DESCRIPTION

TITLE OF THE INVENTION: ANALYSIS DEVICE AND ANALYSIS METHOD

TECHNICAL FIELD
[0001]

The present invention relates to an analysis device and
an analysis method, a dilution device and a dilution method for
a test liquid containing an agglutination-based immunological
reagent and a component to be analyzed, and an immunological

reagent for use in these devices and methods.

BACKGROUND ART
[0002]

Recently, automation and reduction in measuring time are
attempted in various examinations such as clinical examinations.
As an examination method, measurement methods utilizing
immunological reaction for measuring a substance in a
bioclogical sample are widely used. Many immunological
measurement methods including radioimmunoassay (RIA), enzyme
immunoassay (EIA), immunonephelometry, latex agglutination,
colloidal gold agglutination, and immunochromatography are
known. 2Among these, immunological agglutination such as latex
agglutination or colloidal gold agglutination, which does not
require separation of the reaction liquid and a washing

operation, is suited for automation of measurement, and



short-time measurement.
[0003]

However, when concentrations of a component to be
measured contained in the sample lie in a wide range, there
arises a problem that the objective component cannot be measured
accurately and efficiently due to the influence of a prozone
phenomenon. The prozone phenomenon is the phenomenon that the
reaction is suppressed due to high concentration of the
objective component in an actual sample, and the objective
component is determined to be apparently absent, or present in
a low concentration.

[0004]

As a solution for the prozone, for example, a method of
suppressing the phenomenon by adding a surfactant or the like
rather than conducting dilution (Patent Document 1), and a
method of measuring while devising an antibody for a specific
objective component having a high concentration range such as
gserum amyloid A or C-reactive protein (Patent Documents 2 and
3) have been devised, however, with such methods, the phenomenon
cannot be sufficiently suppressed, or such device cannot be
utilized depending on the objective component.

[0005]

Further, when a diluting operation is included, the

measurement range of the objective component is generally about

10 to 50 times the reference level. For such a sample having



high concentration outside the measurement range, operations
that are complicated and require accuracy, such as dilution
before measurement, uniform dilution before and after
measurement, and dilution repeated several times to make the
sample measurable have been conducted. However, for example,
the needs for quantitative measurement of a component having
a very wide concentration range such as fecal calprotectin or
fecal hemoglobin, or fecal lactoferin and so on having a
concentration distribution of about 10000 times are high in
clinical environments. For rapid and accurate measurement of
an objective component contained in a sample that is highly
possibly influenced by the prozone phenomenon, it is desired

that the sample is diluted at an optimum rate.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0006]
Patent Document 1: JP-B2-3851807
Patent Document 2: JP-B2-4413179

Patent Document 3: JP-A-2009-85702

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

As described above, conventionally, in a measurement or



the 1like with an agglutination-based immunological reagent, for
example, in measurement of items such as fecal hemoglobin, fecal
calprotectin, and fecal lactoferin and the like, for which an
object to be measured has a wide range, the fact that the sample
has a concentration outside a measurement range is realized
after a series of measurements for a sample having high
concentration outside the measurement range, and thus it has
been necessary to dilute the sample again, and measure again,
and repeat the dilution and measurement operations until the
sample falls within an appropriate concentration region. In
a measuring method or the like utilizing an agglutination-based
immunological reaction, there is a problem that the prozone
phenomenon occurs when the concentration of the component to
be analyzed is high, and thus it has been difficult to analyze
the concentration and the behavior rapidly and accurately.
[0008]

In light of the above, it is an object of the present
invention to provide an analysis device and an analysis method
that predict a concentration even for a high concentration
sample that can be outside the measurement range as it is, using
an absorbance measurement result (alternatively called an
absorbance variation or the like, and means absorbance
variation, absorbance, difference in absorbance, rate of change
in absorbance, and so on) in a reaction course at the time of

measurement of a test liquid containing an immunological



reagent and the sample, and determine an optimum dilution rate
to conduct measurement.
[0009]

Also, it is an object of the present invention to provide
an analysis device and an analysis method, and an immunological
reagent for use in the analysis device and the analysis method,
that predict a concentration even for a sample having high
concentration that can be outside a measurement range as it is,
using an absorbance measurement result in a reaction course at
the time of measurement of a test liquid containing an
immunological reagent and the sample, and determine an optimum
dilution rate to conduct measurement accompanied by the
dilution (dilution reexamination).

[0010]

Further, it is an object of the present invention to
provide an analysis device and an analysis method that output
a concentration without accompanied by dilution reexamination
even for a sample having high concentration that can be ocutside
a measurement range as it is, using an absorbance measurement
result in a reaction course at the time of measurement of a test
liquid containing an immunological reagent and the sample.
[0011]

Also, it is an object of the present invention to provide
a dilution device and a dilution method that predict a

concentration even for a sample having high concentration that



can be outside a measurement range as it is, using an absorbance
measurement result in a reaction course at the time of
measurement of a test liquid containing an immunological
reagent and the sample, and determine an optimum dilution rate
to conduct the dilution.
[0012]

Also, it is an object of the present invention to provide
an immunological reagent that is suitably used in the analysis
device and the analysis method, and the dilution device and the

dilution method.

MEANS FOR SOLVING THE PROBLEMS
[0013]

The present inventors made diligent efforts to solve the
aforementioned problems, and devised an analysis device and an
analysis method, and an immunological reagent for use in the
analysis device and the analysis method, and found that the
aforementioned objects can be achieved by the aforementioned
device and the like, to finally accomplish the present
invention.

[0014]

An analysis device of the present invention is an analysis
device for a test ligquid containing an agglutination-based
immunological reagent and a component to be analyzed, the device

including:



means (A) that detects a prozone during measurement of
the component to be analyzed; and

means (B) that determines a high concentration region by
automatically determining a dilution rate of the test liquid.
[0015]

Also, in the analysis device of the present invention,
the means (A) that detects a prozone may be detection means using
an absorbance measurement result in a reaction course of the
component to be analyzed.

[0016]

Also, in the analysis device of the present invention,
the detection means may be detection means that detects a
prozone by referring to change in absorbance in a reaction
course of a calibration sample for the component to be analyzed
that is measured in advance.

[0017]

Also, in the analysis device of the present invention,
the means (B) that determines a high concentration region may
be determination means that determines a dilution rate of the
test liquid by using an absorbance measurement result in a
reaction course of the component to be analyzed.

[0018]

Also, in the analysis device of the present invention,

the determination means may be determination means that

determines a dilution rate of the test liquid by referring to



change in absorbance in a reaction course of a calibration
sample for the component to be analyzed that is measured in
advance.

[0019]

Also, in the analysis device of the present invention,
the analysis device can further include means (C) that dilutes
the test liquid at the dilution rate determined by the means
(B) that determines a high concentration region.

[0020]

In the analysis device of the present invention, the
component to be analyzed may include a tissue-derived
component.

[0021]

Also, an analysis device of the present invention is an
analysis device for a test ligquid containing an
agglutination-based immunological reagent and a component to
be analyzed, the device including:

means (A) that detects a prozone during measurement of
the component to be analyzed; and

means (D) that outputs a concentration of the component
to be analyzed based on an absorbance measurement result in a
reaction course of the component to be analyzed without
accompanied by dilution reexamination.

[0022]

The analysis device of the present invention may include



the means (D) that outputs a concentration of the component to
be analyzed using an initial time at which a threshold is
exceeded in place of the absorbance measurement result in the
reaction course.

[0023]

Also, the analysis device of the present invention may
include the means (D) that conducts nonlinear fitting for
absorbance measurement result (y) and reaction time (x) in the
reaction course, extracts a parameter, and outputs a
concentration of the component to be analyzed.

[0024]

Also, the analysis device of the present invention may
include the means (D) that outputs a concentration of the
component to be analyzed, wherein the nonlinear fitting uses
a cumulative distribution function, or a function obtained by
adding one or both of a constant of proportionality and a
constant term to a cumulative distribution function.

[0025]

Also, the analysis device of the present invention may
include the means (D) that outputs a concentration of the
component to be analyzed using a mode of a probability density
function obtained by differentiating the cumulative
distribution function as a parameter.

[0026]

Also, the analysis device of the present invention may



include the means (D) that outputs a concentration of the
component to be analyzed, wherein the cumulative distribution
function uses any one of normal distribution, exponential
distribution, binomial distribution, logistic distribution,
and gamma distribution.

[0027]

On the other hand, an analysis method of the present
invention is an analysis method for a test liquid containing
an agglutination-based immunological reagent and a component
to be analyzed, the method including:

a step (a) that detects a prozone during measurement of
the component to be analyzed; and

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test liquid.
[0028]

In the analysis method of the present invention, in the
step (a) that detects a prozone, a prozone detection may be
conducted using an absorbance measurement result in a reaction
course of the component to be analyzed.

