD-IgG 

antibody.  In other words, this labeled antigen is an S1/RBD 25 
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labeled antigen.  The first labeled body binds to the S1/RBD-

IgG antibody to form an immune complex (hereinafter referred 

to as a "first immune complex IC1") and migrates from the 

upstream side (in FIG. 1, left side) to the downstream side 

(in FIG. 1, right side).  The labeled antibody in the first 5 

labeled body-containing portion 112 is a labeled antibody 

(labeled antibody LB1) of a non-human animal. 

[0037] 

 The first detection portion 113 is a membrane filter that 

is provided downstream of the first labeled body-containing 10 

portion 112.   The first detection portion 113 includes a 

capture antibody line TL1 and a control antibody line CL1.  In 

these antibody lines TL1 and CL1, the respective antibodies, a 

capture antibody T1 and a control antibody C1, for example, 

are linearly applied and immobilized in a widthwise direction 15 

of a band.  The capture antibody T1 is an antibody derived from 

an animal and capable of trapping the first immune complex 

IC1.  The control antibody C1 is an antibody capable of 

trapping a labeled antibody LB1 (an antibody not involved in 

the first immune complex IC1).  The absorption pad 114 is 20 

provided downstream of the first detection portion 113. 

[0038] 

 The second test piece 12 is a member that includes the 

sample pad 111 to serve as a dropping portion on which the 

specimen is dropped, a second labeled body-containing portion 25 
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122 containing a second labeled body, a second detection 

portion 123, and the absorption pad 114 to absorb the dropped 

specimen.  These constituents are connected so that their end 

portions superimpose each other in the band lengthwise 

direction.  The second test piece 12 is separate from the first 5 

test piece 11, and is disposed in parallel but separately from 

the first test piece 11.  In this example, the sample pad 111 

and the absorption pad 114 are used both for the first test 

piece 11 and the second test piece 12.  Specifically, the 

sample pad 111 is provided to be superimposed on the end 10 

portion (in this example, a left end portion) of each of both 

the first test piece 11 and the second test piece 12 in the 

band lengthwise direction, and the absorption pad 114 is 

provided to be superimposed on the other end portion (in this 

example, a right end portion) of each of both the first test 15 

piece 11 and the second test piece 12 in the band lengthwise 

direction.  The specimen dropped on the sample pad 111 migrates 

in the arrow direction toward the absorption pad 114 (in FIG. 

1, from the left upstream to the right downstream). 

[0039] 20 

 More specifically, the second labeled body-containing 

portion 122 is a conjugate pad containing an antigen (labeled 

antigen) and an antibody (labeled antibody) each labeled with 

colored particles such as gold nanoparticles.  In this example, 

the labeled antigen in the second labeled body-containing 25 
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portion 122 is an NP antigen capable of binding to the NP-IgG 

antibody (capable of trapping the NP-IgG antibody).  The 

"second labeled body" in the present embodiment is a labeled 

antigen capable of binding to the NP-IgG antibody.  In other 

words, this labeled antigen is an NP labeled antigen.  The 5 

second labeled body binds to the NP-IgG antibody to form an 

immune complex (hereinafter referred to as a "second immune 

complex IC2") and migrates from the upstream side (in FIG. 1, 

left side) to the downstream side (in FIG. 1, right side).  The 

labeled antibody in the second labeled body-containing portion 10 

122 is a labeled antibody (labeled antibody LB2) of a non-

human animal. 

[0040] 

 The second detection portion 123 is a membrane filter 

that is provided downstream of the second labeled body-15 

containing portion 122.  The second detection portion 123 

includes a capture antibody line TL2 and a control antibody 

line CL2.  In these antibody lines TL2 and CL2, the respective 

antibodies, a capture antibody T2 and a control antibody C2, 

for example, are linearly applied and immobilized in the 20 

widthwise direction of the band.  The capture antibody T2 is an 

antibody derived from an animal and capable of trapping the 

second immune complex IC2.  The capture antibody T2 may be the 

same antibody as the capture antibody T1 in the first 

detection portion 113. 25 
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[0041] 

 The control antibody C2 is an antibody capable of 

trapping a labeled antibody LB2 (an antibody not involved in 

the second immune complex IC2). 

