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1
IMMUNOCHROMATOGRAPHIC TEST
STRIP AND DETECTION METHOD USING
IMMUNOCHROMATOGRAPHY FOR
DETECTING OBJECT IN RED BLOOD
CELL-CONTAINING SAMPLE

TECHNICAL FIELD

The present invention relates to an immunochromato-
graphic test strip and a detection method using immuno-
chromatography for detecting an object (analyte) in a red
blood cell-containing sample. In particular, the present
invention relates to a test strip treated with a certain buffer
solution to avoid aggregation of colloidal gold conjugates
acting as a detection reagent even when a red blood cell-
agglutinating agent 1s used, and a detection method using the
buffer solution.

BACKGROUND ART

Clinics and small hospitals recently have increasing needs
for “conducting tests and knowing the result during patient
consultation” and thus tests are increasingly conducted as
point-of-care testing (POCT) instead of conventional out-
sourced examination. POCT is a collective term for tests
generally conducted “near a patient” in an examination
room, a hospital ward, etc., and since a doctor can quickly
interpret test results to take measures, POCT significantly
contributes to the quality of consultation. As POCT as
described above becomes popular, devices incorporating
lateral flow immunochromatographic test strips etc. are
distributed as commodities in the market.

An immunochromatographic test strip enables detection
of an object in a sample, without the need of preparation of
a reagent at the time of testing, through only a simple
operation such as directly dripping a test specimen (sample)
such as blood and urine onto the test strip and is very useful
for conveniently and quickly analyzing an analyte (detection
object) and, therefore, a large number of the test strips are
put to practical use for POCT.

The immunochromatographic test strip is generally a
membrane made up of a porous body comprising a sample-
supply portion, a spreading portion, and a detecting portion
and has a structure in which a labeled antibody to an analyte
is retained at a spreading start part of the spreading portion
in a dissoluble manner such that the labeled antibody can
pass through the spreading portion and reach the detecting
portion after contact with a sample while an antibody is
immobilized at a part of the spreading portion to constitute
the detecting portion. When the sample is dripped onto the
sample-supply portion, if an analyte is contained in the
sample, the analyte in the sample specifically binds to the
labeled antibody to form a complex and the complex spreads
through the spreading portion in the downstream direction
and further binds to the immobilized antibody. Therefore, by
detecting a sandwich-type complex of the labeled antibody,
the analyte, and the immobilized antibody in the antibody-
immobilization part, the analyte can be qualitatively or
quantitatively analyzed. An example of a label constituting
a detection reagent (conjugate) such as the labeled antibody
is colloidal gold particles and a color reaction of the colloi-
dal gold particles enables qualitative detection. The analyte
in the sample can also quantitatively be detected based on a
degree of coloring.

If a sample is whole blood, red blood cells cannot move
in a membrane that is a porous body, and will problemati-
cally clog pores of the membrane and obstruct spreading of
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the sample. Therefore, if whole blood is used as a sample,
red blood cells must preliminarily be separated and removed
from the whole blood and known methods include a method
of removing red blood cells after sedimentation through
centrifugation before measurement, and a method of filtrat-
ing and removing red blood cells agglutinated by a red blood
cell-separating agent before measurement or at the start of
measurement.

For example, polybrene is known as a red blood cell-
separating agent (Patent Documents 1, 2, and 3).

In Patent Document 1, polybrene is described as an
example of a blood-agglutinating agent made of synthetic
water-soluble polymer.

In Patent Document 2, a glass-fiber blood cell-separating
membrane for chromatography containing polybrene as a
red blood cell-agglutinating substance is described. Because
passage of blood through a blood cell-separating membrane
is associated with hemolysis when polybrene is solely used,
a technique is disclosed for coating a blood cell-separating
membrane with PVA for avoiding the hemolysis.

Although polybrene is generally known as a blood-ag-
glutinating agent as described above, if polybrene is used for
immunochromatography employing a metal conjugate as a
detection reagent, polybrene will problematically cause not
only aggregation of red blood cells in whole blood but also
aggregation of the metal conjugate (Patent Document 3).

Patent Document 3 discloses a technique for preventing
such aggregation of a metal conjugate. Briefly, disclosed is
an immunochromatography assay device that has a polyca-
tion such as polybrene as a blood cell-separating agent
bound in the upstream of chromatography carriers and a
polyanion for neutralizing the polycation bound in the
downstream thereof. It is described that aggregation of a
metal conjugate made of selenium can be prevented by this
technique since the electric charge of the polycation is
neutralized by the polyanion.

CITATION LIST
Patent Literature

Patent Document 1: JP H03-205563 A
Patent Document 2: JP H05-099918 A
Patent Document 3: JP 2002-509254 A

SUMMARY OF INVENTION
Technical Problem

When immunochromatography was practiced using
whole blood as a sample and employing polybrene as a
blood agglutinating agent and a colloidal gold conjugate as
a detection reagent, the present inventers attempted to neu-
tralize positive electric charge of polybrene by adding poly-
anions so as to prevent aggregation of the colloidal gold
conjugate in accordance with the disclosure of Patent Docu-
ment 3. However, although the red blood cell in the whole
blood could be agglutinated and then separated and
removed, the aggregation of colloidal gold conjugates could
not be prevented. Although the reason is uncertain, this may
be attributable to the difference between selenium conju-
gates of Patent Document 3 and colloidal gold conjugates,
and the difference in the type of polyanions, etc.

A problem to be solved by the present invention is to
provide an immunochromatographic test strip and a detec-
tion method using immunochromatography avoiding aggre-
gation of colloidal gold conjugates while red blood cells in



US 9,885,707 B2

3

whole blood are agglutinated and then separated and
removed in the case of using polybrene as a blood-aggluti-
nating agent and the colloidal gold conjugates as a detection
reagent.

Solution to Problem

In order to investigate the method for solving said prob-
lem, the present inventers reviewed the configuration of the
existing reagent itself from a completely different viewpoint
rather than the selection of type or amount of polycations
that are causative agents of the problem and, as a result of
extensive study on each constituent element, the inventers
surprisingly found that there exists a buffer solution which
has an ability to suppress aggregation due to polybrene of
colloidal gold conjugates and found that aggregation of
colloidal gold conjugates can be suppressed by using the
buffer solution without relying on the neutralization of
polycations by polyanions, and thereby, completing the
present invention. In particular, the present invention has the
following configuration.

[1] An immunochromatographic test strip comprising the
following configuration,

(1) a membrane consisting of a porous body equipped
with at least a sample-supply portion, a spreading portion,
and a detecting portion,

wherein a conjugate of an anti-analyte antibody labeled
with colloidal gold is retained in a dissoluble manner in a
part of the spreading portion, and an antibody is immobi-
lized in the detecting portion which is a part of the spreading
portion on the downstream side relative to the conjugate-
retaining part, and

(2) a buffer solution component for suppressing aggrega-
tion of the conjugate due to polybrene, wherein the compo-
nent is contained at least in a part of from the sample-supply
portion to an upstream side of the conjugate-retaining part of
the spreading portion so as to be able to contact with
polybrene that is a blood-agglutinating agent provided
through the sample-supply portion, and

wherein the buffer solution component is selected from a
group consisting of Bis-Tris, MES, and citric acid.

[2] The test strip of [1], wherein the sample supply portion
contains polybrene.