[0029]

Also, in the analysig method of the present invention,
in the step (a) that detects a prozone, a prozone may be detected
by referring to an absorbance measurement result in a reaction
course of a calibration sample for the component to be analyzed

that is measured in advance.
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[0030]

Also, in the analysis method of the present invention,
in the step (b) that determines a high concentration region,
a dilution rate of the test liquid may be determined by using
an absorbance measurement result in a reaction course of the
component to be analyzed.

[0031]

Also, in the analysis method of the present invention,
in the step (b) that determines a high concentration region,
adilution rate of the test liquid may be determined by referring
to an absorbance measurement result in a reaction course of a
calibration sample for the component to be analyzed that is
measured in advance.

[0032]

Also, in the analysis method of the present invention,
the analysis method may further include a step (¢) that dilutes
the test liquid at the dilution rate determined by the step (b)
that determines a high concentration region.

[0033]

In the analysis method of the present invention, the
component to be analyzed may include a tissue-derived
component.

[0034]
Also, an analysis method of the present invention is an

analysis method for a test liquid containing an

11



agglutination-based immunological reagent and a component to
be analyzed, the method including:

a step (a) that detects a prozone during measurement of
the component to be analyzed; and

a step (d) that outputs a concentration of the component
to be analyzed based on an absorbance measurement result in a
reaction course of the component to be analyzed without
accompanied by dilution reexamination.

[0035]

The analysis method of the present invention may include
the step (d) that outputs a concentration of the component to
be analyzed using an initial time at which a threshold is
exceeded in place of the absorbance measurement result in the
reaction course.

[0036]

Also, the analysis method of the present invention may
include the step (d) that conducts nonlinear fitting for
absorbance measurement result (y) and reaction time (x) in the
reaction course, extracts a parameter, and outputs a
concentration of the component to be analyzed.

[0037]

Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed, wherein the nonlinear fitting uses

a cumulative distribution function, or a function obtained by
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adding one or both of a constant of proportionality and a
constant term to a cumulative distribution function.
[0038]

Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed using a mode of a probability density
function obtained by differentiating the cumulative
distribution function as a parameter.

[0039]

Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed, wherein the cumulative distribution
function uses any one of normal distribution, exponential
distribution, binomial distribution, logistic distribution,
and gamma distribution.

[0040]

On the other hand, a dilution device of the present
invention is a dilution device for a test liquid containing an
agglutination-based immunological reagent and a component to
be analyzed, the device including:

means (A) that detects a prozone during measurement of
the component to be analyzed;

means (B) that determines a high concentration region by
automatically determining a dilution rate of the test liquid;

and

13



means (C) that dilutes the test liquid at the dilution
rate determined by the means (B) that determines a high
concentration region.

[0041]

Also, a dilution method of the present invention is a
dilution method for a test liquid containing an
agglutination-based immunological reagent and a component to
be analyzed, the method including:

a step (a) that detects a prozone during measurement of
the component to be analyzed;

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test liquid;
and

a step (c) that dilutes the test liquid at the dilution
rate determined by the step (b) that determines a high
concentration region.

[0042]

Further, an immunological reagent of the present
invention is an immunological reagent for use in the analysis
device and the analysis method, and in the dilution device and
the dilution method, the immunological reagent being designed
to have an upper limit concentration that is measurable without
dilution of 0.5 times to 1 time a concentration where a prozone
occurs in the means (B) or the step (b) that determines a high

concentration region.

14



[0043]
In the immunclogical reagent of the present invention,

the tissue-derived component may be an antigen or an antibody.

EFFECT OF THE INVENTION
[0044]

According to the analysis device and the analysis method
of the presgsent invention, since the analysis device and the
analysis method include the means (A) and the step (a) that
detect a prozone during measurement of the component to be
analyzed; and the means (B) and the step (b) that determine a
high concentration region by automatically determining a
dilution rate of the test liquid, it becomes possible to predict
a concentration even for a high concentration sample that can
be outside the measurement range as it is, by using an absorbance
variation or the like in a reaction course even at the time of
measurement of a test liquid containing a high concentration
sample and an immunological reagent, and determine an optimum
dilution rate to conduct measurement. The high concentration
determination may be a function of determining whether the
concentration falls in the measurement range by 10-fold
dilution when the sample is detected to have a high
concentration by the prozone detection. By automating the
whole or part of the means and the steps, it becomes possible

to achieve more simple and more rapid measurement and analysis.
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[0045]

When the device includes the means (C) that dilutes the
test liquid at the dilution rate determined by the means (B)
that determines a high concentration region, or the method
includes the step (c) that dilutes the test ligquid at the
dilution rate determinéd”by'the step (b) that determines a high
concentration region, it becomes possible to predict a
concentration even for a high concentration sample that can be
outside the measurement range as it is, by using an absorbance
variation or the like in a reaction course even at the time of
measurement of a test liquid containing a high concentration
sample and an immunological reagent, and determine an optimum
dilution rate to conduct measurement accompanied by the
dilution. The dilution may be conducted automatically or
manually for the component to be analyzed at the determined
dilution rate with a diluent or the like. Therefore,
measurement of a high concentration sample that has been
difficult heretofore can be performed rapidly and more
accurately without a burden on the measuring person, and also
change in symptom of the patient can be easily observed and
diagnosed. For example, a sample from a serious patient
gometimes has high concentration, and is accompanied by a
dilution operation every time in the follow-up observation, so
that there has been a drawback in rapidity and accuracy.

However, the present means enables more simple and more rapid

16



grasping. Also, the analysis device of the present invention
becomes an analysis device capable of more simple and more rapid
measurement and analysis by automating the whole or part of the
means up to the diluting means.

[0046]

Further, according to the analysis device and the
analysis method of the present invention, it becomes possible
to output a concentration without accompanied by dilution
reexamination even for a sample having high concentration that
can be outgide a measurement range as it is using an absorbance
variation or the like in a reaction course at the time of
measurement of a test liquid containing an immunological
reagent and the sample. By automating the whole or part of the
means and the steps, it becomes possible to achieve more gsimple
and more rapid measurement and analysis.

[0047]

Also, according to the dilution device and the dilution
method of the present invention, it becomes possible to predict
a concentration even for a sample having high concentration that
can be outside a measurement range as it is using an absorbance
variation or the like in a reaction course at the time of
measurement of a test liquid containing an immunological
reagent and the sample, and determine an optimum dilution rate
to conduct the dilution. By automating the whole or part of

the means and the steps, it becomes possible to achieve more
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simple and more rapid measurement and analysis.
[0048]

Also, according to the immunclogical reagent of the
present invention, since the immunological reagent is designed
to have an upper limit concentration that is measurable without
dilution of 0.5 times to 1 time a concentration where a prozone
occurs in the means (B) or the step (b) that determines a high
concentration region, it is possible tomake the analysis device
and the analysis method, and the dilution device and the

dilution method more simple and more rapid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0049]

Fig. 1 shows one example of an explanatory view concerning
antigen concentration and prozone in an immunoassay.

Fig. 2 shows one example of an explanatory view concerning
initial reaction velocity.

Fig. 3 illustrates an explanatory view concerning
reaction velocity ratio.

Fig. 4 shows one example of an explanatory view concerning
a measurement flow in the present invention.

Fig. 5 shows a measurement result or the like in Example
1-1 of the present invention.

Fig. 6 shows a measurement result or the like in Example

1-2 of the present invention.
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Fig. 7 shows a measurement result or the like in Example
2 of the present invention.

Fig. 8 shows a measurement result or the like in Example
3 of the present invention.

Fig. 9 shows measurement results or the like in Example
4 and Comparative Example 1 of the present invention.

Fig. 10 shows measurement results or the like in Examples
4 to 6 of the present invention.

Fig. 11 shows an explanatory view concerning calculation
of AT in Example 7 of the present invention.

Fig. 12 shows a measurement result or the like in Example
7 of the present invention.

Fig. 13 shows an explanatory view in Example 8 of the
present invention.

Fig. 14 shows an explanatory view in Example 8 of the
present invention.

Fig. 15 shows a fitting result by gamma distribution in
Example 8 of the present invention.

Fig. 16 shows a calculation result of an inflection point
in Example 8 of the present invention.

Fig. 17 shows a result of correlativity of an inflection
point of high concentration calprotectin in Example 8 of the

present invention.