[0042] 5 

 The first test piece 11 is not limited to a laminated 

structure in which the sample pad 111, the conjugate pad (the 

first labeled body-containing portion) 112, the membrane 

filter (the first detection portion ) 113, and the absorption 

pad 114 each partly superimpose each other as illustrated in 10 

FIG. 1(C).  For example, the first test piece 11 may have a 

structure in which the sample pad 111, the conjugate pad 112, 

the membrane filter 113, and the absorption pad 114 are 

continuously disposed along the band lengthwise direction of a 

single band-like porous member so that their respective 15 

corresponding regions are adjacent to each other.  The first 

test piece 11 may also have a structure in which only some of 

these constituents are laminated, or the like.  In the 

following description, the first test piece 11 having the 

laminated structure as illustrated in FIG. 1(C) will be 20 

described as an example.  However, when the first test piece 11 

has a shape of a single band (or a band in which some of the 

constituents superimpose each other), the constituents 

described as the sample pad 111, the conjugate pad 112, the 

membrane filter 113, and the absorption pad 114 should be 25 



 19

interpreted as regions corresponding to the respective 

constituents.  For example, when "the sample pad 111” is 

described, it should be interpreted as "a region corresponding 

to the sample pad 111".  The same is applied to the second test 

piece 12. 5 

[0043] 

<Detection principle of test device> 

 Referring to FIG. 2, the detection principle of the test 

device 10 will be described.  In the detection principle, the 

first test piece 11 is comparable with the second test piece 10 

12, and thus antigens and antibodies of the first test piece 

11 and the second test piece 12 are collectively illustrated 

in FIG. 2.  Specifically, in FIG. 2, the labeled antigen (the 

S1/RBD labeled antigen and the NP labeled antigen) are 

collectively referred to as LG, the labeled antibodies (the 15 

labeled antibodies LB1 and LB2) are collectively referred to 

as LB, the antibodies (the S1/SBD-IgG antibody and the NP-IgG 

antibody) to be detected in the specimen are collectively 

referred to as AB, the first immune complex IC1 and the second 

immune complex IC2) are collectively referred to as IC, the 20 

capture antibodies T1 and T2 are collectively referred to as 

T, and the control antibodies C1 and C2 are collectively 

referred to as C. 

[0044] 

 When a specimen S is dropped through the dropping window 25 
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130 (not illustrated in FIG. 2), the specimen S permeates the 

first labeled body-containing portion 112 of the first test 

piece 11 and the second labeled body-containing portion 122 of 

the second test piece 12 through the sample pad 111 

respectively (at approximately the same time) through the 5 

sample pad 111.  Furthermore, the specimen S migrates to the 

downstream side through two routes via the first test piece 11 

and the second test piece 12. 

[0045] 

 In the first test piece 11, the specimen migrates to the 10 

first detection portion 113 while dissolving the labeled 

antigen (the S1/RBD labeled antigen, and in FIG. 2, the 

labeled antigen LG) in the first labeled body-containing 

portion 112.  When the specimen S contains the S1/RBD-IgG 

antibody to be tested (in FIG. 2, the antibody AB), the 15 

S1/RBD-IgG antibody (the antibody AB) binds to the S1/RBD 

labeled antigen (the labeled antigen LG) to form the first 

immune complex IC1 (in FIG. 2, the immune complex IC) and 

migrates downstream.  The first immune complex IC1 (the immune 

complex IC) binds to the capture antibody T1 (in FIG. 2, the 20 

complementary antibody T) in the capture antibody line TL1 and 

is trapped on the capture antibody line TL1.  The trapping 

produces a state in which colored particles derived from the 

labeled antigen are concentrated on the capture antibody line 

TL1, and the capture antibody line TL1 is colored.  The first 25 
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detection window 131 is opened so that this coloring can be 

visually observed.  When the colored state is visually 

observed, the presence or absence of the SI/RBD-IgG antibody 

in the specimen can be determined.  In other words, when the 

capture antibody line TL1 is colored, it is determined that 5 

the specimen contains the S1/RBD-IgG antibody (positive). 