[3] The test strip of [1] or [2], wherein the sample supply
portion contains the buffer solution component for suppress-
ing aggregation of the conjugate due to polybrene.

[4] The test strip of any one of [1] to [3] above, wherein
a polyanion as a neutralizer neutralizing a cation of poly-
brene acting as the blood-agglutinating agent is not
included.

[5] An immunochromatographic detection method, com-
prising the steps of:

(A) supplying a sample to a sample-supply portion of a
test strip comprising a membrane consisting of a porous
body equipped with at least a sample-supply portion, a
spreading portion, and a detecting portion,

wherein a conjugate comprising a colloidal gold sensi-
tized with an antibody to an object is retained in a dissoluble
manner in a part of the spreading portion, and an antibody
is immobilized in the detecting portion which is a part of the
spreading portion on the downstream side relative to the
conjugate-retaining part;

(B) agglutinating a blood-derived component in the
sample through contact between polybrene and the sample
in the sample-supply portion or in the upstream of the
sample-supply portion;
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(C) separating and removing aggregates acquired at step
(B) from the sample;

(D) bringing a sample component acquired at step (C)
after separation and removal of the aggregates into contact
with the colloidal gold-containing conjugate, the step being
performed in the presence of a buffer solution having ability
to suppress aggregation of the conjugate due to polybrene;
and

(E) detecting a complex of the object in the sample
component and the conjugate acquired at the step (D) in the
detecting portion, and

wherein the buffer solution component is selected from a
group consisting of Bis-Tris, MES, and citric acid.

[6] The detection method of [5] above, wherein the
sample-supply portion contains polybrene.

[7] The detection method of [5] or [6] above, wherein the
sample-supply portion contains the buffer solution compo-
nent for suppressing aggregation of the conjugate due to
polybrene.

[8] The detection method of any one of [5] to [7] above,
wherein a polyanion as a neutralizer neutralizing the cation
of polybrene acting as the blood-agglutinating agent is not
included.

Advantageous Effects of Invention

According to the present invention, in immunochro-
matography using polybrene as a blood-agglutinating agent
and a colloidal gold conjugate as a detection reagent, red
blood cells can be agglutinated and then separated and
removed from a sample without aggregation of the colloidal
gold conjugate by using a buffer solution having ability to
suppress aggregation of the colloidal gold conjugate due to
polybrene, by which the colloidal gold conjugate can play
the original role of the detection reagent and, therefore, an
analyte in the sample can accurately be detected and mea-
sured. Since addition of a polyanion as a polycation neu-
tralizer is not an essential condition, a reagent configuration
can be made extremely simple and, therefore, the present
invention advantageously leads to reduction of factors caus-
ing unpredictable effect to the immune reaction and to the
spread of the analyte on the strip.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic of structure of an immunochro-
matographic test strip of the present invention.

DESCRIPTION OF EMBODIMENTS
Immunochromatographic Test Strip

An immunochromatographic test strip of the present
invention is a membrane consisting of a porous body
equipped with at least a “sample-supply portion”, a “spread-
ing portion”, and a “detecting portion” and has a structure in
which a labeled antibody to an analyte is retained at a
spreading start part of the spreading portion in a dissoluble
manner such that the labeled antibody passes through the
spreading portion and reaches the detecting portion after
contact with a sample while an antibody is immobilized at
a part of the spreading portion to constitute the detecting
portion.

An example embodying these constituent elements may
be a test strip including a sample pad playing a role of a
sample-supply portion, a conjugate pad having a labeled
antibody to an analyte retained in a dissoluble manner and
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playing a role of the spreading portion, and an insoluble
membrane having an antibody immobilized at a part thereof
and playing a role of the spreading portion and the detecting
portion. Therefore, a typical immunochromatographic test
strip of the present invention has the following configura-
tion:

(1) a sample pad to be supplied with a sample;

(2) a conjugate pad disposed in the downstream of the
sample pad and retaining in a dissoluble manner a conjugate
in which a first antibody is sensitized on a colloidal gold
surface; and

(3) an insoluble membrane disposed in the downstream of
the conjugate pad and immobilizing a second antibody
which binds to a complex of the conjugate and an analyte.

The sample pad, the conjugate pad, and the insoluble
membrane may constitute respective different carriers, or
two of the elements may constitute one carrier, and may take
any form as long as the sample pad, the conjugate pad, and
the insoluble membrane are arranged in this order from the
upstream toward the downstream.

The immunochromatographic test strip may be a strip
further having any one or more of an absorption pad and a
3rd pad disposed and mounted along with the above con-
stituents. The test strip is usually disposed on a solid phase
support such as a plastic adhesive sheet. It is obvious that the
solid phase support is made of material not hindering the
capillary flow of the sample and that an adhesive component
is made of material not hindering the capillary flow of the
sample. The test strip can be laminated with a polyester film
etc., for the purpose of increasing the mechanical strength of
the antibody-immobilized membrane and preventing evapo-
ration (drying) of water during an assay.

(Blood-Agglutinating Agent)

A blood-agglutinating agent used in the present invention
is preferably polybrene. Polybrene has a chemical name of
hexadimethrine bromide and is one of cationic polymers.

In the present invention, polybrene is used for aggluti-
nating red blood cells in whole blood used as a sample. With
regard to the manner of using polybrene, polybrene may be
added to a diluent which dilutes the sample or may directly
be added to the sample and, in other cases, polybrene may
be contained in the sample-supply portion (sample pad) of
the immunochromatographic strip. In such usage forms,
polybrene comes into contact with whole blood and the red
blood cells in the whole blood are agglutinated. The aggre-
gates of red blood cells are removed through some kind of
filtration, and are removed in the immunochromatographic
strip by the sample-supply portion on which a large portion
of the aggregates remains when the sample passes through
a filter constituting the sample-supply portion. In the present
invention, a 3rd pad (blood cell-separating membrane)
described later is desirably used together so as to remove the
aggregates in the sample-supply portion and more certainly
reduce the aggregates supplied to the spreading portion.

The addition amount of polybrene may be any amount
capable of agglutinating, separating, and removing red blood
cells of the whole blood so that an analyte in the whole blood
sample can spread in a desirable manner and, for example,
if polybrene is contained in the sample pad. the concentra-
tion is preferably equal to or greater than 0.25% and more
preferably 0.25 to 2% relative to the fluid volume of the
sample to be dropped. In terms of manufacturing of the
sample pad, the concentration in the solution impregnated
into the pad is preferably equal to or greater than 0.5% and
more preferably 0.5 to 4%.

Although polyanions are not included in the present
invention unlike Patent Document 3 as a neutralizer for
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neutralizing the cation of polybrene acting as the blood-
agglutinating agent, the presence of polyanions is not
excluded as long as the polyanions are normally used as
needed within a range not affecting a reaction system
without departing from the object of the present invention.

(Certain Buffer Solution)

Although a blood-agglutinating agent (polybrene) is used
for the purpose of agglutinating red blood cells in a whole
blood sample in the present invention, polybrene has a
problem of causing aggregation of not only the red blood
cells but also colloidal gold conjugates. In the present
invention, a buffer solution must be used so as to avoid such
aggregation of the colloidal gold conjugates.

