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7) ABSTRACT

An immunoassay apparatus is described that includes a
measuring sample preparing section for preparing a mea-
suring sample by mixing a specimen with carrier particles on
which an antibody or an antigen against an analyte is
immobilized, a detector for detecting internal information
and size information from particles contained in the mea-
suring sample and a controller for identifying the carrier
particles on the basis of the obtained internal information
and for calculating a degree of aggregation of the identified
carrier particles on the basis of the obtained size informa-
tion.

An immunoassay method is also described.
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IMMUNOASSAY APPARATUS AND
IMMUNOASSAY METHOD

[0001] This application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2004-002390 filed
Jan. 7, 2004, the entire content of which is hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an immunoassay
apparatus and an immunoassay method, and more particu-
larly to an apparatus and a method for detecting and ana-
lyzing an analyte contained in a specimen such as blood or
urine by immunological aggregation reaction using carrier
particles.

[0004]

[0005] Immunoassay methods of detecting an analyte con-
tained in a specimen such as blood using antigen-antibody
reaction are widely used in the field of clinical tests. The
particle aggregation method is one of such immunoassay
methods. The particle aggregation method is a method of
detecting an analyte by using antigen-antibody reaction, and
uses carrier particles on which an antibody or an antigen
against the analyte is immobilized. In the particle aggrega-
tion method, a specimen is mixed with carrier particles on
which an antibody or an antigen is immobilized so as to
generate aggregation of the carrier particles by antigen-
antibody reaction, and the analyte contained in the specimen
is detected by measuring the aggregation.

2. Description of the Related Art

[0006] Generally, the specimen used in the above-de-
scribed particle aggregation method is serum or plasma. This
is because spurious particles such as blood cell components
such as erythrocytes and platelets that are present in blood,
fragments of the blood cell components such as fractured
erythrocytes and fractured platelets, and fat particles give
influence on the detection of carrier particle aggregation. For
this reason, the blood obtained from a person to be tested
must pass through work such as centrifugation so as to
prepare serum or plasma from the whole blood.

[0007] However, when serum and plasma are used as a
specimen, spurious particles having a comparatively small
size such as fat particles contained in whole blood some-
times cannot be completely removed even through the work
such as centrifugation. In such a case, spurious particles
remaining in the serum and plasma may possibly affect the
detection of aggregation. Also, when one wishes to obtain
measurement results quickly such as in the case of emer-
gency test, a measurement method is desired that uses whole
blood as a specimen and eliminates the need for preparation
of serum and plasma which is cumbersome and time con-
suming.

[0008] As an immunoassay method by the particle aggre-
gation method that can make an accurate measurement even
with the use of a specimen containing spurious particles, an
immunoassay method using a technique disclosed in U.S.
Pat. No. 5,527,714 is known. The aforementioned United
States Patent discloses a particle size distribution preparing
method of inferring the particle size distribution of spurious
particles in a counting immunoassay (CIA) using carrier
particles, and making a correction by subtracting the inferred
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particle size distribution of the spurious particles from the
particle size distribution containing the carrier particles and
the spurious particles.

[0009] In a CIA using carrier particles, first a specimen
containing an analyte is mixed with carrier particles on
which an antibody or an antigen against the analyte is
immobilized, so as to let the carrier particles aggregate by
antigen-antibody reaction. Then, the aggregation is optically
detected to obtain a particle size distribution of the carrier
particles, and the degree of aggregation of the carrier par-
ticles is analyzed from the particle size distribution to
examine the concentration of the analyte. However, by this
method, if spurious particles are present in the specimen, the
distribution of the spurious particles appears in the particle
size distribution diagram of the carrier particles. Therefore,
by using a particle size distribution preparing method such
as disclosed 1n the aforementioned United States Patent, the
influence of the spurious particles can be removed. This
particle size distribution preparing method infers the particle
size distribution of the spurious particles by interpolation
with a spline function, and makes a correction by subtracting
the inferred particle size distribution of the spurious particles
from the particle size distribution containing the carrier
particles and the spurious particles. By this correction, one
can obtain the particle size distribution diagram of the
carrier particles from which the influence of the spurious
particles is removed. Thus, a measurement result having a
clinically sufficiently high precision can be obtained even in
the case of using a specimen containing spurious particles.