[0046] 

 When the specimen migrates, the labeled antibody LB1 (in 

FIG. 2, the labeled antibody LB) in the first labeled body-

containing portion 112 also migrates downstream.  The labeled 10 

antibody LB1 (the labeled antibody LB) does not bind to the 

S1/RBD labeled antigen (the labeled antigen LG) (without 

participation in the first immune complex IC1) and is not 

trapped on the capture antibody line TL1.  However, the labeled 

antibody LB1 is trapped by the control antibody C1 (in FIG. 2, 15 

the control antibody C) immobilized downstream.  This trapping 

produces a state in which colored particles derived from the 

labeled antibody LB1 are concentrated on the control antibody 

line CL1, and the control antibody line CL1 is colored.  The 

first detection window 131 is opened so that this coloring can 20 

be visually observed.  When the colored state is visually 

observed, it is confirmed that the specimen passed through the 

capture antibody line TL1 and reached the control antibody 

line CL1.  In other words, when the capture antibody line TL1 

is not colored and the control antibody line CL1 alone is 25 
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colored, it is determined that the S1/RBD-IgG antibody is not 

present in the specimen (negative). 

[0047] 

 The second test piece 12 determines the presence or 

absence of the NP-IgG antibody in the same specimen as the 5 

specimen S that is tested by the first test piece 11.  Since 

this principle is the same as that in the first test piece 11, 

a description will be partially omitted.  The specimen migrates 

to the second detection portion 123 while dissolving the 

labeled antigen (the NP labeled antigen and the labeled 10 

antigen LG) in the second labeled body-containing portion 122.  

When the specimen contains the NP-IgG antibody to be tested 

(the antibody AB), the NP-IgG antibody binds to the NP labeled 

antigen (the labeled antigen LG) to form the second immune 

complex IC2 (the immune complex IC), and the second immune 15 

complex IC2 is trapped on the capture antibody line TL2.  By 

this trapping, the capture antibody line TL2 is colored.  The 

colored state can be visually observed through the second 

detection window 132.  When the capture antibody line TL2 is 

colored, it is determined that the specimen contains the NP-20 

IgG antibody (positive).  In contrast, when the capture 

antibody line TL2 is not colored and the control antibody line 

CL2 alone is colored, it is determined that the NP-IgG 

antibody is not present (negative). 

[0048] 25 
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 In the present embodiment, the specimen dropped through 

one dropping window 130 in the test device 10 is absorbed by 

the sample pad 111 of the first test piece 11 and the second 

test piece 12 approximately at the same time, and then 

migrates downstream through two routes via the test pieces 11 5 

and 12.  The first test piece 11 can determine the presence or 

absence of the S1/RBD-IgG antibody in the specimen.  The second 

test piece 12 can determine the presence or absence of the NP-

IgG antibody in the specimen. 

[0049] 10 

 Thus, the test device 10 according to the present 

embodiment can detect the presence or absence of two types of 

antibodies (the S1/RBD-IgG antibody and the NP-IgG antibody in 

the specimen) in parallel and at the same time by one test, 

where these antibodies are present in the same specimen and of 15 

the same type (for example, IgG antibody), and trap different 

antigens.  This configuration can determine the state of the 

specimen by combining detection results of the two types of 

antibodies that trap different antigens contains in the same 

antibody.  Thus, the test device 10 according to the present 20 

embodiment can be applied to various types of determinations 

including determining the efficacy of predetermined 

vaccination. 

[0050] 

<Test Method> 25 
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 Hereinafter, a method for testing an antibody according 

to the present embodiment will be described.  A test method 

using the aforementioned test device 10 will be described.  The 

test method includes a first test step of dropping the 

specimen on the first test piece 11 in the test device 10 to 5 

detect the presence or absence of the first antibody in the 

specimen, a second test step of dropping the specimen on the 

second test piece 12 in the test device 10 to detect the 

presence or absence of the second antibody in the specimen, 

and a determination step of combining results from the first 10 

test step and the second test step, that is, a detection state 

by the first detection portion 113 that can be visually 

observed through the first detection window 131 and a 

detection state by the second detection portion 123 that can 

be visually observed through the second detection window 132 15 

to determine the state of the specimen.  At the determination 

step, results of the presence or absence of the S1/RBD-IgG 

antibody and the presence or absence of the NP-IgG antibody in 

the specimen are combined to determine the final 

determination.  Thus, one determination is derived from a 20 

plurality of determination candidates including a 

determination on a possibility that the antibody is produced 

by vaccination. 

[0051] 

 As described in the detection principle of the test 25 
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device, when the specimen is dropped through the dropping 

window 130 in the test device 10, the first detection portion 

in the first test piece 11 detects the presence or absence of 

the S1/RBD-IgG antibody in the specimen.  The S1/RBD-IgG 

antibody is an antibody (neutralizing antibody) to target a 5 

spike protein (S antigen) of the novel coronavirus.  The second 

detection portion in the second test piece 12 detects the 

presence or absence of the NP-IgG antibody in the same 

specimen.  In the present embodiment, the state of the 

specimen, specifically whether natural infection with the 10 

coronavirus has occurred and whether the neutralizing antibody 

is produced, is determined on the basis of the results. 