MODE FOR CARRYING OUT THE INVENTION
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[0050]

Hereinafter, embodiments the present invention are
described in detail.
[0051]

First, with reference to the explanatory view concerning
antigen concentration and prozone illustrated in Fig. 1, the
relation between antigen concentration (sample concentration,
concentration of component to be analyzed) and prozone is
described. In measurement using an immunological reagent,
such as agglutination, concentration of antigen or antibody in
the sample is measured based on the absorbance variation.
Although monotone increasing is observed in the absorbance
variation and the concentration in a measurement range (the
region indicated by “measurement range” in Fig. 1), the
absorbance variation tends to decrease with the concentration
of the sample in a high concentration region (the region
indicated by “prozone region” in Fig. 1). This region is called
“prozone region” where accurate calculation of the
concentration is very difficult to be made. Conventionally,
when the prozone is detected after once conducting measurement,
the measuring person conducts measurement repeatedly until the
concentration falls within a proper measurement range by
increasing or decreasing the dilution rate or the sample amount.
[0052]

Next, description concerning a measurement flow of the

20



present invention is made. First, Fig. 2 illustrates an
explanatory view concerning initial reaction velocity. As
shown in Fig. 2, assuming that each difference in absorbance
(Abs) between reaction times t, and tp are Abs, and Abs,, an
initial reaction velocity V1 is defined by the formula shown
in Fig. 2. Similarly, an initial reaction velocity in a
calibration sample for the component to be analyzed is defined
as Vlstq. In addition, a relative ratio of the initial reaction
velocity V1 to the initial reaction velocity Vlgqg in the
calibration sample is defined as a relative initial reaction
velocity V1/Vlgeg.

[0053]

Fig. 3 illustrates an explanatory view concerning
reaction velocity ratio. As shown in Fig. 3, a reaction
velocity ratio R of the reaction velocity V2 between the
reaction times t. and tg to the initial reaction velocity Vi1
between the reaction times t; and tp is defined by the formula
(V2/Vv1) shown in Fig. 3. Similarly, a reaction velocity ratio
Retg of the reaction velocity V2gq between the reaction times
te and tg to the initial reaction velocity Vlgea between the
reaction times t, and t, in the calibration sample is defined
by the formula (V2ga/Vlea) shown in Fig. 3. In addition, a
relative ratio of the reaction velocity ratio R to the reaction
velocity ratio Rgq in the calibration sample is defined as a

relative reaction velocity ratio R/Rsta-
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[0054]

Fig. 4 illustrates an explanatory view concerning a
measurement flow in the present invention. While Fig. 4
illustrates a measurement flow including a calibration process
using a calibration sample for a component to be analyzed, and
a measurement process of a component to be analyzed as a
measurement flow, the measurement flow is not limited to this.
First, in the calibration process using a calibration sample
for a component to be analyzed, reaction between a calibration
sample for a component to be analyzed, having a known
concentration, and an immunological reagent is started, and
measurement i1s conducted until end of the reaction, and a
calibration curve of absorbance variation is prepared, and the
reaction velocity Vlgq and the reaction velocity ratio Rgq are
calculated.

[0055]

Next, in the measurement process of a component to be
analyzed, reaction between the component to be analyzed and the
immunological reagent is started, and whether or not the sample
falls within a prozone (prozone determination of detecting a
prozone) is determined using the reaction velocity Vlgg in the
reaction process (until end of the reaction), and when the
sample is determined as being in the measurement range, the
reaction is ended as is, and a measurement result is outputted

or recorded to end the measurement. On the other hand, when
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the sample is determined as being in the prozone in the prozone
determination, a determination regarding the degree of high
concentration (high concentration determination) is conducted
subsequently. In the high concentration determination, the
reaction velocity ratio Rgg is used. In other words, the
prozone detection determines whether the sample is a sample in
need of dilution, and the high concentration determination
determines an appropriate dilution rate. An appropriate
dilution rate means a dilution rate for making the high
concentration sample fall within the measurement range. For
example, in a measurement system having a measurement range of
50 to 1000 U/mL, 10-fold dilution is an appropriate dilution
rate for a sample of 2000 U/mL, and 100-fold is an appropriate
dilution rate for a sample of 20000 U/mL. The high
concentration determination is a function of estimating a
concentration and determining an appropriate dilution rate even
for a sample in the prozone region exceeding the upper limit
of the measurement range.

[0056]

Fig. 4 illustrates an example of conducting high
concentration determination in which the sample is classified
into two stages: the case where the sample can be rendered in
the measurement range by 10-fold dilution, and the case where
the sample can be rendered in the measurement range by 100-fold

dilution, and determination is made for the case where the
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sample can be rendered in the measurement range by 100-fold
dilution. The dilution rate and the flow after determination
are not limited to these, but the dilution rate can be
appropriately set depending on the component to be analyzed,
and the measurement range and the reaction behavior of the
immunological reagent and the like.

[0057]

When it is determined that the sample can be rendered in
the measurement range by 10-fold dilution in the high
concentration determination, the sample is diluted 10-fold
before conducting dilution reexamination, the reaction between
the component to be analyzed and the immunological reagent is
restarted, the reaction is ended as it is, and then a measurement
result is outputted or recorded, to finish the measurement.
Meanwhile, when it is determined that the sample can be rendered
in the measurement range by 100-fold dilution (determined as
not being rendered in the measurement range by 10-fold dilution)
in the high concentration determination, the sample is diluted
100-fold before conducting dilution reexamination, the
reaction between the component to be analyzed and the
immunological reagent is restarted, the reaction is ended as
it is, and then a measurement result is outputted or recorded,
to finish the measurement.

[0058]

On the other hand, when the concentration of the component

24



to be analyzed is outputted based on an absorbance variation
or the like in the reaction process of the component to be
analyzed without conduction of dilution reexamination, the
concentration can be outputted based on a high concentration
calibration curve that is prepared in advance, in place of the
high concentration determination. In this case, quantitative
evaluation is enabled without conduction of dilution
reexamination.

[0059]

In the formula used in the high concentration
determination, the sensitivity varies depending on the
concentration, for example, the sensitivity is very poor at high
concentration, and this sometimes makes it difficult to predict
the concentration. Examples 7 and 8 show examples of a method
of preparing a calibration curve in a high concentration region.
[0060]

As a more specific method, time course data was fitted
by a mathematical formula in which a correction term is added
to a cumulative function of Y distribution, to extract a
parameter. The value obtained by division of the parameter,
and the concentration have a linear relationship, so that the
line can be used as a calibration curve.

[0061]
Hereinafter, configurations and elements in the present

invention are described more specifically.
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[0062]

An analysis device of the present invention is an analysis
device for a test liquid containing an agglutination-based
immunological reagent and a component to be analyzed, the device
including:

means (A) that detects a prozone during measurement of
the component to be analyzed; and

means (B) that determines a high concentration region by
automatically determining a dilution rate of the test liquid.
[0063]

Since the analysis device of the present invention
includes the means (A) that detects a prozone during measurement
of the component to be analyzed; and the means (B) that
determines a high concentration region by automatically
determining a dilution rate of the test liquid, as described
above, the analysis device of the present invention becomes an
analysis device capable of predicting a concentration even for
a high concentration sample that can be outside the measurement
range as it is, by using an absorbance variation or the like
in a reaction course even at the time of measurement of a test
liquid containing a high concentration sample and an
immunological reagent, and determining an optimumdilution rate,
and thus conducting accurate measurement in a short time. Also,
the analysis device of the present invention becomes an analysis

device capable of more simple and more rapid measurement and
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analysis by automating the whole or part of the means.
[0064]

The means (A) that detects a prozone during measurement
of the component to be analyzed can be, for example, means that
calculates the initial reaction velocity V1 and determines by
using a threshold that is set in advance. By the means that
determines based on the velocity in the initial stage after
starting of the measurement, a prozone can be detected even in
the initial stage of reaction. For example, in a measurement
flow in which the measurement time of one sample is 10 minutes
or 15 minutes, it becomes possible to detect a prozone at around
1 minute after starting of the reaction.

[0065]

Also, in the analysis device of the present invention,
the means (A) that detects a prozone may be detection means using
an absorbance variation or the like in a reaction course of the
component to be analyzed.

[0066]

The absorbance variation in the present invention may be
an absorbance variation at a specific wavelength, or may be a
variation in difference between absorbances at specific
wavelengths at two points. For example, when a colloidal gold
reagent is used, difference between absorbances measured with
the light of two wavelengths including a dominant wavelength

of 540 nm (maximum absorption wavelength of colloidal gold
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particles that decreases with reaction) and a reference
wavelength of 660 nm (absorption wavelength of colloidal gold
particles that increases with reaction) can also be used.
[0067]

Also, in the analysis device of the present invention,
the detection means may be detection means that detects a
prozone by referring to change in absorbance in a reaction
course of a calibration sample for the component to be analyzed
that is measured in advance. In the calibration process, by
starting reaction between a calibration sample having a
definite concentration or the like, and an immunological
reagent, measuring until the reaction ends, to prepare a
calibration curve of an absorbance variation or the like, and
calculating the initial reaction velocity Vlgq, it is possible
to obtain a threshold with higher accuracy as a threshold in
the prozone determination, in comparison with the upper limit
initial reaction velocity in the calibration sample. Also, for
different lots of the immunclogical reagent, a more appropriate,
common threshold can be set as the threshold. This is effective
for compensation of an error between different lots.
[0068]

The means (B) that determines a high concentration region
by automatically determining a dilution rate of the test 1liquid
can be, for example, means that calculates the reaction velocity

ratios R and Rga, and determines the degree of high
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concentration according to the calculated value (high
concentration determination). By the means (B) that conducts
high concentration determination, more simple, more rapid and
more accurate measurement and analysis become possible even for
a component to be analyzed for which re-measurement and dilution
have been repeated relying on intuition or by repetitive trial
and error until the sample falls within the measurable range
heretofore.