[0010] However, in the field of research and others, a
measurement result having a higher precision is sometimes
required.

SUMMARY OF THE INVENTION

[0011] The present invention solves the aforementioned
problems, and provides immunoassay apparatus and method
that can yield a measurement result having a higher preci-
sion than in the prior art.

[0012] A first aspect of the present invention relates to an
Immunoassay apparatus comprising; (a) a measuring sample
preparing section for preparing a measuring sample by
mixing a specimen with carrier particles on which an
antibody or an antigen against an analyte is immobilized; (b)
a detector for detecting internal information and size infor-
mation from particles contained in the measuring sample;
and (c) a controller for identifying the carrier particles on the
basis of the obtained internal information and for calculating
a degree of aggregation of the identified carrier particles on
the basis of the obtained size information.

[0013] A second aspect of the present invention relates to
an immunoassay apparatus comprising: (a) a measuring
sample preparing section for preparing a measuring sample
by mixing a specimen with carrier particles on which an
antibody or an antigen against an analyte is immobilized; (b)
a detector for detecting side scattered light and forward
scattered light from particles contained in the measuring
sample; and (c) a controller for identifying the carrier
particles on the basis of the detected side scattered light and
for calculating a degree of aggregation of the identified
carrier particles on the basis of the detected forward scat-
tered light.
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[0014] A third aspect of the present invention relates to a
method of identifying carrier particles in an immunoassay,
comprising the steps of: (a) preparing a measuring sample
by mixing a specimen with carrier particles on which an
antibody or an antigen against an analyte is immobilized; (b)
detecting internal information from particles contained in
the prepared measuring sample; and (c) identifying the
carrier particles on the basis of the obtained internal infor-
mation.

[0015] A fourth aspect of the present invention relates to
a immunoassay method comprising the steps of: (a) prepar-
ing an measuring sample by mixing a specimen with carrier
particles on which an antibody or an antigen against an
analyte is immobilized; (b) detecting internal information
and size information from particles contained in the mea-
suring sample; (c) identifying the carrier particles on the
basis of the obtained internal information; and (d) calculat-
ing a degree of aggregation of the carrier particles identified
by said step (c) on the basis of the obtained size information.

[0016] A fifth aspect of the present invention relates to a
immunoassay method comprising the steps of: (a) preparing
a measuring sample by mixing a specimen with carrier
particles on which an antibody or an antigen against an
analyte is immobilized; (b) detecting side scattered light and
forward scattered light from particles contained in the mea-
suring sample; (c) identifying the carrier particles on the
basis of the detected side scattered light; and (d) calculating
a degree of aggregation of the carrier particles identified by
said step (c) on the basis of the detected forward scattered
light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a view describing an outlook of an
immunoassay apparatus according to one embodiment of the
present invention;

[0018] FIG. 2 is a view describing an inner configuration
of an immunoassay apparatus according to one embodiment
of the present invention,

[0019] FIG. 3 is a view describing a measuring sample
preparing section of an immunoassay apparatus according to
one embodiment of the present invention;

[0020] FIG. 4 is a view describing a measuring section of
an immunoassay apparatus according to one embodiment of
the present invention;

[0021] FIG. 5is a view describing a sheath flow cell part
of an immunoassay apparatus according to one embodiment
of the present invention,

[0022] FIG. 6 is a view describing a relationship between
a controlling section and each apparatus part of an immu-
noassay apparatus according to one embodiment of the
present invention;

[0023] FIG. 7 is a view describing a flow of overall
control in an immunoassay apparatus according to one
embodiment of the present invention;

[0024] FIG. 8 is a view describing a flow of an analyzing
process according to one embodiment of the present inven-
tion;