[0052] 

 However, when the presence or absence of the neutralizing 

antibody in the specimen can be detected by the test device 15 

10, whether the neutralizing antibody is produced by viral 

infection or vaccination cannot be determined.  The test method 

according to the present embodiment makes it possible to 

determine whether the detected S1/RBD-IgG antibody 

(neutralizing antibody) may have been produced by vaccination 20 

by combining the result from the first test piece 11 (the 

presence or absence of the S1/RBD-IgG antibody in the 

specimen) and the result from the second test piece 12 (the 

presence or absence of the NP-IgG antibody in the specimen). 

[0053] 25 
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 Referring to FIG. 3 and FIG. 4, a description will be 

given of the test method according to the present embodiment, 

and a determination on whether the neutralizing antibody is 

acquired or the efficacy of vaccination (for example, a 

determination on a possibility that the neutralizing antibody 5 

has been produced by vaccination (a possibility that the 

detected S1/RBD-IgG antibody has been produced by 

vaccination)).  FIG. 3 is a flowchart illustrating an example 

of the test method according to the present embodiment.  FIG. 4 

includes plan views illustrating an outline of the test 10 

results of the first test piece 11 and the second test piece 

12. 

[0054] 

<<First case>> 

 A determination in a first case using the test method 15 

according to the present embodiment will be described.  The 

specimen is dropped on the test device 10 (Step S01), and the 

first detection window 131 in the first test piece 11 is 

visually observed to check the test result.  When the capture 

antibody line TL1 is colored, that is, when the result is 20 

positive (Yes in Step S03), it is determined that the S1/RBD-

IgG antibody (the neutralizing antibody) is present in the 

specimen (Step S05). 

[0055] 

 Subsequently, the second detection window 132 in the 25 
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second test piece 12 detected in parallel and at the same time 

is visually observed to check the test result.  When the 

capture antibody line TL2 is colored, that is, when the result 

is positive (Yes in Step S07), this means that the NP-IgG 

antibody is present (see FIG. 4(A)). 5 

[0056] 

 When the detection results of the first test piece 11 and 

the second test piece 12 are combined, the determination in 

the first case is that "subject has a history of natural viral 

infection, and neutralizing antibody is produced (acquired): 10 

determination a" (Step S09). 

[0057] 

 In the first case, the neutralizing antibody is acquired, 

but whether the neutralizing antibody is acquired by 

vaccination cannot be specified.  However, when it is 15 

established that a subject is vaccinated before the test, a 

possibility that the neutralizing antibody is acquired by 

vaccination is also considered. 

[0058] 

<<Second case>> 20 

 Next, a determination in a second case will be described.  

When the capture antibody line TL1 of the first test piece 11 

is colored, that is, when the result is positive (Yes in Step 

S03), it is determined that the S1/RBD-IgG antibody (the 

neutralizing antibody) is present (acquired).  In this stage, 25 
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however, it is not obvious whether the neutralizing antibody 

is produced (acquired) by vaccination or viral infection 

(natural infection). 

[0059] 

 When the capture antibody line TL2 is not colored, that 5 

is, when the result is negative (No in Step S07), it is 

determined that the NP-IgG antibody is not present (see FIG. 

4(B)). 

[0060] 

 In this case, from only the result that the NP-IgG 10 

antibody is not present, the possibility of natural viral 

infection can be determined to be low.  Therefore, when it is 

not established that the subject is vaccinated, it is 

determined from the positive result in the first test piece 11 

that the neutralizing antibody has been produced by natural 15 

infection.  When it is established that the subject is 

vaccinated, the determination is that the neutralizing 

antibody has been produced by vaccination. 

[0061] 

 Like this, when the detection results of the first test 20 

piece 11 and the second test piece 12 are combined, the 

determination in the second case is that "neutralizing 

antibody is produced (acquired), and neutralizing antibody may 

be acquired by vaccination: determination b" (Step S11).  

Again, in this case, particularly, when it is established that 25 
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the subject is vaccinated before the test, the possibility 

that the neutralizing antibody in the specimen is acquired by 

vaccination is higher, as described above. 

[0062] 

<<Third case>> 5 

 Next, a determination in a third case will be described.  