[0069]

Also, in the analysis device of the present invention,
the means (B) that determines a high concentration region may
be determination means that determines a dilution rate of the
test liquid by using an absorbance variation or the like in a
reaction course of the component to be analyzed. As shown in
Figs. 3, 7, for example, one exemplary means conducts 10-fold
dilution when R > Rd, and conducts 100-fold dilution when R <
Rd assuming that reaction velocity ratio R (= V2/V1l (A2/Al))
of reaction velocity V2 between reaction times t. and tg (A2
in Fig. 7) to initial reaction velocity V1 between reaction
times t, and tp (Al in Fig. 7) is defined as a formula shown
in Fig. 3, and a threshold (Rd) is set. The dilution
concentration and the number of the branched flow after
determination are not limited to the above, and for example,
they can be appropriately set depending on the component to be

analyzed, the immunological reagent, the reaction behavior and
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the 1ike. For example, the dilution rate can be 2-fold, 3-fold,
5-fold 7-fold, 10-fold, 20-fold, 30-fold, 50-fold, 100-fold and
so on, and the number of stages of the branched flow in the high
concentration determination can be multiple besides two.
[0070]

The reaction time t, to ty can be, for example, 0 to 30%
and may be 0 to 5%, 5 to 10%, 10 to 15%, 15 to 20% and so on
from the start when the total reaction time is 100%. For example,
when the measurement time of the sample is 10 minutes, the
reaction time canbe 0 to 3 minutes, 0 to 1 minute, 1 to 2 minutes,
2 to 3 minutes and so on from starting of the measurement.
[0071]

The reaction time t. to tg can be, for example, 10 to 40%
and may be 10 to 15%, 15 to 20%, 20 to 25%, 25 to 30% and so
on from the start when the total reaction time is 100%. For
example, when the measurement time of the sample is 10 minutes,
the reaction time can be 1 to 4 minutes, 1 to 2 minutes, 2 to
3 minutes, 3 to 4 minutes and sgo on from starting of the
measurement. Although the reaction times t,, tpy and the
reaction times t., tq may be overlapped in one section, it is
to be noted that t, temporally precedes t..

[0072]

Also, 1n the analysis device of the present invention,

the determination means may be determination means that

determines a dilution rate of the test liquid by referring to
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change in absorbance in a reaction course of a calibration
sample for the component to be analyzed that 1s measured in
advance. As shown in Figs. 3, 8, for example, one exemplary
means conducts 10-fold dilution when (R/Rstg) = RE, and conducts
100-fold dilution when (R/Rstg) < Rf agsuming that a threshold
(Rf) is set based on the relative reaction velocity ratio R/Rgeq
as shown in the formula shown in Fig 3 using the reaction velocity
ratio R (= V2/V1l (A2/Al1)) of the reaction velocity V2 between
the reaction times t. and tg to the reaction velocity V1 between
the reaction times t, and t,, and the reaction velocity ratio
Rerg (= V2gra/Vlseq) 1n the calibration sample. Inthe calibration
process, by starting reaction between a calibration sample
having a definite concentration or the like, and an
immunological reagent, measuring until the reaction ends, to
prepare a calibration curve of an absorbance variation or the
like, calculating the reaction velocity ratio Rgrg, and using
the relative reaction velocity ratio R/Rgrgq, it is possible to
obtain a threshold with higher accuracy as a threshold (Rf) in
the high concentration determination, in comparison with the
upper limit reaction velocity ratio in the calibration sample.
Alsgso, for different lots of the immunological reagent, a more
appropriate, common threshold can be set as the threshold. This
is effective for compensation of an error between different
lots.

[0073]
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Also, in the analysis device of the present invention,
the analysis device can further include means (C) that dilutes
the test liquid at the dilution rate determined by the means
(B) that determines a high concentration region. The means (C)
that dilutes can be, for example, means that adds a solvent of
the test liquid to the sample to be subjected to dilution
reexamination so that the test liquid is diluted at the dilution
rate. When the analysis device includes the means (C) that
dilutes the test liquid at the dilution rate determined by the
means (B) that determines a high concentration region, the
analysis device becomes an analysis device capable of
predicting a concentration even for a high concentration sample
that can be outside the measurement range as it is, by using
an absorbance variation or the like in a reaction course even
at the time of measurement of a test liquid containing a high
concentration sample and an immunological reagent, determining
an optimum dilution rate, and performing the dilution to conduct
the measurement. Also, measurement of a high concentration
gsample that has been difficult heretofore can be performed
rapidly and more accurately without a burden on the measuring
person, and also change in symptom of the patient can be easily
observed and diagnosed. For example, a sample from a serious
patient sometimes has high concentration, and is accompanied
by adilution operation every time in the follow-up observation,

so that there has been a drawback in rapidity and accuracy.
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However, the present means enables more simple and more rapid
grasping. Also, the analysis device of the present invention
becomes an analysis device capable of more simple and more rapid
measurement and analysis by automating the whole or part of the
means up to the diluting means.

[0074]

In addition, in the dilution device of the present
invention, the function may be enabled by connecting the means
(C) that dilutes to the analysis device that can include the
means (B) that determines a high concentration region for the
test liquid. Preferably, the means that dilutes may be part
of the analysis device, and preferably by automating the whole
or part up to the diluting means as one unit with the analysis
device, still more simple and more rapid measurement becomes
possible.

[0075]

Also, an analysis device of the present invention is an
analysis device for a test liquid containing an
agglutination-based immunological reagent and a component to
be analyzed, the device including:

means (A) that detects a prozone during measurement of
the component to be analyzed; and

means (D) that outputs a concentration of the component
to be analyzed based on an absorbance variation or the like in

a reaction course of the component to be analyzed without
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accompanied by dilution reexamination.
[0076]

When the analysis device of the present invention
includes the means (D) that outputs a concentration of the
component to be analyzed based on an absorbance variation or
the like in a reaction course of the component to ke analyzed
without accompanied by dilution reexamination, as described
above, the analysis device becomes an analysis device capable
of outputting a concentration without accompanied by dilution
reexamination even for a high concentration sample that can be
outside the measurement range as it 1s, by using an absorbance
variation or the like in a reaction course at the time of
measurement of a test liquid containing an immunoclogical
reagent and a sample. Also, the analysis device of the present
invention becomes an analysis device capable of more simple and
more rapid measurement and analysis by automating the whole or
part of the means.

[0077]

The analysis device of the present invention may include
the means (D) that outputs a concentration of the component to
be analyzed using a time at which a threshold is exceeded in
place of the absorbance variation or the like in the reaction
course.

[0078]

Also, the analysis device of the present invention may
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include the means (D) that conducts nonlinear fitting for
absorbance variation or the like (y) and reaction time (x) in
the reaction course, extracts a parameter, and outputs a
concentration of the component to be analyzed.

[0079]

Also, the analysis device of the present invention may
include the means (D) that outputs a concentration of the .
component to be analyzed, wherein the nonlinear fitting uses
a cumulative distribution function, or a function obtained by
adding one or both of a constant of proportionality and a
constant term to a cumulative distribution function.

[0080]

Also, the analysis device of the present invention may
include the means (D) that outputs a concentration of the
component to be analyzed using a mode of a probability density
function obtained by differentiating the cumulative
distribution function as a parameter.

[0081]

Algo, the analysis device of the present invention may
include the means (D) that outputs a concentration of the
component to be analyzed, wherein the cumulative distribution
function uses any one of normal distribution, exponential
distribution, binomial distribution, logistic distribution,
and gamma distribution.