[0025] FIG. 9 is a model view illustrating one example of
a two-dimensional scattergram prepared by an immunoassay
apparatus according to one embodiment of the present
invention;
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[0026] FIG. 10A is a model view illustrating one example
of a histogram prepared by an immunoassay apparatus
according to one embodiment of the present invention;

[0027] FIG. 10B is a model view illustrating one example
of a histogram prepared by an immunoassay apparatus
according to one embodiment of the present invention;

[0028] FIG. 11 is a view illustrating one example of a
two-dimensional scattergram prepared by an immunoassay
apparatus according to one embodiment of the present
invention;

[0029] FIG. 12 is a view illustrating one example of a
two-dimensional scattergram prepared by an immunoassay
apparatus according to one embodiment of the present
invention;

[0030] FIG. 13A is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention;

[0031] FIG. 13B is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention;

[0032] FIG. 14A is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention;

[0033] FIG. 14B is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention;

[0034] FIG.15is a view describing a flow of an analyzing
process in an immunoassay apparatus according to another
embodiment of the present invention;

[0035] FIG.16is a view describing a flow of an analyzing
process in an immunoassay apparatus according to another
embodiment of the present invention;

[0036] FIG. 17A is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention;

[0037] FIG. 17B is a view illustrating one example of a
histogram prepared by an immunoassay apparatus according
to one embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Hereafter, an immunoassay apparatus according to
one embodiment of the present invention will be described
with reference to the attached drawings. First, the immu-
noassay apparatus prepares a measuring sample by mixing a
specimen, a carrier particle suspension, and a reaction buffer
solution. Then, from each particle in the prepared measuring
sample, the “internal information of the particle” and the
“size information of the particle” are detected so that the
carrier particles are differentiated from the spurious particles
on the basis of each detected information, and further the
degree of aggregation of the carrier particles is calculated.

[0039] Here, the carrier particle suspension is a suspension
obtained by suspending carrier particles, on which an anti-
body or an antigen against an analyte is immobilized, into a
suitable liquid such as water or a buffer solution. When an
analyte is present in a specimen, aggregation of carrier
particles occurs by antigen-antibody reaction when a carrier
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particle suspension is added to the specimen. Here, the
carrier particles may be those that are generally used in the
particle aggregation method, such as latex particles, metal
particles, and dendrimers. Further, regarding the antibody or
antigen that immobilized on the carrier particles, when the
analyte is an antibody, an antigen that undergoes an antigen-
antibody reaction specifically with the antibody is used,
whereas when the analyte is an antigen, an antibody that
undergoes an antigen-antibody reaction specifically with the
antigen is used. For example, if the measurement item is a
carcinoembryonic antigen (CEA antigen), an anti-CEA anti-
body is immobilized on the carrier particles.

[0040] The reaction buffer solution is added together with
the carrier particle suspension to the specimen so as to
provide an environment that generates the antigen-antibody
reaction.

[0041] Further, the “internal information of the particle”
(hereinafter referred to as internal information) may be, for
example, the “density within the particle” (hereinafter
referred to as density). The density of the carrier particles is
larger than the density of the spurious particles such as
erythrocytes, platelets, and fat particles contained in the
specimen. Therefore, by detecting the information that
reflects the density of the carrier particles and the density of
the spurious particles, the carrier particles can be differen-
tiated from the spurious particles on the basis of the infor-
mation. The information that reflects the density may be, for
example, optical information such as side scattered light
intensity. Further, instead of the optical information, one can
use, for example, electrical information such as high fre-
quency resistance that is obtained when particles are let to
pass between the electrodes through which a high frequency
current is flowing. In this embodiment, side scattered light
intensity is used as the information that reflects the density.