When the capture antibody line TL1 of the first test piece 11 

is not colored, that is, when the result is negative (No in 

Step S03), it is determined that the S1/RBD-IgG antibody 

(neutralizing antibody) is not present (is not acquired) (Step 10 

S13).  When the capture antibody line TL2 of the second test 

piece 12 is colored, that is, when the result is positive (Yes 

in Step S15), it is determined that the NP-IgG antibody is 

present (see FIG. 4(C)). 

[0063] 15 

 In this case, when the detection results of the first 

test piece 11 and the second test piece 12 are combined, the 

determination in the third case is that "subject has a history 

of natural viral infection, and neutralizing antibody is not 

produced: determination c" (Step S17).  In the third case, for 20 

example, when it is established that the subject is vaccinated 

before the test, the determination is that the vaccination is 

not effective (has not been still effective). 

[0064] 

<<Fourth case>> 25 
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 Next, a determination in a fourth case will be described.  

When the capture antibody line TL1 of the first test piece 11 

is not colored, that is, when the result is negative (No in 

Step S03), it is determined that the S1/RBD-IgG antibody 

(neutralizing antibody) is not present (is not acquired).  When 5 

the capture antibody line TL2 of the second test piece 12 is 

not colored, that is, when the result is negative (No in Step 

S15), it is determined that the NP-IgG antibody is not present 

(see FIG. 4(D)). 

[0065] 10 

 In this case, when the detection results of the first 

test piece 11 and the second test piece 12 are combined, the 

determination in the fourth case is that "subject has no 

history of natural viral infection, and neutralizing antibody 

is not produced: determination d" (Step S19).  In the fourth 15 

case, for example, when it is established that the subject is 

vaccinated before the test, the determination is that the 

vaccination is not effective (has not been still effective). 

[0066] 

 Thus, the test device 10 and the test method according to 20 

the present invention can derive one determination from a 

plurality of determination candidates including the efficacy 

of a predetermined vaccine (the determination a illustrated in 

Step S09 in FIG. 3 and in FIG. 4(E), the determination b 

illustrated in Step S11 in FIG. 3 and in FIG. 4(F), the 25 
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determination c illustrated in Step S17 in FIG. 3 and in FIG. 

4(G), and the determination d illustrated in Step S19 in FIG. 

3 and in FIG. 4(G)).  Therefore, a simple and quick method can 

test and determine the efficacy of a vaccine against a 

predetermined virus (for example, novel coronavirus), for 5 

example, a fact where the neutralizing antibody is not 

acquired although it is established that the subject is 

vaccinated (the third case and the fourth case), or when the 

neutralizing antibody is present in the specimen, whether the 

neutralizing antibody is produced by natural viral infection 10 

or vaccination (the second case) or the like. 

[0067] 

 The test method according to the present embodiment makes 

various determinations of the antibodies by the following 

processes.  In this case, the test method is not limited to a 15 

method using the test device 10. 

[0068] 

 Specifically, the method is a test method for determining 

the presence or absence of a first antibody and a second 

antibody in the specimen by immunochromatography where the 20 

first antibody is an antibody produced by vaccination or 

infection with a predetermined virus, and the second antibody 

is an antibody produced by infection with the virus.  Then, the 

method includes: dropping the specimen on the first test piece 

11 to determine the presence or absence of the first antibody 25 
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in the specimen, dropping the same specimen on the second test 

piece 12 different from the first test piece 11 to determine 

the presence or absence of the second antibody in the 

specimen, and combining a test result from the first test 

piece 11 and a test result from the second test piece 12 to 5 

derive a determination from determination candidates including 

the possibility that the first antibody is produced in the 

specimen by vaccination. 

[0069] 

 In this case, particularly, when the test result from the 10 

first test piece 11 is positive and the test result from the 

second test piece 12 is negative, it is determined that there 

is a possibility that the first antibody may have been 

produced in the specimen by the vaccination. 