[oco82]

35



As the above function, those described below can be
appropriately used.
[Mathematical formula 1]

Normal distribution

1 —
glx,u,0) = E(l +erf (f/r":))

[Mathematical formula 2]
Exponential distribution
gle, ) =1—e
[Mathematical formula 3]

Gamma distribution

r(k,x/8)
g(x,k,0) = ————
ITk)
[Mathematical formula 4]
Logistic distribution
1

gx,pu,s) = T4 oG

[Mathematical formula 5]
Function group used for fitting
y =f(x) =g&)
y =f(x) =E-g(x)
y=fx)=gx +F
y =f(x) =E-g(x)+F
[0083]

On the other hand, an analysis method of the present
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invention is an analysis method for a test liguid containing
an agglutination-based immunoclogical reagent and a component
to be analyzed, the method including:

a step (a) that detects a prozone during measurement of
the component to be analyzed; and

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test liquid.
[0084]

Since the analysis method of the present invention
includes the step (a) that detects a prozone during measurement
of the component to be analyzed; and the step (b) that determines
a high concentration region by automatically determining a
dilution rate of the test liquid, as described above, the
analysis method of the present invention becomes an analysis
method capable of predicting a concentration even for a high
concentration sample that can be outgside the measurement range
as it is, by using an absorbance variation or the like in a
reaction course even at the time of measurement of a test liquid
containing a high concentration sample and an immunological
reagent, and determining an optimum dilution rate, and thus
conducting a measurement. The analysis method of the present
invention becomes an analysis method capable of more simple and
more rapid measurement and analysis by automating the whole or
part of the steps.

[0085]
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The step (a) that detects a prozone during measurement
of the component to be analyzed can be, for example, a step that
calculates the initial reaction velocity V1 and determinés by
using a threshold that is set in advance. By the step that
determines based on the velocity in the initial stage after
starting of the measurement, a prozone can be detected even in
the initial stage of reaction. For example, in a measurement
flow in which the measurement time of one sample is 10 minutes
or 15 minutes, it becomes possible to detect a prozone at around
1 minute after starting of the reaction.

[0086]

Also, in the analysis method of the present invention,
the step (a) that detects a prozone may be a detection step using
an absorbance variation or the like in a reaction course of the
component to be analyzed.

[0087]

Also, in the analysis method of the present invention,
the detection step may be a detection step that detects a prozone
by referring to change in absorbance in a reaction course of
the calibration sample for the component to be analyzed that
ismeasured in advance. Inthe calibration process, by starting
reaction between a calibration sample having a definite
concentration or the like, and an immunological reagent,
measuring until the reaction ends, to prepare a calibration

curve of an absorbance variation or the like, and calculating
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the reaction velocity Vlgqa, it is possible to obtain a threshold
with higher accuracy as a threshold in the prozone determination,
in comparison with the upper limit initial reaction velocity
in the calibration sample. Also, for different lots of the

immunological reagent, a more appropriate, common threshold can
be set as the threshold. This is effective for compensation
of an error between different lots.

[0088]

The step (b) that determines a high concentration region
by automatically determining a dilution rate of the test liquid
can be, for example, a step that calculates the reaction
velocity ratios R and Rgq, and determines the degree of high
concentration according to the calculated value (high
concentration determination). By the step (b) that conducts
high concentration determination, more simple and more rapid
measurement and analysis become possible even for a component
to be analyzed for which re-measurement and dilution have been
repeated relying on intuition or by repetitive trial and error
until the sample falls within the measurable range heretofore.
[0089]

Also, in the analysis method of the present invention,
the step (b) that determines a high concentration region may
be a determination step that determines a dilution rate of the
test liquid by using an absorbance variation or the like in a

reaction course of the component to be analyzed. As shown in
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Figs. 3, 7, for example, one exemplary step conducts 10-fold
dilution when R 2 Rd, and conducts 100-fold dilution when R <
Rd, assuming that reaction velocity ratio R (= V2/V1 (A2/Al))
of reaction velocity V2 between reaction times t. and tg (A2
in Fig. 7) to initial reaction velocity V1 between reaction
times t, and tp (Al in Fig. 7) is defined as a formula shown
in Fig. 3, and a threshold (Rd) is set. The dilution
concentration and the number of the branched flow after
determination are not limited to the above, and for example,
they can be appropriately set depending on the component to be
analyzed, the immunological reagent, the reaction behavior and
the 1like. For example, the dilution rate canke 2-fold, 3-fold,
5-fold 7-fold, 10-fold, 20-fold, 30-fold, 50-fold, 100-fold and
so on, and the number of stages of the branched flow in the high
concentration determination can be multiple besides two.
[0020]

The reaction time t, to tp can be, for example, 0 to 30%
and may be 0 to 5%, 5 to 10%, 10 to 15%, 15 to 20% and so on
from the start when the total reaction time is 100%. For example,
when the measurement time of the sample is 10 minutes, the
reaction time canbe 0 to 3 minutes, 0 to 1 minute, 1 to 2 minutes,
2 to 3 minutes and so on from starting of the measurement.
[0091]

The reaction time t¢ to tg can be, for example, 10 to 40%

and may be 10 to 15%, 15 to 20%, 20 to 25%, 25 to 30% and so
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on from the start when the total reaction time is 100%. For
example, when the measurement time of the sample is 10 minutes,
the reaction time can be 1 to 4 minutes, 1 to 2 minutes, 2 to
3 minutes, 3 to 4 minutes and so on from starting of the
measurement. Although the reaction times t,, ty and the
reaction times t., tq may be overlapped in one section, it is
to be noted that t, temporally precedes t..

[0092]

Also, in the analysis method of the present invention,
the determination step may be a determination step that
determines a dilution rate of the test liquid by referring to
change in absorbance in a reaction course of the calibration
sample for the component to be analyzed that is measured in
advance. As shown in Figs. 3, 8, for example, one exemplary
step conducts 10-fold dilution when (R/Rgeq) = Rf, and conducts
100-fold dilution when (R/Rseq) < Rf assuming that a threshold
(Rf) is set based on the relative reaction velocity ratio R/Rgta
as shown in the formula shown in Fig 3 using the reaction velocity
ratio R (= V2/V1l) of the reaction velocity V2 between the
reaction times t. and tgq to the reaction velocity V1 between
the reaction times ty and tp, and the reaction velocity ratio
Reta (= V24ta/Vlsea) in the calibration sample. Inthe calibration
process, by starting reaction between a calibration sample
having a definite concentration or the like, and an

immunological reagent, measuring until the reaction ends, to

41



prepare a calibration curve of an absorbance variation or the
like, calculating the reaction velocity ratio Retq, and using
the relative reaction velocity ratio R/Rgqgq, it is possible to
obtain a threshold with higher accuracy as a threshold (Rf) in
the high concentration determination, in comparison with the
upper limit reaction velocity ratio in the calibration sample.
Also, for different lots of the immunological reagent, a more
appropriate, common threshold can be set as the threshold. This
is effective for compensation of an error between different
lots.

[0093]

Also, in the analysis method of the present invention,
the analysis method can further include a step (c) that dilutes
the test liquid at the dilution rate determined by the step (b)
that determines a high concentration region. The step (¢) that
dilutes can be, for example, a step that adds a solvent of the
test liquid to the sample to be subjected to dilution
reexamination so that the test liquid is diluted at the dilution
rate. When the analysis method includes the step (c) that
dilutes the test liquid at the dilution rate determined by the
step (b) that determines a high concentration region, the
analysig method becomes an analysis method capable of
predicting a concentration even for a high concentration sample
that can be outside the measurement range as it is, by using

an absorbance variation or the like in a reaction course even
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at the time of measurement of a test liquid containing a high
concentration sample and an immunclogical reagent, determining
an optimum dilution rate, and performing the dilution to conduct
the measurement. Also, measurement of a high concentration
sample that has been difficult heretofore can be performed

rapidly and more accurately without a burden on the measuring
person, and also change in symptom of the patient can be easily
observed and diagnosed. For example, a sample from a serious
patient sometimes has high concentration, and is accompanied
by adilution operation every time in the follow-up observation,
so that there has been a drawback in rapidity and accuracy.
However, the present means enables more simple and more rapid
grasping.

[0094]

In addition, in the dilution method of diluting according
to the present invention, the function may be enabled by
independently conducting the step of determining the test
liquid by the step (b) that determines a high concentration
region, and connecting the step (¢) that dilutes. Preferably,
by automating the whole or part integrally with the step (b)
that determines a high concentration region, still more simple
and more rapid measurement becomes possible.

[0095]
Also, an analysis method of the present invention is an

analysis method for a test liquid containing an
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agglutination-based immunological reagent and a component to
be analyzed, the method including:

a step (a) that detects a prozone during measurement of
the component to be analyzed; and

a step (d) that outputs a concentration of the component
to be analyzed based on an absorbance variation or the like in
a reaction course of the component to be analyzed without
accompanied by dilution reexamination.

[0096]

When the analysis method of the present invention
includes the step (d) that outputs a concentration of the
component to be analyzed based on an absorbance variation or
the like in a reaction course of the component to be analyzed
without accompanied by dilution reexamination, as described
above, the analysis method becomes an analysis method capable
of outputting a concentration without accompanied by dilution
reexamination even for a high concentration sample that can be
outside the measurement range as it is, by using an absorbance
variation or the like in a reaction course at the time of
measurement of a test liquid containing an immunological
reagent and a sample. The analysis method of the present
invention becomes an analysis method capable of more simple and
more rapid measurement and analysis by automating the whole or
part of the steps.