[0042] When non-aggregated carrier particles (hereinafter
referred to as single particles) and an aggregation mass
formed by aggregation of a plurality of carrier particles
(hereinafter referred to as aggregated particles) are com-
pared, the aggregated particles have a larger apparent size.
For this reason, by detecting the “size information of the
particle” (hereinafter referred to as size information), the
single particles and the aggregated particles can be differ-
entiated and separately counted, whereby the degree of
aggregation of the carrier particles can be determined. The
size information may be, for example, optical information
such as forward scattered light intensity. Further, instead of
the optical information, one can use, for example, electrical
information such as direct current resistance that is obtained
when particles are let to pass between the electrodes through
which a direct current is flowing. In this embodiment,
forward scattered light intensity is used as the size informa-
tion.

[0043] Here, the spurious particles refer to the particles
that affect the detection of the aggregation of the carrier
particles. For example, when the specimen is a whole blood,
the spurious particles may be blood cell components such as
erythrocytes and platelets that are present in the blood,
fragments of the blood cell components such as fractured
erythrocytes and fractured platelets, fat particles, and the
like.

[0044] Here, the degree of aggregation of the carrier
particles refers to the degree of aggregation of the carrier
particles based on the antigen-antibody reaction.
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[0045] FIG. 1 shows an outlook of an immunoassay
apparatus 1. A liquid crystal touch panel 2 for inputting
various settings and outputting measurement results for
display, a measuring sample preparing section cover 3, and
a start switch 4 are disposed on the front of immunoassay
apparatus 1.

[0046] FIG. 2 shows an internal configuration of immu-
noassay apparatus 1. A controlling section 5 that controls the
operation of the apparatus and the analyzing process is
disposed in a space on the right side of immunoassay
apparatus 1. A measuring section 6 for detecting a signal
from a measuring sample is disposed in a space on the lower
left side of immunoassay apparatus 1. Also, a measuring
sample preparing section 7 for preparing a measuring
sample is disposed in the rest of the space.

[0047] FIG. 3 is a view illustrating measuring sample
preparing section 7. Measuring sample preparing section 7
is comprised of a specimen setting section 8, a reagent
setting section 9, a reaction section 10, a dispensing device
11, and a liquid transporting device 12. An operator opens
the aforementioned measuring sample preparing section
cover 3 of FIG. 1 to set a specimen container containing a
specimen into specimen setting section 8 and to set a
container 13 containing a reaction buffer solution and a
container 14 containing a carrier particle suspension into a
reagent setting section 9. A micro test tube 15 is set in
reaction section 10, where the specimen is mixed with the
reaction buffer solution and the carrier particle suspension
for preparation of a measuring sample. Here, though not
illustrated in the drawings, reaction section 10 is provided
with a temperature regulating mechanism for maintaining
the solution in micro test tube 15 at a constant temperature
and a stirring mechanism for stirring the solution in micro
test tube 15. A dispensing device 11 is adapted to suck and
eject a predetermined amount of liquid through the tip end
thereof, and also dispensing device 11 is adapted to be
movable upwards, downwards, rightwards, and leftwards by
a driving device (not illustrated). Liquid transporting device
12 is comprised of a suction tube 16 for sucking a measuring
sample, a liquid transporting pipe 17 for transporting the
measuring sample sucked from suction tube 16 to measuring
section 6 illustrated in FIG. 4, and a pump 18 for sucking the
measuring sample and transporting the measuring sample to
measuring section 6. Suction tube 16 is inserted into micro
test tube 15 set in reaction section 10 so as to suck a
predetermined amount of the measuring sample. The sucked
measuring sample is transported to measuring section 6
through liquid transporting pipe 17.

[0048] FIG. 4 is a view illustrating measuring section 6.
Measuring section 6 is provided with a sheath flow cell 19,
a laser light source 20, a condenser lens 21, converging
lenses 22, 23, pin holes 24, 25, a photodiode 26, and a
photomultiplier tube 27. Sheath flow cell 19 is for allowing
the measuring sample prepared in the aforementioned mea-
suring sample preparing section 7 of FIG. 3 to flow there-
through. Also, referring to FIG. 3, sheath flow cell 19 is
provided with a sample nozzle 28 for jetting the measuring
sample liquid upwards towards a narrow through-hole sec-
tion 31, a sheath liquid supplying inlet 29, and an exhaust
liquid outlet 30. Converging lens 22 collects optical infor-
mation such as forward scattered light obtained from each
particle in the measuring sample that has received a laser
beam. Converging lens 23 collects optical information such
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as side scattered light obtained from each particle in the
measuring sample that has received a laser beam. Photo-
diode 26 receives and performs photoelectric conversion on
the forward scattered light to output an electric signal.
Photomultiplier tube 27 receives and performs photoelectric
conversion on the side scattered light to output an electric
signal. The output signals are each sent to controlling section
5.