It is essential to use one or more buffer selected from a
group consisting of Bis-Tris, MES, and citric acid as the
buffer solution used in the present invention. Bis-Tris or
MES has an ability to suppress the colloidal gold-conjugate
aggregation due to polybrene at pH lower than pKa and
citric acid has an ability to suppress the colloidal gold-
conjugate aggregation due to polybrene in a wide pH range
of pH 4 to 6.5. This is preferable not only in terms of
suppression of aggregation due to polybrene but also in
terms of buffer solution in immunoassay. Although not
bound to any particular theory, all the buffer solution com-
ponents are effective at pH equal to or lower than pKa and,
therefore, the effect is considered as being derived from
other than the buffering capacity. It is surprising that a
widely used buffer solution component may selectively
agglutinate only one of the two kinds of polyanions, i.e., the
colloidal gold conjugates and the red blood cells, and may
suppress the aggregation of the other in the coexistence
state.

The addition amount of these buffer solution components
in the buffer solution may be any amount capable of sup-
pressing the aggregation of the colloidal gold conjugates due
to polybrene and can experimentally be set. For example, in
both a sample pad and a conjugate pad, the addition amount
is equal to or greater than 20 mmol/L, and preferably 20 to
100 mmol/L in solution impregnated in the pads.

If the concentration of the buffer solution component is
unnecessarily high, hemolysis (destruction of red blood
cells) may occur, which is not only inconvenient for immu-
nochromatography but also unsuitable for the object of the
present invention. Also from this viewpoint, the addition
amount is preferably experimentally set.

A usage form of the certain buffer solution of the present
invention may be any form capable of suppressing the
aggregation of colloidal gold conjugates due to polybrene
used as a blood-agglutinating agent, and the certain buffer
solution may be impregnated in at least a portion of the
immunochromatographic test strip from the sample-supply
portion to the conjugate-retaining part of the spreading
portion to allow contact with the polybrene component.
Therefore, a certain buffer solution may be impregnated in
only the sample-supply portion or in the entire part of from
the sample-supply portion to the spreading portion. The
form of the sample supply portion and/or the conjugate pad
impregnated with a buffer solution includes a form in which
pads are impregnated with liquid buffer solution as well as
a form in which pads are dried after the pads are impreg-
nated with the buffer solution such that the buffer solution
component is attached to the pads in a dry state.

The certain buffer solution of the present invention is
usable as a sample diluting solution.

Although the certain buffer solution must be used in a
certain usage form in the present invention as described
above, this does not prevent use of another buffer solution



US 9,885,707 B2

7

other than those described above for another purpose, or use
of the certain buffer solution in another usage form other
than those described above. For example, when from the
sample-supply portion to a conjugate immobilization part of
the spreading portion are impregnated with a certain buffer
solution while an antibody-immobilization part of the
spreading portion is impregnated with another buffer solu-
tion other than those described above, this forn is obviously
included within the scope of the present invention.

(Colloidal Gold)

Colloidal gold used as a label in the present invention may
be any colloidal gold capable of forming a conjugate
through sensitization with (immobilization of) an antibody
and capable of playing a role of a label in a method of
detecting an object (antigen) in a sample through contact
with the sample.

With regard to colloidal gold, it is considered that the
colloidal gold of the present invention includes colloidal
platinum as well as colloidal gold.

The particle diameter of colloidal gold particles is known
to significantly affect the measurement sensitivity and, for
example, when the colloidal gold particles are retained and
used in an immunochromatographic test strip, the particle
diameter of colloidal gold particles is preferably 20 to 60
nm, more preferably 30 to 50 nm, and particularly preferably
40 nm. The colloidal gold can be manufactured with a
generally known method, for example, by dripping and
stirring a trisodium citrate aqueous solution or a triammo-
nium citrate aqueous solution in a heated tetrachloroauric
(1IT) acid aqueous solution. In this description, colloidal gold
is also referred to as a colloidal gold particle(s), which has
the same meaning.

(Sensitization of Colloidal Gold with Antibody)

The sensitization of colloidal gold with an antibody to an
analyte is generally achieved by immobilization such as
physical adsorption. In this case, the concentration of anti-
body is preferably prepared at a concentration of 1 to 5
pg/mL buffer solution. The type and pH of the buffer
solution are preferably 2 mmol/L phosphate buffer solution
(pH 6.5 to 8) or 2 to 10 mmol/L Tris buffer solution (pH 7
to 9) and more preferably 2 to 10 mmol/L Tris buffer
solution (pH 7 to 7.5); however, another buffer solution may
be used without any limitation to those listed above. In this
description, a “conjugate” refers to colloidal gold as
described above sensitized with an antibody to an analyte or
with a control antibody (or antigen).

(Blocking)

The conjugate of the present invention can be blocked by
a blocking agent in a region of a colloidal gold surface not
bound to an antibody.

The blocking agent of the colloidal gold conjugate is
generally a component derived from an organism and the
component derived from an organism may be any compo-
nent derived from an organism and having a blocking effect
and may be an animal protein or a peptide derived from an
animal protein. For example, the component derived from an
organism may be bovine serum albumin or BSA, Blocking
Peptide Fragment (manufactured by TOYOBO) derived
from microorganisms, NEO PROTEIN SAVER (manufac-
tured by TOYOBO) derived from silk protein (hydrolysate
of sericin), Starting Block™ (PBS) Blocking Buffer (manu-
factured by PIERCE), StabilCoat™ (manufactured by Sur-
Modics), and casein.

The concentration of a component derived from an organ-
ism may appropriately be determined depending on the
component to be used. For example, after antibody solution
is added to and mixed with colloidal gold solution adjusted

10

20

25

40

45

50

60

65

8

to 1 OD/mL, the component derived from an organism is
added to the mixture solution to a final concentration within
a range of 0.1 to 10% for blocking and is more preferably
used within a range of 0.2 to 5%.

Alternatively, both a component not derived from an
organism and a component derived from an organism can be
mixed and used as a blocking agent of colloidal gold.

(Detection Reagent)

In the present invention, specifically, a “detection
reagent” 1s a solution containing at least a conjugate.

The detection reagent may contain, for example, one or
more stabilizers, solubilizers, etc., for the purpose of main-
taining the conjugate in a stable state so as to facilitate the
specific reaction between the antibody immobilized to the
conjugate and the analyte or to make the conjugate dissolved
and fluidized promptly and effectively when mixed with the
sample. The stabilizers, solubilizers, etc. can include bovine
serum albumin (BSA), sucrose, casein, and amino acids, for
example.

The detection reagent may contain a known sensitizer
such as 2-methacryloyloxyethyl phospholylcholine for the
purpose of improvement in detection sensitivity as needed.

The detection reagent may also contain EDTA or EGTA
that is a chelating agent of Ca®* ions as needed.

The term “detection” or “measurement” as used herein
must be construed in the broadest sense including verifica-
tion and/or quantification of the presence of the analyte and
must not be construed in a limited manner in any sense.

(Diluting Solution)

A diluting solution can be used in the present invention if
dilution of a sample is required depending on the concen-
tration of an analyte in the sample. The diluting solution may
be a diluting solution of any composition as long as the
diluting solution does not significantly inhibit the antigen-
antibody reaction or, conversely, does not significantly
facilitate the reaction resulting in excessive agglutination
causing a defect of spread by capillarity, and does not make
the antigen concentration-dependent signal detection of the
antigen-antibody reaction impossible.