[0097]
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Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed using a time at which a threshold is
exceeded in place of the absorbance variation or the like in
the reaction course.

[0098]

Also, the analysis method of the present invention may
include the step (d) that conducts nonlinear fitting for
absorbance variation or the like (y) and reaction time (x) in
the reaction course, extracts a parameter, and outputs a
concentration of the component to be analyzed.

[0099]

Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed, wherein the nonlinear fitting uses
a cumulative distribution function, or a function obtained by
adding one or both of a constant of proportionality and a
constant term to a cumulative distribution function.

[0100]

Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed using a mode of a probability density
function obtained by differentiating the cumulative
distribution function as a parameter.

[0101]
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Also, the analysis method of the present invention may
include the step (d) that outputs a concentration of the
component to be analyzed, wherein the cumulative distribution
function uses any one of normal distribution, exponential
distribution, binomial distribution, logistic distribution,
and gamma distribution.

[0102]

As the above function, those described below can be
appropriately used.
[Mathematical formula 6]

Normal distribution

1 —
glx,p,0) = 5(1 +erf (3%))

[Mathematical formula 7]
Exponential distribution
gx,)=1—e*
[Mathematical formula 8]

Gamma distribution

r(k,x/0)
gk, 0) = ——"—
I0)
[Mathematical formula 9]
Logistic distribution
1

g(x,u,s) =m
[Mathematical formula 10]
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Function group used for fitting
y =fx) =gx)
y = f(x) = E-g(x)
y=1fx) =g +F
y=f(x) =E-g(x)+F
[0103]

On the other hand, a dilution device of the present
invention ig a dilution device for a test liguid containing an
agglutination-based immunological reagent and a component to
be analyzed, the device including:

means (A) that detects a prozone during measurement of
the component to be analyzed;

means (B) that determines a high concentration region by
automatically determining a dilution rate of the test liquid;
and

means (C) that dilutes the test liquid at the dilution
rate determined by the means (B) that determines a high
concentration region.

[0104]

Since the dilution device of the present invention
includes the means (A) that detects a prozone during measurement
of the component to be analyzed; the means (B) that determines
a high concentration region by automatically determining a
dilution rate of the test liquid; and the means (C) that dilutes

the test liquid at the dilution rate determined by the means
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(B) that determines a high concentration region, as described
above, the dilution device of the present invention becomes a
dilution device capable of predicting a concentration even for
a high concentration sample that can be outside the measurement
range as it is, by using an absorbance variation or the like
in a reaction course at the time of measurement of a test liquid
containing an immunological reagent and a sample, and
determining an optimum dilution rate, and thus conducting the
dilution. The analysis device of the present invention becomes
an analysis device capable of more simple and more rapid
measurement and analysis by automating the whole or part of the
means. For the respective configurations of the means (A), (B)
and (C), and reagents and the like, means that are same as those
described above can be appropriately used.

[0105]

Also, a dilution method of the present invention is a
dilution method for a test liquid containing an
agglutination-based immunological reagent and a component to
be analyzed, the metheod including:

a step (a) that detects a prozone during measurement of
the component to be analyzed;

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test liquid;
and

a step (c) that dilutes the test liquid at the dilution
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rate determined by the step (b) that determines a high
concentration regiomn.
[0106]

Since the dilution method of the present invention
includes the step (a) that detects a prozone during measurement
of the component to be analyzed; the step (b) that determines
a high concentration region by automatically determining a
dilution rate of the test liquid; and the step (c) that dilutes
the test liquid at the dilution rate determined by the step (b)
that determines a high concentration region, as described above,
the dilution method is capable of predicting a concentration
even for a high concentration sample that can be outside the
measurement range as it is, by using an absorbance variation
or the like in a reaction course at the time of measurement of
a test liquid containing an immunological reagent and a sample,
and determining an optimum dilution rate, and thus conducting
the dilution. The analysis method of the present invention
becomes an analysis method capable of more simple and more rapid
measurement and analysisg by automating the whole or part of the
steps. As the respective configurations of the steps (a), (b)
and (c), and reagents and the like, steps that are same as those
described above can be appropriately used.

[0107]
Further, an immunclogical reagent of the present

invention is an immunological reagent for use in the analysis
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device and the analysis method, and in the dilution device and
the dilution method, the immunological reagent being designed
to have an upper limit concentration that is measurable without
dilution of 0.5 times to 1 time a concentration where a prozone
occurs in the means (B) or the step (b) that determines a high
concentration region.

[0108]

By configuring the immunological reagent of the present
invention as described above, it is possible to make the
analysis device and the analysis method, and the dilution device
and the dilution method more simple and more rapid.

[0109]

While the immunological reagent of the present invention
is an immunological reagent that is designed to have an upper
limit concentration that is measurable without dilution of 0.5
times to 1 time a concentration where a prozone occurs, the
immunological reagent of the present invention may be an
immunological reagent that is designed to have the
concentration of 0.6 times to 0.9 times, an immunoclogical
reagent that is designed to have the concentration of 0.8 times
to 1 time, or an immunclogical reagent that is designed to have
the concentration of 0.5 times to 0.8 times.

[0110]
The agglutination-based immunological reagent in the

present invention refers to an immunclogical reagent for which
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an absorbance, a transmissivity or the like at a specific
wavelength can be measured by an absorptiometer, and any
immunological reagent that causes an antigen-antibody reaction
with the component to be analyzed can be appropriately used.
Examples of the immunological reagent include a colloidal gold
reagent, a latex reagent, a metallic particle reagent, a silica
particle reagent, and an immunonephelometric reagent. Among
these, a colloidal gold reagent or a latex reagent is preferred.
[0111]

Also, as the component to be analyzed in the present
invention, any components that can be measured and analyzed by
the agglutination-based immunological reagent can be used
without particular limitation. The component to be analyzed
may include a tissue-derived component. Examples of the
component to be analyzed include calprotectin, lactoferin,
hemoglobin, transferrin, immunoglobulin, C-reactive protein,
albumin, macrcalbumin, ferritin, o fetoprotein, cystatin C,
human chorionic gonadotropin, luteinizing hormone, folicle
stimulating hormone, and prostate-specific antigen. Among
these, calprotectin, lactoferin, hemoglobin, or transferrinis
preferred because it can be suitably measured and analyzed. By
using the analysis device and the analysis method of the present
invention, it becomes possible to conduct quantitative
measurement and analysis simply and rapidly even for a component

to be analyzed for which rapid and accurate quantification have
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been conventionally difficult because such a component is mixed
in wide concentration distribution in many samples.
[0112]

Also, in the present invention, a test liquid containing
an agglutination-based immunological reagent and a component
to be analyzed is used, and the test liquid may appropriately
contain, besides the immunological reagent and the component
to be analyzed, a solvent, an additive and the like required
for preparation of the test liquid unless the operation and
effect of the present invention is hindered. Examples of the
solvent include water, alcohol, saline, a diluent, and a buffer.
Examples of the additive include acid, base, a pH regulator,
an inorganic salt, saccharides, amino acids, a chelating agent,
a surfactant, a stabilizer, a dispersant, and a pigment.
Examples of the test ligquid containing a tissue-derived
component include liquids containing human or animal blood,
bone marrow and the like, fecal suspensions in which human or
animal feces are dispersed, human or animal urine for
examination or pooled urine, saliva, pituita, and mucosal wipe.
[0113]

Also, in the analysis device and the analysis method, and
the dilution device and the dilution method of the present
invention, as respective configurations of other means, steps

and the like, those known in the art can be appropriately used.
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EXAMPLES
[0114]

Hereinafter, examples and the like that specifically show
the configuration and the effect of the present invention will
be described. The evaluation items in examples and the like
were measured in the following manner.

[0115]
<Preparation of measurement reagent>

A fecal calprotectin colloidal gold measurement reagent
was composed of two liquid reagents: R1 buffer and R2 colloidal
gold reaction liquid described below.

[0116]
* R1 buffer

To 100 mM HEPES buffer containing 3% sodium chloride,
0.05% surfactant and so on, polyethylene glycol 20000 was added
to give an R1 buffer.