[0070] 15 

<Test kit> 

 Next, a test kit 30 according to the present embodiment 

will be described with reference to FIG. 5.  The test kit 30 

according to the present embodiment includes the test device 

10 and a determination guide 20.  The determination guide 20 20 

allows the user to determine the state of the specimen 

including a possibility that the antibody is produced by 

predetermined vaccination on the basis of the test result from 

the first test piece 11 and the test result from the second 

test piece 12. 25 
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[0071] 

 The determination guide 20 may be a printed matter 

separate from the test device 10, such as paper, as 

illustrated in FIG. 5(A), or may be a guide that is displayed 

(printed) directly on the test device 10 as illustrated in 5 

FIG. 5(B).  For example, when the determination guide 20 is 

paper, a flowchart as illustrated in FIG. 3 may be printed on 

paper.  Sets of the test results of the first test piece 11 and 

the second test piece 12 as illustrated in FIG. 4, that is, 

the colored state (schematic view) (FIGs. 4(A) to 4(D)), and 10 

determinations based on the colored states (FIGs. 4(E) to 

4(E), the determinations a to d) may be printed. 

[0072] 

 The determination guide 20 may be provided, for example, 

in a form of an application of a smartphone, a personal 15 

computer, or the like although the illustration thereof is 

omitted.  In this case, when the application is initiated, for 

example, questions as illustrated in the flowchart in FIG. 3 

are successively displayed.  When answers are input in 

accordance with the display, any one of the determinations a 20 

to d may be displayed.  Furthermore, when the application is 

initiated, a set of the colored states (schematic views) of 

the first test piece 11 and the second test piece 12 and the 

determination based on the colored states (any of the 

determinations a to d) may be displayed.  Alternatively, the 25 
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application may be configured so that when the application is 

initiated, the application is shifted to a photographing mode 

or the like.  When the actual test results of the first test 

piece 11 and the second test piece 12 are photographed and 

sent, any one of the determinations a to d illustrated in 5 

FIGs. 4(E) to 4(H) may be displayed. 

[0073] 

 The determination guide 20 is not limited to the 

aforementioned examples and may be in any form as long as an 

examiner can uniquely acquire the state of the specimen 10 

(specifically, any of the determinations a to d illustrated in 

FIGs. 4(E) to 4(H)) including a possibility that the antibody 

is produced by predetermined vaccination based on the test 

results of the first test piece 11 and the second test piece 

12. 15 

[0074] 

 FIG. 6 is a view illustrating another example of the 

determination guide 20.  The aforementioned determinations a to 

d are determinations in a stage where the presence or absence 

of vaccination in the subject is not (cannot be) specified.  20 

However, the determination guide 20 in this example 

illustrated in FIG. 6 makes a more detailed determinations 

possible on the basis of the aforementioned determinations a 

to d and the presence or absence of vaccination in the subject 

(a fact that the subject is vaccinated). 25 
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[0075] 

 Specifically, when the determination a is given and when 

it is established that the subject is vaccinated, the 

determination is that "neutralizing antibody has been produced 

by vaccination or natural infection".  To a user of the test 5 

kit 30, for example, "Neutralizing antibody has been produced 

by vaccination or natural infection (determination a-1)" or 

the like is displayed. 

[0076] 

 When the determination a is given and when it is not 10 

established that the subject is vaccinated, the determination 

is that "neutralizing antibody has been produced by natural 

infection".  To the user, for example, "Neutralizing antibody 

may be produced by natural infection (Determination a-2)" or 

the like is displayed. 15 

[0077] 

 When the determination b is given and when it is 

established that the subject is vaccinated, it is determined 

that "there is a high possibility that neutralizing antibody 

is produced by vaccination (since the result from the second 20 

test piece 12 is negative)".  To the user, for example, "There 

is a high possibility that neutralizing antibody is produced 

by vaccination (Determination b-1)" or the like is displayed. 

[0078] 

 When the determination b is given and when it is 25 
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established that the subject is vaccinated, it is determined 

that "there is a possibility that neutralizing antibody may be 

produced by natural infection (since the result from the first 

test piece 11 is positive)".  To the user, for example, "there 

is a possibility that neutralizing antibody may be produced by 5 

natural infection (Determination b-2)" or the like is 

displayed. 

[0079] 

 When the determination c is given and when it is 

established that the subject is vaccinated, it is determined 10 

that "there is a high possibility that neutralizing antibody 

is not produced although subject is vaccinated.  Although 

subject has a history of natural infection, neutralizing 

antibody is not produced by the natural infection".  To the 

user, for example, "It seems that neutralizing antibody has 15 

not been produced (by vaccination), but subject has a history 

of natural infection (Determination c-1)" or the like is 

displayed. 

[0080] 

 When the determination c is given and when it is not 20 

established that the subject is vaccinated, it is determined 

that "subject has a history of natural infection but 

neutralizing antibody is not produced (by natural infection)".  