The diluting solution having such an effect may be, for
example, purified water, saline, and a low-concentration
buffer solution at pH 6.0 to 10.0, for example, 10 to 20
mmol/LL phosphate buffer solution, 10 to 20 mmol/I, Tris-
HCI buffer solution, and 10 to 20 mmol/L Bis-Tris buffer
solution. A surfactant can be added to these diluting solu-
tions so as to control the spread rate of the sample in the
strip.

The diluting solution of the present invention can contain
polybrene as a blood-agglutinating agent as described
above.

The diluting solution of the present invention can also
contain a buffer solution component having an ability to
suppress the aggregation of colloidal gold conjugates due to
polybrene as described above. In this case, the buffer solu-
tion of the present invention is used as a diluting solution in
place of the buffer solutions described above.

(Sample Pad)

In the present invention, a “sample pad” is a part playing
the role of a sample-supply portion receiving a sample and
is shaped into a pad to absorb a liquid sample, including any
material and form allowing the passage of liquid and the
component of the analyte.

The sample pad of the present invention can contain the
blood-agglutinating agent as described above. In this case,
the blood-agglutinating agent can be contained at least in a
part or entirety of the sample pad.
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The sample pad of the present invention can contain the
certain buffer solution component as described above. In this
case, the certain buffer solution component can be contained
at least in a part of or entirety of the sample pad. If the
sample pad of the present invention contains both the
blood-agglutinating agent and the certain buffer solution, the
sample pad may contain both at the same part or may contain
at respective different parts to avoid coexistence. The sample
pad may entirely contain both.

Specific examples of materials suitable for the sample pad
include, but not limited to, glass fiber, acrylic fiber, hydro-
philic polyethylene material, dry paper, paper pulp, fabric,
etc. A glass fiber pad is preferably used. The sample pad may
additionally be given a function of a conjugate pad described
later. The sample pad may contain a commonly used block-
ing reagent as needed within a range not affecting the
reaction system and not departing from the object of the
present invention.

(Conjugate Pad)

In the present invention, a “conjugate pad” refers to a pad
acquired by impregnating a material suitable for the conju-
gate pad described later with a detection reagent specifically
reactive with the analyte followed by drying. The conjugate
pad has a function of allowing the detection reagent and the
analyte to form a complex when the sample passes through
the conjugate pad. The conjugate pad may by itself be
disposed in contact with an antibody-immobilized mem-
brane. Alternatively, the conjugate pad may be disposed in
contact with a sample pad so as to receive the sample which
has passed through the sample pad by a capillary flow and
then transfer the sample by a capillary flow to another pad
(hereinafter also referred to as a “3rd pad”) in contact with
the surface different from the contact surface for the sample
pad. The selection of one or more parts of the sample pad
and the conjugate pad and how the selected parts are
disposed on the antibody-immobilized membrane may be
changed as needed.

The conjugate pad of the present invention can contain the
certain buffer solution component as described above. In this
case, the certain buffer solution component is contained at
least in a part of the upstream side from a part to which the
conjugate is immobilized and may be contained in entirety
of the conjugated pad.

Materials suitable for the conjugate pad include, but not
limited to, paper, a cellulose mixture, nitrocellulose, poly-
ester, acrylonitrile copolymer, glass fiber, and nonwoven
fiber such as rayon. A glass fiber pad is preferably used.

The conjugate pad may contain, as needed, a “control
reagent” for securing reliability of immunochromatography,
for example, an antibody labeled with a label and not
reactive with the sample component, or a highly antigenic
protein such as KLH (keyhole limpet hemocyanin) labeled
with a label. These control reagents are components (sub-
stances) having no possibility of being present in the sample
and can appropriately be selected.

(3rd Pad)

In the present invention, a 3rd pad can be disposed for the
purpose of removing components unnecessary for detection
of the analyte out of the components in the sample reacted
with the detection reagent so that components necessary for
reaction can smoothly spread in the insoluble membrane to
which an antibody is immobilized.

For example, blood cells and insoluble blood cell frac-
tures are desirably removed as the components unnecessary
for detection. The 3rd pad may also be given an additional
effect of preliminarily removing aggregates grown to such a
size as to prevent the movement to and the smooth spread in
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the antibody-immobilized membrane out of aggregates gen-
erated by antigen-antibody reactions. The 3rd pad may be
made of any material and in any form allowing the passage
of liquid and the component to be detected. Specific
examples are, but not limited to, glass fiber, acrylic fiber,
hydrophilic polyethylene material, dry paper, paper pulp,
fabric, etc.

In the present invention, a blood cell-separation mem-
brane is desirably used for certainly separating and remov-
ing blood cells not completely removed only by the blood-
agglutinating agent and the sample pad described above.

(Immobilization of Antibody to Insoluble Membrane)

In the immunochromatographic reagent of the present
invention, an antibody to the analyte can be immobilized to
an insoluble membrane with a generally well-known
method. For example, in the case of the flow-through format,
the antibody is prepared at a predetermined concentration
and a certain amount of the solution thereof is applied to the
insoluble membrane in a shape of a certain symbol such as
dot or “+”. In this case, to secure reliability of immunochro-
matography, a “control line” is generally formed by immo-
bilizing a protein or a compound capable of binding to the
conjugate to a position different from the antibody to the
analyte. The “control line” may be formed by immobilizing
the antibody to the control reagent to a position different
from the antibody to the analyte.

In the case of a lateral-flow format, an antibody is
prepared at a predetermined concentration and the solution
thereof is applied to an insoluble membrane in a line shape
by using a device having a mechanism capable of horizon-
tally moving while discharging the solution from a nozzle at
a constant rate. In this case, the concentration of the antibody
is preferably 0.1 to 5 mg/mL and more preferably 0.5 to 3
mg/mL. An immobilized amount of the antibody on the
insoluble membrane can be optimized by adjusting the
application amount dripped onto the insoluble membrane in
the case of the flow-through format, and can be optimized by
adjusting the discharge rate from the nozzle of the device in
the case of the lateral-flow format. Particularly in the case of
the lateral-flow format, 0.5 to 2 pl/em is preferable. In the
present invention, a “flow-through membrane assay” refers
to a format in which the sample liquid etc. spread to
perpendicularly pass through the insoluble membrane and a
“lateral-flow membrane assay” refers to a format in which
the sample liquid etc. spread to move in parallel with the
insoluble membrane.

In the present invention, the position of application to the
insoluble membrane of an antibody to an analyte may be
placed such that the detection reagent spreads from the
conjugate pad by capillarity and sequentially passes through
the lines to which the respective antibodies are applied in the
case of the lateral-flow format. Preferably, the line formed
by applying an antibody to an analyte is located upstream
while the line formed by applying a control antibody is
located downstream thereof. In this case, a sufficient dis-
tance is desirably placed between the respective lines such
that signals of labels can be detected. In the case of the
flow-through format, the position of application of an anti-
body to an object shall be placed such that signals of labels
can be detected.

An antibody solution applied to the insoluble membrane
can normally be prepared by using a predetermined buffer
solution. The types of the buffer solution may include
commonly used buffer solutions such as phosphate buffer
solution, Tris buffer solution, and Good’s buffer solution.
The buffer solution preferably has pH in a range of 6.0t0 9.5
and may appropriately be set depending on the property of
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the antibody to be used. For example, a buffer solution of pH
7.2 is usable for an anti-H-FABP monoclonal antibody
described later. The buffer solution may contain salts such as
NaCl, stabilizer and preservative such as sucrose, and anti-
septic such as ProClin. The salts include those contained for
adjusting ionic strength, such as NaCl, as well as those
added at the step of adjusting pH of the buffer solution, such
as sodium hydroxide.