[0117]
* R2 colloidal gold reaction liquid

An anti-human calprotectin mouse monoclonal antibody was
diluted with 10 mM HEPES (pH 7.1) buffer containing 0.05% sodium
azide to prepare a solution having a concentration of 50 pg/mL.
To 1 L of a colloidal gold solution, 100 mL of this solution
was added, and stirred for 2 hours in a refrigerated condition.
Next, 110 mL of 10 mM HEPES (pH 7.1) buffer containing 0.5% BSA

was added, and stirred at 37°C for 90 minutes. The resultant
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solution was centrifuged at 12000 G for 40 minutes, and the
supernatant was removed, and then 1 L of 10 mM HEPES (pH 7.5)
buffer containing 0.1% BSA was added to disperse an
antibody-sensitized colloidal gold, and then centrifuged again
at 12000 G for 40 minutes, and the supernatant was removed, and
an antibody-bound colloidal gold was dispersed with 10 mM HEPES
(pH 7.5) buffer containing 0.1% BSA to have a total volume of
160 mL, and thus an anti-calprotectin antibody-bound colloidal
gold reagent was prepared. The antibody-bound colloidal gold
reagent was diluted with a buffer containing a stabilizer or
the like so that the absorbance at 540 nm was 10, to give an
R2 colloidal gold reaction liquid.
[0118]
<Preparation of sample>

Calprotectin derived from human leukocyte was added to
a fecal solution, to give a high concentration calprotectin
sample. The high concentration calprotectin sample was
diluted with the fecal solution in 1, 0.8, 0.6, 0.4, 0.2, 0.1,
0.08, 0.06, 0.04, 0.02, 0.01, 0.008, 0.006, 0.004, and 0.002
folds to give samples.
[0119]
<Meagurement of absorbancex

Measurement of absorbance was conducted using Automated
Analyzer Hemotect NS-Prime (available from OTSUKA ELECTRONICS

Co., LTD). More specifically, a sample, the R1 buffer, and the
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R2 reaction liquid were added in a liquid quantity ratio of 1 :
14 : 5, and reacted at 37°C, and the absorbance during the
reaction was measured with light of two wavelengths: 540 nm as
a dominant wavelength (maximum absorption wavelength of
colloidal metal particles that decreases with the reaction) and
660 nm as a reference wavelength (absorption wavelength of
colloidal metal particles that increases with the reaction),
and difference between the absorbances measured with the light
of two wavelengths was indicated as a difference in absorbance
in each chart.

[0120]

[Example 1-1]

Results concerning prozone detection are shown.

For samples diluted in 0.002 to 1-fold, using four kinds
of fecal calprotectin colloidal metal measuring reagents LotA,
LotB, LotC, LotD having different component concentrations of
R1 as an example of reagents of different lots, the respective
absorbance variation, initial reaction velocity V1 and the like
were measured, and a range that can be measured as it is
(measurement range) and a prozone region were detected, and a
threshold in each reagent was calculated. The measurement time
of each sample was 6.8 minutes. Among the four kinds of
measurement reagents, LotD showed the prozone at the lowest
concentration, and the prozone was observed from 1300 U/mL. On

the other hand, LotA showed the prozone at the highest
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concentration among the four kinds of measurement reagents, and
the prozone was observed from 2180 U/mL (not shown). Using the
result obtained in LotD, as the prozone region, prozone
determination and comparison of the initial reaction velocity
V1 between different reagents were conducted as shown in Fig.
5.

[0121]

In this case, respective thresholds of LotA, LotB, LotC,
and LotD were distributed between 0 to 0.4 of the initial
reaction velocity V1 value on the vertical axis.

[0122]
[Example 1-2]

Results concerning prozone detection are shown.

As shown in Fig. 6, using the initial reaction velocity
Vlgeg ©f the calibration sample in addition to the result
obtained in Example 1-1, the relative initial reaction velocity
V1/Vlgeg was calculated. In the same manner as in Example 1-1,
prozone determination and comparison in relative initial
reaction velocity V1/Vlg between different reagents were
conducted. In this case, thresholds of LotA, LotB, LotC, and
LotD were obtained between 0.8 and 1.2 of the relative initial
reaction velocity V1/Vlgs value on the vertical axis. It was
found that a threshold regarding prozone determination needs
tobe individually set for each lot in Example 1-1, while a common

threshold can be used irrespective of lots in Example 1-2.
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[0123]
[Example 2]

Results concerning prozone detection and high
concentration determination using the measurement data in
Example 1-1 are shown. As shown in Fig. 7 and Table 1,using
LotA, LotB, LotC, and LotD, the reaction velocity ratio R (=
A2/A1) of the reaction velocity A2 in the reaction time between
1 and 2 minutes to the reaction velocity Al in the reaction time
between 0 and 1 minutes was calculated. High concentration
determination and comparison in reaction velocity ratio between
different reagents were conducted, and a measurement range that
is measurable as it is, a range that is measurable by 10-fold
dilution, and a range that is measurable by 100-fold dilution
were as shown in the drawings. While there was a lot-to-lot
difference in reaction velocity ratio, the range that is
measurable by 10-fold dilution and the range that is measurable
by 100-fold dilution were partly overlapped with each other,
and by setting the threshold (Rd) at 1.0, determination of an
appropriate dilution rate (high concentration determination)
could be made in all the lots.

[0124]

[Table 1]
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LOtA LotB LotC LotD

Rd=1.0
2120 337 2.46 1.94 128
1770 3.86 2.87 2.40 158
[0125]
[Example 3]

Results of conducting prozone detection and high
concentration determination are shown. As shown in Fig. 8 and
Table 2, a graph concerning the relative reaction velocity ratio
R/Rstq Wwas calculated using the reaction velocity ratio Rgeg Of
the calibration sample in addition to the result of Example 2.
Fig. 8 shows results of high concentration determination,
relative reaction velocity ratio of each reagent, and
comparison of a measurement range that is measurable as it is,
a range that is measurable by 10-fold dilution, and a range that
is measurable by 100-fold dilution. In comparison with Example
2, distribution of the relative reaction velocity ratio was less
likely to be influenced by lot-to-lot variation. Also, it was
found that successful division irrespective of lots is enabled
by setting the threshold (Rf) at 0.2. It was found that the
high concentration determination was more stable in Example 3

compared with Example 2 since Example 3 is less likely to be
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influenced by lot-to-lot variation.

[0126]
[Table 2]
LotA LotB LotC LotD
16900
13400
8150
4190 032 0.27 0.27 0.27
2120 0.65 0.54 0.55 0.52
1770 0.74 0.64 0.68 0.65
[0127]

[Examples 4 to 6]

As shown in Fig. 9, for immunological reagents suited for
high concentration determination, suitable sensitivity
conditions were tested. In addition to the result of Example
1, a reagent having extremely small sensitivity (Comparative
Example 1) was prepared, and measurement was conducted in the
same manner as in Examples 1 and 3. While the prozone was 4200
U/mL when the reagent of Comparative Example 1 was used, the
prozone was 2180 U/mL in Example 4 (reagent LotA in Example 1).
[0128]

As shown in Fig. 10, using two kinds of reagents (reagent
lots LotC, and LotD in Example 1) in addition to Example 4,
comparison of high concentration determination of the present

invention was made. More specifically, for four kinds of
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immunological reagents that are different in sensitivity as
shown in Fig. 10, a prozone occurring region and high
concentration determination {(relative reaction wvelocity
ratio) were compared, and the relative reaction velocity ratio
showed an extremely large value in Comparative Example 1. Also,
at this time, a lower limit of a prozone region of each
immunological reagent used was shown. In Examples 4 to 6, the
lower limit of the prozone region was close to (1 to 2 times)
the measurement range (1200), whereas in Comparative Example
1, the lower limit of the prozone region was remote (4 times)
from the measurement range. This result infers that the
sensitivity condition suited for an immunological reagent is
that the lower limit of the prozone region is about 1 to 2 times
the measurement range.

[0129]

[Example 7]

The following ig description of an analysis device or an
analysis method having the means (D) or the step (d) that outputs
a concentration of the component to be analyzed from the time
at which the threshold of the absorbance variation in a reaction
course ig exceeded. As shown in Fig. 11, the reaction time was
plotted on the horizontal axis, and the absorbance variation
was plotted on the vertical axis. The time at the intersection
between the preset threshold and the reaction curve was defined

as AT. Concentration of the component to be analyzed was
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outputted while taking the AT as a feature.
[0130]

Fig. 12 shows a result of measurement of calprotectin.
The reaction time was plotted on the horizontal axis, and the
absorbance variation was plotted on the vertical axis. When
the threshold was set at 0.1, the relation between AT and the
concentration was linear relation in the log-log plotting,
revealing that the concentration of the component to be analyzed
and AT have a relation of a power function (Y = aXP). By using
the high concentration calibration curve using this correlation,
it is possible to output the concentration of the object to be
analyzed without conducting dilution.
[0131]
[Example 8]

First, Fig. 13 illustrates an explanatory view concerning
a method for calculating an inflection point using a cumulative
distribution function of gamma distribution. The cumulative
distribution function and the probability density function have
a relation of differential and integral calculus. The
inflection point (maximum of differential wvalue) of the
cumulative distribution function is the mode of the probability
density function. The mode of the probability density function
can be mathematically calculated, and by fitting the reaction
course with the cumulative distribution function, it is

possible to easily acquire the inflection point regardless of
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the variation in measurement. In actual, there is no influence
on the inflection point even when a constant of proportionality
and a constant term are added to the cumulative distribution
function, and thus the group of fitting functions shown in Fig.
14 can be used as the fitting function.