[0049] FIG. 6 is a view illustrating a configuration of
controlling section 5 and a relationship between controlling
section 5 and each section of the apparatus. Controlling
section 5 includes a micro computer having a central pro-
cessing unit (CPU) and a memory device such as a ROM or
RAM and a circuit for processing the signals sent from
measuring section 6. Controlling section § functions as a
memory section 32, an analyzing section 33, and an opera-
tion controlling section 34. Memory section 32 memorizes
analyzing programs for analyzing the signals obtained from
particles in the measuring sample and controlling programs
for controlling the operation of each section in the apparatus.
Further, memory section 32 memorizes data of the signals
detected by measuring section 6 and the results of process-
ing by the analyzing programs. Analyzing section 33 ana-
lyzes the signals detected by measuring section 6 in accor-
dance with the analyzing programs and creates data related
to each particle contained in the measuring sample liquid.
The data created in analyzing section 33 are output to liquid
crystal touch panel 2. Operation controlling section 34
controls the operation of each section in the apparatus in
accordance with the controlling programs memorized in
memory section 32.

[0050] Hereinafter, the operation of the apparatus will be
described in detail.

[0051] First, an operator sets a specimen and reagents for
measurement to predetermined positions in measuring
sample preparing section 7. The specimen can be set into
specimen setting section 8 of the aforementioned measuring
sample preparing section 7 of FIG. 3 by opening the
aforementioned measuring sample preparing section cover 3
of FIG. 1. Further, a container 13 containing the reaction
buffer solution and a container 14 containing the carrier
particle suspension can be each set into reagent setting
section 9 of measuring sample preparing section 7.

[0052] When the specimen and the reagents are set in this
manner and a start switch 4 is pressed, an overall control is
started. FIG. 7 is a flowchart showing the flow of the overall
control by the controlling programs. When the start switch
4 is pressed, the steps S1 (measuring sample preparation
process), S2 (measurement process), S3 (analysis process),
and S4 (output process) are successively executed. Measur-
ing sample preparing section 7, measuring section 6, and
analyzing section 33 are controlled by the controlling pro-
grams, whereby a series of operations are automatically
carried out. The above-mentioned steps S1, S2, S3, and S4
will be described below.

[0053]

[0054] An operation of measuring sample preparing sec-
tion 7 in measuring sample preparation will be described
with reference to FIG. 3. First, dispensing device 11 sucks
a specimen from a specimen container set in specimen
setting section 8, and dispenses 10 L into micro test tube 15

S1 (Measuring Sample Preparation Process)
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set in reaction section 10. Next, dispensing device 11 sucks
a reaction buffer solution from container 13 set in reagent
setting section 9, and dispenses 80 uL. into micro test tube 15
set in reaction section 10. Further, dispensing device 11
sucks a carrier particle suspension from container 14 set in
reagent setting section 9, and dispenses 10 uL into micro test
tube 15 set in reaction section 10. Thereafter, reaction
section 10 stirs the mixture for 15 minutes while maintaining
micro test tube 15 at a temperature of 45° C. This prepares
a measuring sample in micro test tube 15. When the mea-
suring sample is prepared, the measuring sample is sucked
from micro test tube 15 of reaction section 10 by liquid
transporting device 12, and is sent to sheath flow cell 19 of
measuring section 6.