After an antibody is immobilized to an insoluble mem-
brane, a blocking can be performed by using a commonly
used blocking agent in a solution or in a vapor state to coat
a portion other than the antibody-immobilized parts.

In this description, an insoluble membrane having an
antibody immobilized as described above is also referred to
as an “antibody-immobilized membrane”.

(Insoluble Membrane)

In the present invention, an insoluble membrane (herein-
after also simply referred to as a membrane) may be of any
material. For example, the materials include, but not limited
to, polyethylene, polyethylene terephthalate, nylons, glass,
polysaccharide such as cellulose and cellulose derivatives,
or ceramics. Specific examples include glass-fiber filter-
papers and cellulose filter-papers available from Merck,
Toyo Roshi, and Whatman. The pore diameter, structure, etc.
of an insoluble membrane can appropriately be selected to
control the speed of flow of the immune complex of a
colloidal gold-labeled antibody and an object through the
membrane. The amount of a labeled antibody binding to an
antibody immobilized to the membrane can be adjusted by
controlling the speed of flow through the membrane, and
therefore, the pore diameter and the structure of the mem-
brane are desirably optimized in consideration of combina-
tions with the other constituent materials of the immuno-
chromatographic test strip of the present invention.

(Absorption Pad)

In the present invention, an absorption pad refers to a
liquid-absorbing part absorbing the sample which has
moved on and passed through the insoluble membrane to
control the spread of the sample. The absorption pad may be
disposed at the most downstream portion of the strip con-
figuration in the lateral-flow format, and may be disposed
on, for example, the lower portion of the antibody-immo-
bilized membrane in the flow-through format. For example,
the absorption pad may be made of filter paper; however,
this is not a limitation. Preferably, 740-E of Whatman etc. is
used.

(Detection Device)

The immunochromatographic test strip of the present
invention can be installed and used in a container (housing)
which is appropriate with respect to the size of the strip, the
method and position of addition of the sample, the immo-
bilization position of antibody on antibody-immobilized
membrane, the signal detection method, etc., and such an
installed state is referred to as a “device”.

(Others)

In this description, an “insoluble membrane” is also
referred to as a “solid phase” and, allowing, or a state of
allowing, the insoluble membrane to physically or chemi-
cally support antigens or antibodies may be expressed as
“immobilization”, “immobilized”, “solid-phased”, “sensi-
tize/sensitization”, or “adsorb/adsorption”.

(Sample)

In the detection method of the present invention, a
“sample” containing an analyte is liquid containing a par-
ticulate component having a multiplicity of negative charges
on the surface and biological samples can include liquid
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containing red blood cells and particularly include whole
blood, red blood cells separated by centrifugation, etc.

(Analyte)

The analyte of the present invention is a substance present
in a biological sample such as blood (whole blood), red
blood cells, serum, plasma, urine, saliva, or sputum and is
exemplarily illustrated as, for example, inflammation related
markers such as CRP (C-reactive protein), 1gA, 1gG, and
IgM, coagulation/fibrinolysis markers such as fibrin degra-
dation products (e.g., D-dimer), soluble fibrin, TAT (throm-
bin-antithrombin complex), and PIC (plasmin-plasmin
inhibitor complex), circulation related markers such as oxi-
dized LDL, BNP (brain natriuretic peptide), and H-FABP
(heart-type fatty acid-binding protein), metabolism related
markers such as adiponectin, tumor markers such as CEA
(carcinoembryonic antigen), AFP (a-fetoprotein), CA19-9,
CA125, PSA (prostate-specific antigen), infection related
markers such as HBV (hepatitis B virus), HCV (hepatitis C
virus), Chlamydia trachomatis, and gonococcus, allergen-
specific IgE (immunoglobulin E), hormones, and drugs.
Among these, preferable objects are D-dimer, CRP, BNP,
H-FABP, etc., for which whole blood is in high demand as
a sample.

(Antibody Used in the Present Invention)

The antibody to the analyte used in the present invention
is not limited in any way by the producing method as long
as the antibody is specifically reactive to the analyte, and
may be a polyclonal antibody or a monoclonal antibody. A
hybridoma producing the antibody can generally be pre-
pared by cell fusion between spleen cells of an animal
immunized by using the analyte as an immunogen and
myeloma cells from the same species in accordance with the
method of Kohler and Milstein (see Nature, Vol. 256, p. 495,
1975).

When monoclonal antibodies are antibodies used in a
measurement method of detecting the analyte through for-
mation of so-called sandwich, the relationship between a
label-immobilized antibody (first antibody) and an insoluble
membrane-immobilized antibody (second antibody) is such
that the epitope of the second antibody is different from the
first antibody if the epitope of the first antibody is monova-
lent, and the epitope of the second antibody may be the same
as or different from the first antibody if the epitope of the
first antibody is multivalent.

In Example 1 described later, an anti-H-FABP monoclo-
nal antibody was used. Although a method of preparing the
anti-H-FABP monoclonal antibody used in the present
invention is as described in the next section, this is not a
limitation of the present invention and a commercially
available H-FABP monoclonal antibody may also be used.
Examples of the commercially available H-FABP monoclo-
nal antibodies include clones #5BS5, #10E1, etc. of HyTest
and clones #M79188, #M79189, etc. of Fitzgerald (It is
noted that monoclonal antibodies may be denoted by clone
names of hybridomas producing the respective antibodies
for convenience. The same applies hereinafter).

(Example of Preparation of Anti-H-FABP Monoclonal
Antibody)

(1) Preparation of Hybridoma

Human purified H-FABP (manufactured by HyTest) dis-
solved in PBS was used as an immunogen. This immunogen
was mixed and emulsified with complete Freund’s adjuvant
(manufactured by Wako Pure Chemical Industries) at a ratio
of one to one in fluid volume to prepare emulsion having the
H-FABP concentration of 0.5 mg/ml,, and 100 ul of the
emulsion was subcutaneously administered to a six-week-
old female BALB/C mouse. Subsequently, 100 pL of emul-
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sion having the H-FABP concentration of 0.2 mg/mL was
additionally administered three times in two and a half
months, and 100 pLL of 0.2 mg/m[. human purified H-FABP
dissolved in PBS was subcutaneously administered after 10
days from the third additional administration. The spleen,
the groin lymph nodes, and the iliac lymph nodes were
excised three days later, and the acquired spleen and lymph
node cells were mixed with myeloma cells SP2/O—Ag14 at
a ratio of six to one for cell fusion in the presence of 50%
polyethylene glycol 1540 (manufactured by Wako Pure
Chemical Industries). The fused cells were suspended in
HAT medium at 2.5x10%mL as spleen cells and dispensed
by 0.2 mL to 96-well culture plate (manufactured by CORN-
ING). The cells were cultured in a 5% CO, incubator at 37
degrees C. and, after about one week, strains which produce
antibodies reactive to H-FABP were selected by using the
ELISA method over the culture supernatant of wells with
growing hybridomas. Specifically, first, IgG in each of the
culture supernatants was solid-phased via goat anti-mouse
IgG (Fc) antibodies (manufactured by JACKSON) on a
microplate (manufactured by NUNC) and then reacted with
H-FABP. Subsequently, reaction was performed with biotin-
labeled anti-H-FABP rabbit polyclonal antibodies (manufac-
tured by Proteintech Group) and also with peroxidase-
labeled streptavidin (manufactured by PIERCE). A
peroxidase substrate solution containing ortho-phenylenedi-
amine (manufactured by Tokyo Chemical Industry) was
added for coloring and, after adding 1.5 N sulfuric acid to
stop the coloring, measurement was performed by a
microplate reader (Abs. 492 nm) to select hybridomas
exhibiting high reactivity to H-FABP. Selected hybridomas
were cloned with a limiting-dilution method to establish ten
types of anti-H-FABP monoclonal antibody-producing
hybridomas.