To the user, for example, "Subject has a history of natural 

infection, but neutralizing antibody is not produced 25 
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(Determination c-2)" or the like is displayed. 

[0081] 

 When the determination d is given and when it is 

established that the subject is vaccinated, it is determined 

that "There is a high possibility that neutralizing antibody 5 

is not produced although the subject is vaccinated.  Subject 

has no history of natural infection".  To the user, for 

example, "It seems that neutralizing antibody has not been 

produced by vaccination.  Subject has no history of natural 

infection (Determination d-1)" or the like is displayed. 10 

[0082] 

 When the determination d is given and when it is not 

established that the subject is vaccinated, it is determined 

that "subject has no history of natural infection, and 

neutralizing antibody is not produced".  To the user, for 15 

example, "subject has no history of natural infection and 

neutralizing antibody is not produced (Determination d-2)" or 

the like is displayed.  For example, to a subject who does not 

acquire the neutralizing antibody, a recommendation such as 

that "Vaccination recommended" or the like may be displayed. 20 

[0083] 

 The flow of determination illustrated in FIG. 6 may be 

displayed, for example, after the flowchart (Steps S09, S11, 

S17 and S19) illustrated in FIG. 3 that is the determination 

guide 20.  For example, following the results of determinations 25 
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illustrated in FIG. 4, which is the determination guide 20, 

the user may be allowed to select the presence or absence of 

vaccination to derive the final determinations a-1 to d-2 

illustrated in FIG. 6.  The final determinations a-1 to d-2 

illustrated in FIG. 6 may be derived by the application or the 5 

like. 

[0084] 

 When the determination guide 20 as illustrated in FIG. 6 

is used, the user obtains the final determinations a-1 to d-2.  

Thus, the state of the subject can be simply and uniquely 10 

ascertained. 

[0085] 

 An example of the present embodiment of the present 

invention have been described above, but the present invention 

is not limited to the example. 15 

 For example, one test device 10 may include a plurality 

of dropping windows 130.  Specifically, the dropping window 130 

may be provided in each of both the first test piece 11 and 

the second test piece 12, and the same specimen may be dropped 

through each of the dropping windows 130. 20 

[0086] 

 An example in which the first test piece 11 and the 

second test piece 12 are disposed in parallel along the short-

side direction of the case 13 has been described, and the 

present invention is not limited to this example.  The first 25 
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test piece 11 and the second test piece 12 may be aligned 

linearly (separate from each other) along the lengthwise 

direction of the case 13.  However, when the test pieces 11 and 

12 are aligned linearly, it is possible that the colored 

states of the test pieces may be more difficult to be visually 5 

observed.  Furthermore, it is necessary to drop the specimen 

twice.  When the test pieces 11 and 12 are disposed in 

parallel, the colored states of the test pieces are likely to 

be collectively recognized as a pattern, for example, as 

illustrated in FIG. 4, and easily compared with the 10 

determination guide 20 and the like.  The sample pad 111 can be 

shared by the first test piece 11 and the second test piece 12 

as illustrated in FIG. 1, and the specimen can be supplied to 

the first test piece 11 and the second test piece 12 by one 

procedural step of dropping the specimen. 15 

[0087] 

 In the present embodiment, a case where the antibody to 

be detected is an IgG antibody has been described.  However, 

the antibody to be detected may be an IgM antibody or other 

immunoglobulins. 20 

[0088] 

 A configuration of the sample pad 111 and the absorption 

pad 114 is not limited to the configuration in which the 

sample pad 111 and the absorption pad 114 are used for both 

the first test piece 11 and the second test piece 12.  The 25 
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sample pad 111 and the absorption pad 114 may be provided 

separately in each of both the first test piece 11 and the 

second test piece 12. 

[0089] 

 The labeled antibody LB1 in the first labeled body-5 

containing portion 112, the labeled antibody LB2 in the second 

labeled body-containing portion 122, and the control 

antibodies C1 and C2 may be different antibodies, or at least 

one set of the antibodies among these may be the same 

antibodies. 10 

[0090] 

 It should be noted that the test device 10 of the present 

invention is not limited to the above-described embodiment and 

can be modified in various manner without departing from the 

scope of the present invention. 15 

Reference Signs List 

[0091] 

 10 test device 

 11 first test piece 

 12 second test piece 20 

 20 determination guide 

 30 test kit 

 111 sample pad 

 112 first labeled body-containing portion (conjugate 

pad) 25 



 41

 113 first detection portion (membrane filter) 