[0132]

Figs. 15 to 17 show the results concerning outputting
means and step of the component to be analyzed at high
concentration in measurement of high concentration
calprotectin samples. The absorbance variation by a reaction
course was fitted with a function given by adding a constant
of proportionality and a constant term to the cumulative
distribution function of gamma (y) distribution. In the above
function, fitting could be successfully made at any
concentration (Fig. 15). Focusing on the inflection point
(maximum point of time derivative) as a parameter, the time
derivative of (absorbance variation) was plotted with respect
to the reaction time. The time derivative value showed a bell
shape, and the peak position shifted to the short time side as
the concentration increased (Fig. 16).

[0133]

Also, the relation between the sample concentration and
the inflection point was examined. As shown in Fig. 17, they
showed a linear relation when (inflection point)”-0.5 was

plotted on the vertical axis with respect to the concentration.
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It was also found that by using this correlation, the line can
be used ag a high concentration calibration curve that outputs
the concentration even in a region of about 20 times the
concentration upper limit (1200 U/mL) of outputting
concentration based on the absorbance variation after end of
the reaction. As a result, it is possible to output the
concentration of the component to be analyzed without
conducting dilution reexamination. Also, the time derivative
corresponds to the probability density function, and the peak
position is the mode of the probability density function in this
process. It was found that a calibration curve in a high
concentration region can be calculated more easily by using the
analysis device, the analysis method and the like of the present

invention.
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CLAIMS

1. An analysis device for a test liquid containing an
agglutination-based immunological reagent and a component
to be analyzed, the device comprising:

means (A) that detects a prozone during measurement of
the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance; and

means (B) that determines a high concentration region
by automatically determining a dilution rate of the test
liquid by calculating the reaction velocity ratios R and

Rstq during the measurement.

2. The analysis device according to claim 1, wherein
the means (A) that detects a prozone is detection means
using an absorbance measurement result in a reaction course

of the component to be analyzed.

3. The analysis device according to claim 2, wherein
the detection means 1is detection means that detects a
prozone by referring to an absorbance measurement result in
a reaction course of a calibration sample for the component

to be analyzed that is measured in advance.

4. The analysis device according to any one of claims
1 to 3, wherein the means (B) that determines a high
concentration region is determination means that determines
a dilution rate of the test liquid by using an absorbance
measurement result in a reaction course of the component to

be analyzed.
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5. The analysis device according to claim 4, wherein
the determination means 1is determination means that
determines a dilution rate of the test liquid by referring
to an absorbance measurement result in a reaction course of
a calibration sample for the component to be analyzed that

is measured in advance.

6. The analysis device according to any one of claims
1 to 5, further comprising means (C) that dilutes the test
liquid at the dilution rate determined by the means (B)
that determines a high concentration region during the

measurement.

7. The analysis device according to any one of claims
1 to 6, wherein the component to be analyzed includes a

tissue-derived component.

8. An analysis device for a test liquid containing an
agglutination-based immunological reagent and a component
to be analyzed, the device comprising:

means (A) that detects a prozone during measurement of
the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance; and

means (D) that outputs a concentration of the
component to be analyzed based on an absorbance measurement
result in a reaction course of the component to be analyzed

without accompanied by dilution reexamination.
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9. The analysis device according to «claim 8§,
comprising the means (D) that outputs a concentration of
the component to be analyzed using a time at which a
threshold is exceeded in place of the absorbance

measurement result in the reaction course.

10. The analysis device according to claim 8,
comprising the means (D) that conducts nonlinear fitting
for absorbance measurement result (y) and reaction time (x)
in the reaction course, extracts a parameter, and outputs a

concentration of the component to be analyzed.

11. The analysis device according to c¢laim 10,
comprising the means (D) that outputs a concentration of
the component to be analyzed,

wherein the nonlinear fitting wuses a cumulative
distribution function, or a function obtained by adding one
or both of a constant of proportionality and a constant

term to a cumulative distribution function.

12. The analysis device according to claim 11,
comprising the means (D) that outputs a concentration of
the component to be analyzed using a mode of a probability
density function obtained by differentiating the cumulative

distribution function as a parameter.

13. The analysis device according to claim 11,
comprising the means (D) that outputs a concentration of
the component to be analyzed,

wherein the cumulative distribution function uses any

one of normal distribution, exponential distribution,
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binomial distribution, logistic distribution, and gamma

distribution.
14. An analysis method for a test liquid containing
an agglutination-based immunological reagent and a

component to be analyzed, the method comprising:

a step (a) that detects a prozone during measurement
of the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance; and

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test
liquid by calculating the reaction velocity ratios R and

Rstq during the measurement.

15. The analysis method according to claim 14,
wherein in the step (a) that detects a prozone, a prozone
detection 1is conducted wusing an absorbance measurement

result in a reaction course of the component to be analyzed.

16. The analysis method according to claim 15,
wherein in the step (a) that detects a prozone, a prozone
is detected by referring to an absorbance measurement
result in a reaction course of a calibration sample for the

component to be analyzed that is measured in advance.

17. The analysis method according to any one of
claims 14 to 16, wherein in the step (b) that determines a
high concentration region, a dilution rate of the test
liquid is determined by using an absorbance measurement

result in a reaction course of the component to be analyzed.
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18. The analysis method according to claim 17,
wherein in the step (b) that determines a high
concentration region, a dilution rate of the test liquid is
determined by referring to an absorbance measurement result
in a reaction course of a calibration sample for the

component to be analyzed that is measured in advance.

19. The analysis method according to any one of
claims 14 to 18, further comprising a step (c) that dilutes
the test liquid at the dilution rate determined by the step
(b) that determines a high concentration region during the

measurement.

20. The analysis method according to any one of
claims 14 to 19, wherein the component to be analyzed

includes a tissue-derived component.

21. An analysis method for a test liquid containing
an agglutination-based immunological reagent and a
component to be analyzed, the method comprising:

a step (a) that detects a prozone during measurement
of the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance; and

a step (d) that outputs a concentration of the
component to be analyzed based on an absorbance measurement
result in a reaction course of the component to be analyzed

without accompanied by dilution reexamination.
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22. The analysis method according to claim 21,
comprising the step (d) that outputs a concentration of the
component to be analyzed using a time at which a threshold
is exceeded in place of the absorbance measurement result

in the reaction course.

23. The analysis method according to claim 21,
comprising the step (d) that conducts nonlinear fitting for
absorbance measurement result (y) and reaction time (x) in
the reaction course, extracts a parameter, and outputs a

concentration of the component to be analyzed.

24. The analysis method according to claim 23,
comprising the step (d) that outputs a concentration of the
component to be analyzed,

wherein the nonlinear fitting wuses a cumulative
distribution function, or a function obtained by adding one
or both of a constant of proportionality and a constant

term to a cumulative distribution function.

25. The analysis method according to claim 24,
comprising the step (d) that outputs a concentration of the
component to be analyzed using a mode of a probability
density function obtained by differentiating the cumulative

distribution function as a parameter.

26. The analysis method according to claim 24,
comprising the step (d) that outputs a concentration of the
component to be analyzed,

wherein the cumulative distribution function uses any

one of normal distribution, exponential distribution,
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binomial distribution, logistic distribution, and gamma

distribution.

27. A dilution device for a test liquid containing an
agglutination-based immunological reagent and a component
to be analyzed, the device comprising:

means (A) that detects a prozone during measurement of
the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance;

means (B) that determines a high concentration region
by automatically determining a dilution rate of the test
liquid by calculating the reaction velocity ratios R and
Rstqa during the measurement; and

means (C) that dilutes the test liquid at the dilution
rate determined by the means (B) that determines a high

concentration region.

28. A dilution method for a test liquid containing an
agglutination-based immunological reagent and a component
to be analyzed, the method comprising:

a step (a) that detects a prozone during measurement
of the component to be analyzed by calculating the initial
reaction velocity V1 and Vlstg and determining by using a
threshold that is set in advance;

a step (b) that determines a high concentration region
by automatically determining a dilution rate of the test
liquid by calculating the reaction velocity ratios R and

Rstq during the measurement; and
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a step (c) that dilutes the test 1liquid at the
dilution rate determined by the step (b) that determines a

high concentration region.

29. The analysis device according to any one of
claims 1 to 13, wherein during the measurement means the
period between the start of the reaction between the
component to be analyzed and the immunological reagent and

the end of the reaction.

30. The analysis method according to any one of
claims 14 to 26, wherein during the measurement means the
period between the start of the reaction between the
component to be analyzed and the immunological reagent and

the end of the reaction.
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