(2) Preparation of Monoclonal Antibody

The hybridomas acquired in (1) were intraperitoneally
administered in an amount of 0.2x10° cells to a 12-week-old
female BALB/C mouse preliminarily intraperitoneally
injected with 0.5 mL of pristane two weeks before. The
ascites was collected after about 14 days, and supernatant
was acquired by centrifugation. The supernatant was mixed
with the same amount of adsorption buffer solution (3 mol/L,
NaCl-1.5 mol/LL Glycine-NaOH, pH 8.5) and then filtrated.
After the filtrate was passed through a protein A column
(manufactured by GE Healthcare) equilibrated with the
adsorption buffer solution to adsorb antibodies in the filtrate
with the column, the antibodies were eluted with 0.1 mol/LL
citrate buffer solution (pH 3.0) and the anti-H-FABP mono-
clonal antibodies (Clone #87203 and Clone #87212) were
purified.

(Measurement)

A method of quantifying signals derived from colloidal
gold may be performed in accordance with a known method
and absorbance or reflected light intensity may be measured.
Alternatively, the changes in absorbance or reflected light
intensity can be extrapolated to the calibration curve of
samples with known concentrations to measure the concen-
tration of the object.

(Detection Method Using Immunochromatography)

The detection method using immunochromatography of
the present invention is a method comprising at least the
following steps of (A) to (E) and is typically a detection
method using the immunochromatographic test strip
described above:

(A) a step of supplying a sample to a sample-supply
portion of a test strip comprising a membrane consisting of
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a porous body equipped with at least a sample-supply
portion, a spreading portion, and a detecting portion,
wherein a colloidal-gold-labeled antibody to an analyte
(conjugate) is retained in a dissoluble manner in a part of the
spreading portion, and an antibody is immobilized in the
detecting portion which is a part of the spreading portion on
the downstream side relative to the conjugate-retaining part;

(B) a step of agglutinating a blood-derived component in
the sample through contact between polybrene and the
sample in the sample-supply portion or in the upstream of
the sample-supply portion;

(C) a step of separating and removing aggregates acquired
at step (B) from the sample;

(D) a step of bringing a sample component acquired at
step (C) after separation and removal of the aggregates into
contact with a colloidal gold-containing conjugate, the step
being performed in the presence of a buffer solution having
ability to suppress aggregation of the conjugate due to
polybrene; and

(E) a step of detecting a complex of the object in the
sample component and the conjugate acquired at the step
(D) in the detecting portion.

EXAMPLES

The present invention will specifically be described by
examples; however, the scope of the present invention is not
limited by the examples.

[Example 1] Measurement Using Buffer Solution of
the Present Invention (1)

1. Production of Immunochromatographic Device of the
Present Invention

1) Preparation of Colloidal Gold-Labeled Anti-H-FABP
Monoclonal Antibody (Anti-H-FABP Antibody Conjugate)

(i) Preparation of Colloidal Gold Solution

To 500 mL of purified water heated to 73 degrees C., 1 mLL
of a 5% (w/v) triammonium citrate aqueous solution was
added and then stirred and mixed. Subsequently, 1 mL of a
5% (w/v) tetrachloroauric(Ill) aqueous solution was added
and reacted for 10 minutes with stirring and the reaction
solution was then boiled. Subsequently, the reaction solution
was cooled in ice water and a solution of colloidal gold with
an average particle diameter of 40 nm was prepared. This
solution of colloidal gold having an average particle diam-
eter of 40 nm was adjusted to 1 OD/mL with a 20 mmol/L
Tris buffer solution (pH 7.0).

(ii) Preparation of Anti-H-FABP Antibody Conjugate

To 20 mL of the 1 OD/mL colloidal gold solution (pH
7.0), 1 mL of the anti-H-FABP monoclonal antibody (Clone
#87212) diluted to 46.2 ul/mL by a 2 mmol/LL Tris buffer
solution (pH 7.0) was added and stirred at room temperature
for 10 minutes. To the mixture solution of the colloidal gold
and the antibody, 1 mL of a 2 mmol/LL Tris buffer solution
(pH 7.0) containing a 0.2% (w/v) blocking agent (NEO
PROTEIN SAVER: TOYOBO Biochemical, No. NPS-301)
was added and stirred at room temperature for 5 minutes.
The mixture solution was then centrifuged at 10 degrees C.
at 11900xg for 45 minutes. After supernatant was removed,
1 mL of a conjugate-diluting solution (Conjugate Dilution
Buffer: SCRIPPS, No. B0221) was added to the acquired
sediment to suspend the conjugate to acquire the anti-H-
FABP antibody conjugate.

(iii) Preparation of Colloidal Gold-Labeled KLH (KLH
Conjugate) for Control Line
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To 20 mL of the 1 OD/mL colloidal gold solution (pH
6.1), 1 mL of KLH (manufactured by Sigma) diluted to 620
pg/mL by a 2 mmol/L, phosphate buffer solution (pH 6.1)
was added and stirred at room temperature for 10 minutes.
To the mixture solution of the colloidal gold and the KLH,
1 ml of a 10% bovine serum albumin (BSA) aqueous
solution was added and stirred at room temperature for 5
minutes. The mixture solution was then centrifuged at 10
degrees C. at 11900xg for 45 minutes. After supernatant was
removed, 1 mL of the conjugate-diluting solution was added
to the acquired sediment to suspend the conjugate to acquire
the KLH conjugate.

2) Production of Conjugate Pad

The anti-H-FABP antibody conjugate and the KLH con-
jugate prepared in 1), respectively, were mixed to produce
conjugate solutions of 16 OD/mL and 4.5 OD/mL with
purified water or the following buffer solutions each of the
water and buffer solutions containing 2.5% NEO PROTEIN
SAVER and 2.4% lactose, and then, a glass fiber pad having
a certain volume (Pall Corporation, No. 8964) was impreg-
nated with 1.2 volumes of the conjugate solutions relative to
the volume of the pad. The pad was heated and dried at 70
degrees C. for 45 minutes in a dry oven to acquire a
conjugate pad. If an additive such as a sensitizer i1s added as
needed, a necessary amount may be added to the conjugate
solutions before performing the same operation.