 114 absorption pad 

 122 second labeled body-containing portion (conjugate 

pad) 

 123 second detection portion (membrane filter) 5 

 130 dropping window 

 131 first detection window 

 132 second detection window 

 C1, C2 control antibody 

 CL1 control antibody line 10 

 CL2 control antibody line 

 T1, T2 capture antibody 

 TL1 capture antibody line 

 TL2 capture antibody line 

  15 
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CLAIMS 

1. A test device by immunochromatography comprising: 

 a first test piece; 

 a second test piece separate from the first test piece; 

and 5 

 a case configured to integrally accommodate the first 

test piece and the second test piece, wherein: 

 the case includes 

  a dropping window on which a specimen is dropped, 

  a first detection window through which a part of 10 

the first test piece can be visually observed from outside, 

and 

  a second detection window through which a part of 

the second test piece can be visually observed from outside; 

 the first test piece can detect presence of a first 15 

antibody in the specimen; 

 the second test piece can detect presence of a second 

antibody different from the first antibody in the specimen; 

and 

 a result from the first test piece visually observed 20 

through the first detection window and a result from the 

second test piece visually observed through the second 

detection window can be determined in parallel and at the same 

time. 

2. The test device according to claim 1, wherein the first 25 
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antibody and the second antibody are antibodies that are of 

the same type and trap different antigens. 

3. The test device according to claim 1 or 2, wherein the 

first test piece and the second test piece are disposed in 

parallel. 5 

4. The test device according to claim 1 or 2, wherein: 

 the first test piece includes at least a first labeled 

body-containing portion containing a first labeled body 

capable of trapping the first antibody, and a first detection 

portion capable of trapping a complex of the first antibody 10 

and the first labelled body; and 

 the second test piece includes at least a second labeled 

body-containing portion containing a second labeled body 

capable of trapping the second antibody, and a second 

detection portion capable of trapping a complex of the second 15 

antibody and the second labelled body. 

5. The test device according to claim 3, wherein: 

 the first labeled body includes, as an antigen, a part of 

a spike protein of a predetermined virus; and 

 the second labeled body includes, as an antigen, a 20 

nucleocapsid protein of the virus. 

6. The test device according to claim 4, wherein: 

 the first antibody is an antibody produced by vaccination 

or infection with a predetermined virus; and 

 the second antibody is an antibody produced by infection 25 
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with the virus. 

7. The test device according to claim 4 or 5, wherein the 

virus is a SARS-CoV-2 virus. 

8. A test kit comprising: 

 the test device according to any one of claims 1 to 6; 5 

and 

 a determination guide that allows for determining a state 

of a specimen including a possibility that an antibody is 

produced by vaccination on a basis of a test result from the 

first test piece and a test result from the second test piece. 10 

9. A test method using the test device according to any one 

of claims 1 to 6, the method comprising: 

 a first test step of dropping the specimen on the first 

test piece to detect presence or absence of the first antibody 

in the specimen; 15 

 a second test step of dropping the specimen on the second 

test piece different from the first test piece to detect 

presence or absence of the second antibody in the specimen; 

and 

 a determination step of combining results from the first 20 

and second test steps to determine a state of the specimen. 

10. The test method according to claim 8, wherein the 

determination step derives a determination from a plurality of 

determination candidates including a determination on a 

possibility that antibodies are produced by vaccination. 25 
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11. A test method for determining presence or absence of a 

first antibody and a second antibody in a specimen by 

immunochromatography, where the first antibody is an antibody 

produced by vaccination or infection with a predetermined 

virus, and the second antibody is an antibody produced by 5 

infection with the virus, 

 the method comprising: 

 dropping the specimen on a first test piece to determine 

presence or absence of the first antibody in the specimen; 

 dropping the specimen on a second test piece different 10 

from the first test piece to determine presence or absence of 

the second antibody in the specimen; and 

 combining a test result from the first test piece and a 

test result from the second test piece to derive a 

determination from determination candidates including a 15 

possibility that the first antibody is produced by the 

vaccination in the specimen. 

12. The test method according to claim 10, wherein when the 

test result from the first test piece is positive and the test 

result from the second test piece is negative, it is 20 

determined that the first antibody may have been produced in 

the specimen by the vaccination. 

13. The test method according to claim 10, wherein the virus 

is a SARS-CoV-2 virus. 

  25 