3) Production of Anti-H-FABP Monoclonal Antibody-
Immobilized Membrane

The anti-H-FABP monoclonal antibody (Clone #87203)
was diluted with a 10 mmol/L phosphate buffer solution (pH
7.2) containing 2.5% sucrose and prepared at 3 mg/ml, and
a rabbit anti-KLH polyclonal antibody (manufactured by
Bethyl) was diluted with a 10 mmol/L. phosphate buffer
solution (pH 7.2) containing 2.5% sucrose and prepared to
0.5 mg/mL for the purpose of coloring of the control line.
The anti-H-FABP monoclonal antibody was applied onto a
nitrocellulose membrane (Merck, HF180, 260 mmx25 mm)
at a position inside one end of a short side and the anti-KLH
polyclonal antibody was applied at an interval of about 5
mm from the position above by using an immunochromatog-
raphy dispenser “XYZ3050” (BIO DOT) set to 1 ul/cm in
a line shape. The membrane was dried at 70 degrees C. for
45 minutes in a dry oven to acquire an antibody-immobi-
lized membrane.

4) Production of Sample Pad

A glass fiber pad (Lydall) cut to a necessary size as needed
was impregnated with the same buffer solution (or purified
water) as for the conjugate pad but containing 1% polybrene
at 1.15 volumes relative to the volume of the pad and was
dried at 70 degrees C. for 45 minutes in a dry oven, and the
pad was used as a sample pad.

5) Production of Immunochromatographic Test Strip

To a plastic adhesive sheet (a), the antibody-immobilized
membrane (b) was affixed such that antibody-application
sites were arranged in the order of the anti-H-FABP antibody
(c) on the upstream side of spread and then the anti-KLH
antibody (d), and a blood cell-separation film (3rd pad) (e)
was further mounted. The conjugate pad (f) produced in 2)
was then disposed and mounted and the sample pad (g)
produced in 4) was disposed and mounted to overlap the
conjugate pad while the absorption pad (h) was disposed and
mounted on the end of the other side. The immunochro-
matographic test strip was produced by cutting into a
structure having the constituting elements overlapped with
each other as described above. The test strip was installed in
a dedicated plastic housing (having a sample-addition win-
dow and a detection window not depicted in FIG. 1) at the
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time of an assay to implement a form of an immunochro-
matographic test device. FIG. 1 is a schematic of the
structure of the immunochromatographic test strip.

2. Test Results

Study on Type of Buffer Solution Applied to Sample Pad

Each immunochromatographic test strip using a sample
pad and a conjugate pad impregnated with each of the nine
buffer solutions or purified water mentioned above was used
for measuring the level of aggregation of the conjugate after
contacting with polybrene and completing the spread over a
predetermined time. A plasma sample collected and centri-
fuged in an EDTA-2Na blood-collecting tube (Terumo Cor-
poration) was used as a saniple instead of whole blood so as
to more clearly reveal the colloidal gold conjugate-aggre-
gation effect of polybrene, and the H-FABP antigen (HyTest)
was added. To the sample pad at the window of the test
device, 120 pL, of the sample was added, and an overlapping
portion between the blood cell-separation film (e) and the
antibody-immobilized membrane (b) of the test device was
uncovered 10 minutes later to measure the reflected light
intensity by using the immunochromatography reader ICA-
1000 (Hamamatsu Photonics). The measured reflected light
intensity

was indicated as aggregation sensitivity with “~” indica-
tive of sensitivity equal to or less than 5 mAbs.,, “+”
indicative of sensitivity exceeding 5 mAbs. and equal to or
less than 10 mAbs., and “+” indicative of sensitivity exceed-
ing 10 mAbs. The aggregation of colloidal gold particles
cannot be confirmed visually at 10 mAbs. or less.

The results are described in Table 1 along with results of
Example 2.

e

[Example 2] Measurement Using Buffer Solution of
the Present Invention (2)

A test was conducted for the buffer solution component of
Example 1 bp using materials different from Example 1.

1. Production of Immunochromatographic Device of the
Present Invention (2)

1) Preparation of Colloidal Gold-Labeled Anti-D-Dimer
Monoclonal Antibody (Anti-D-Dimer Antibody Conjugate)

(i) Preparation of Colloidal Gold Solution (2)

To 500 mL of purified water heated to 65 degrees C., 0.7
mL of an aqueous solution acquired by dissolving triammo-
nium citrate and trisodium citrate dehydrate both at a ratio
of 7% (w/v) was added and then stirred and mixed. Subse-
quently, 1 mL of a 7% (w/v) tetrachloroauric(IIl) aqueous
solution was added and reacted for 10 minutes with stirring
and the reaction solution was then boiled. Subsequently, the
reaction solution was cooled in ice water to prepare a
solution of colloidal gold with an average particle diameter
of 30 nm. The solution of colloidal gold having an average
particle diameter of 30 nm was adjusted to 1 OD/mL with a
20 mmol/L Tris buffer solution (pH 7.5).

(i1) Preparation of Anti-D-Dimer Antibody Conjugate

To 20 mL of the 1 OD/mL colloidal gold solution (pH
7.5), 1 mL of the anti-D-Dimer monoclonal antibody (Clone
#672102) diluted to 60 pL/mL by a 10 mmol/L Tris buffer
solution (pH 7.5) was added and stirred at room temperature
for 10 minutes. To the mixture solution of the colloidal gold
and the antibody, 1 mL of the blocking agent N 102
(manufactured by NOF Corporation) was added and stirred
at room temperature for 5 minutes. Subsequently, 2 mL of a
20 mmol/L Tris buffer solution containing 5% (w/v) Block-
ing Peptide Fragment (manufactured by TOYOBO) was
added, further stirred for 5 minutes, and then centrifuged at
10 degrees C. at 11900xg for 45 minutes.
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After supernatant was removed, 800 pL of a conjugate-
diluting solution was added to the acquired sediment and
suspended to acquire the anti-D-Dimer antibody conjugate.

2) Production of Conjugate Pad

The anti-D-Dimer monoclonal antibody-sensitized con-
jugate prepared in 1) was mixed with purified water or the
following buffer solutions each of the water and buffer
solutions containing 1.5% Blocking Peptide Fragment and
2.4% lactose solution to produce a conjugate solution of 22
OD/mL, and a glass fiber pad having a certain volume (Pall
Corporation, No. 8964) was impregnated with 1.2 volumes
of the conjugate solution relative to the volume of the pad.
The pad was heated and dried at 70 degrees C. for 45
minutes in a dry oven to acquire a conjugate pad. If an
additive such as a sensitizer is added as needed, a necessary
amount may be added to the conjugate solution before
performing the same operation.

3) Production of Anti-D-Dimer Antibody-Immobilized
Membrane

The anti-D-Dimer monoclonal antibody (Clone #DD3B6,
manufactured by American Diagnostica) was prepared at 1.5
mg/mL in a 20 mmol/l. HEPES buffer solution (pH 8.0)
containing 2.5% sucrose, and a fibrin degradation product
was diluted and adjusted to 2.5 mg/mL with a 10 mmol/L
Tris buffer solution (pH 7.5) containing 2.5% sucrose for the
purpose of coloring of the control line. The anti-D-Dimer
monoclonal antibody was applied onto a nitrocellulose
membrane (Millipore, HF180, 260 mmx25 mm) at a posi-
tion inside one end of a short side and the fibrin degradation
product was applied at an interval of about 5 mm by using
an immunochromatography dispenser “XYZ3050” (BIO-
DOT) set to 0.8 ul/cm in a line shape. The membrane was
dried at 40 degrees C. for 45 minutes in a dry oven to acquire
an antibody-immobilized membrane. The fibrin degradation
product is prepared from stabilized fibrin by hydrolysis with
plasmin. Color develops when the conjugate sensitized with
the anti-D-Dimer monoclonal antibody binds to the fibrin
degradation product, exhibiting the control line for securing
the performance of an immunochromatographic reagent.

4) Production of Sample Pad

The sample pad was produced by the same operation as
Example 1.

5) Production of Immunochromatographic Test Strip

The test strip was produced by the same operation as
Example 1. It is noted that (¢) and (d) were replaced with the
anti-D-Dimer antibody and the fibrin degradation product,
respectively.

2. Test Results

Study on Type of Buffer Solution Applied to Sample Pad

Each immunochromatographic test strip using a sample
pad and a conjugate pad impregnated with each of the nine
buffer solutions or purified water was used for measuring the
level of aggregation of the conjugate after contacting with
polybrene and spreading over a predetermined time. A
plasma sample collected and centrifuged in an EDTA-2Na
blood-collecting tube (Terumo Corporation) supplemented
with the fibrin degradation product was used as a sample
instead of whole blood so as to more clearly reveal the
colloidal gold conjugate-aggregation effect of polybrene. To
the sample pad window of the test device, 120 plL of the
sample was added, and an overlapping portion between the
blood cell-separation film (e) and the antibody-immobilized
membrane (b) of the test device was uncovered 10 minutes
later to measure the reflected light intensity by using the
immunochromatography reader ICA-1000 (Hamamatsu
Photonics). The criterion for judgment is the same as
Example 1.
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TABLE 1
Example 1 Example 2
Aggregation Aggregation

Buffer solution pH  sensitivity Judgment sensitivity  Judgment
Bis-Tris 55 0.0 - 83 *
(pKa: 6.46) 6.0 0.0 - 5.2 E

6.5 0.0 - 169.6 ++

7.0 583 + 295.1 ++
MES 55 0.0 - 54 *
(pKa: 6.15) 7.0 4.0 - 61.2 +
Citric acid 4.0 0.0 - 0.0 -
(pKa: 6.4) 55 22 1.5
(pKa: 4.76) 6.5 0.0 4.7 -
(pKa: 2.12)
Purified water —— 38.2 + 48.8 +

When Bis-Tris or MES was used, the effect was confirmed
at pH lower than pKa in the studied pH range. For citric acid,
the effect was confirmed in the entire studied pH range.

This is common to Examples 1 and 2 and it is confirmed
that even when different materials are used, the effect can be
exerted on the same condition.

INDUSTRIAL APPLICABILITY

According to the present invention, in an immunochro-
matography method using polybrene as a blood-agglutinat-
ing agent and a colloidal gold conjugate as a detection
reagent, red blood cells can be agglutinated and then sepa-
rated and removed from a sample without aggregation of
colloidal gold by using a certain buffer solution and, there-
fore, an object in a sample can accurately be detected and
measured. Since addition of a polyanion as a neutralizer is
not an essential condition, a reagent configuration can be
made extremely simple and, therefore, the present invention
advantageously leads to reduction of factors causing unpre-
dictable effect to the immune reaction and to the spread of
the object on the strip.

REFERENCE SIGNS LIST

(a) plastic adhesive sheet

(b) antibody-immobilized membrane
(c) anti-H-FABP antibody

(d) anti-KLH antibody

(e) blood cell-separation film (3rd pad)
(f) conjugate pad

(g) sample pad

(h) absorption pad

The invention claimed is:

1. An immunochromatographic test strip, comprising:

(1) a membrane comprising a porous body, which com-
prises a sample-supply portion and a spreading portion,

wherein the sample-supply portion is upstream from the
spreading portion,

wherein the sample-supply portion contains hexadime-
thrine bromide,

wherein a conjugate of an anti-analyte antibody labeled
with colloidal gold is retained in a dissoluble manner in
a conjugate-retaining part of the spreading portion, and
an antibody is immobilized in a detecting part of the
spreading portion, which is from the conjugate-retain-
ing part,

wherein the sample-supply portion is a sample pad, and

wherein the conjugate-retaining part is a conjugate pad;

(2) a buffer solution component in a dry state,
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wherein the buffer solution component is contained on the
porous body upstream from the conjugate-retaining
part so as to be able to contact with the hexadimethrine
bromide provided through the sample-supply portion,
and

wherein the buffer solution component is selected from

the group consisting of Bis-Tris, MES, and citric acid.

2. The test strip of claim 1, wherein the sample-supply
portion comprises the buffer solution component.

3. The test strip of claim 1, wherein the test strip does not
comprise a polyanion.

4. The test strip of claim 1, wherein the buffer solution
component is Bis-Tris.

5. The test strip of claim 1, wherein the buffer solution
component is MES.

6. The test strip of claim 1, wherein the buffer solution
component is citric acid.

7. The test strip of claim 1, wherein the sample-supply
portion comprises glass fiber.

8. The test strip of claim 1, wherein the amount of the
buffer solution component is an amount capable of suppress-
ing the aggregation of the colloidal gold conjugate due to the
hexadimethrine bromide.

9. The test strip of claim 1, wherein the sample pad is
obtained by impregnating the sample pad with 20 to 100
mmol/LL Bis-Tris, MES, or citric acid buffer solution and
drying.

10. The test strip of claim 9, wherein the concentration of
hexadimethrine bromide in said 20 to 100 mmol/L Bis-Tris,
MES, or citric acid buffer solution is 0.5 to 4%.

11. The test strip of claim 8, wherein the sample pad is
obtained by impregnating the sample pad with 20 to 100
mmol/L Bis-Tris, MES, or citric acid buffer solution and

drying.
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12. The test strip of claim 11, wherein the concentration
of hexadimethrine bromide in said 20 to 100 mmol/L
Bis-Tris, MES, or citric acid buffer solution is 0.5 to 4%.

13. The test strip of claim 1, wherein the sample pad is
obtained by impregnating the sample pad with a solution
containing 0.5 to 4% hexadimethrine bromide.

14. The test strip of claim 1, wherein the sample pad is
obtained by impregnating the sample pad with a solution
containing 20 to 100 mmol/T. Bis-Tris, MES, or citric acid
buffer and a solution containing 0.5 to 4% hexadimethrine
bromide and drying.

15. The test strip of claim 8, wherein the sample pad is
obtained by impregnating the sample pad with a solution
containing 0.5 to 4% hexadimethrine bromide.

16. The test strip of claim 8, wherein the sample pad is
obtained by impregnating the sample pad with a solution
containing 20 to 100 mmol/L Bis-Tris, MES, or citric acid
buffer and a solution containing 0.5 to 4% hexadimethrine
bromide and drying.

17. An immunochromatographic test strip, comprising:

(1) a sample pad suitable to be supplied with a sample;

(2) a conjugate pad disposed downstream of the sample

pad and retaining in a dissoluble manner a conjugate of
an anti-analyte antibody labeled with colloidal gold;
and
(3) an insoluble membrane disposed downstream of the
conjugate pad and immobilizing an antibody which
binds to a complex of the conjugate and an analyte,

wherein the sample pad comprises hexadimethrine bro-
mide, and

wherein the sample pad and the conjugate pad comprise

a buffer solution component selected from the group
consisting of Bis-Tris, MES and citric acid,

wherein the buffer solution component is in a dry state.

I S I
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