[0055]

[0056] An operation of measuring section 6 in the mea-
surement will be described with reference to FIGS. 4 and 5.
The measuring sample prepared in measuring sample pre-
paring section 7 is guided to sheath flow cell 19, and the
measuring sample is ejected into the sheath flow cell through
sample nozzle 28. Simultaneously with this, a sheath liquid
is ejected into the sheath flow cell through sheath liquid
supplying inlet 29. By this, the measuring sample liquid is
surrounded by the sheath liquid within the sheath flow cell,
and is further narrowed down by narrow through-hole
section 31 to flow. By narrowing the flow of the measuring
sample liquid to the same degree as the particle size, the
particles contained in the measuring sample liquid are
arranged in one line to flow through the narrow through-hole
section.

[0057] A laser beam emitted from laser light source 20 is
narrowed by condenser lens 21 and is radiated onto the
sample stream flowing through narrow through-hole section
31. The forward scattered light emitted from each particle in
the measuring sample that has received the laser beam is
converged by converging lens 22 to pass through pin hole
24. The side scattered light is converged by converging lens
23 to pass through pin hole 25. Then, the forward scattered
light is received and undergoes photoelectric conversion by
photodiode 26, and is output as a forward scattered light
signal. The side scattered light is received and undergoes
photoelectric conversion by photomultiplier tube 27, and is
output as a side scattered light signal. Each of the output
signals is sent to controlling section §, and is memorized into
memory section 32 as data of individual particles.

[0058] S3 (Analysis Process)

[0059] When a forward scattered light signal and a side
scattered light signal are detected by the measurement
process of S2, analyzing section 33 then analyzes each
signal in accordance with the analyzing programs. An opera-
tion of the analyzing programs in the analysis process will
be described with reference to the flowchart of FIG. 8. Each
step in the flowchart is as follows.

[0060] S5: The data of the forward scattered light signal
and the side scattered light signal detected from the mea-
suring sample are read out from memory section 32. Then,
the procedure goes to S6.

[0061] S6: The forward scattered light intensity (Fsc) and
the side scattered light intensity (Ssc) are calculated on the
basis of the forward scattered light signal and the side

S2 (Measurement Process)
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scattered light signal obtained from each particle in the
measuring sample. Subsequently, the procedure goes to S7.

[0062] S7: A scattergram is prepared using the Fsc and the
Ssc of each particle calculated in S6 as parameters. This is
carried out as follows. First, two-dimensional coordinates
are developed taking the Fsc and the Ssc as coordinate axes,
and then the pair of coordinates corresponding to each
particle in the measuring sample is plotted on the basis of the
Fsc and the Ssc calculated in S6. In this manner, a scatter-
gram is prepared using the Fsc and the Ssc as parameters.
Then, the procedure goes to S8.

[0063] S8: An area where carrier particles appear (this will
be hereafter referred to as CP area) is set on the prepared
scattergram. The manner in which the CP area is set on the
scattergram is illustrated in FIG. 9. In the scattergram, the
longitudinal axis represents the side scattered light intensity
(Ssc), and the horizontal axis represents the forward scat-
tered light intensity (Fsc). The Fsc is the information that
reflects the size of the particle, so that the size of the particle
increases according as the particle is located more to the
right side on the scattergram. The Ssc is the information that
reflects the density of the particle, so that the density of the
particle increases according as the particle is located more to
the upper side on the scattergram. The carrier particles tend
to have a higher density than the spurious particles. There-
fore, by using a scattergram having the Ssc as a parameter,
the carrier particles can be differentiated from the spurious
particles. Here, the CP area that is set for differentiating the
carrier particles is empirically determined by measuring the
measuring samples prepared using specimens containing
only the analyte and the measuring samples prepared using
specimens containing the analyte and the spurious particles.
Thus, the carrier particles contained in the measuring
samples appear in the CP area, whereas the spurious par-
ticles appear outside of the CP area. Here, the CP area, which
is memorized in memory section 32, is read out by the
analyzing programs in S8 to be applied onto the scattergram.
Then, the procedure goes to S9.

[0064] S9: A histogram is prepared with respect to the
carrier particles appearing in the CP area that is set on the
scattergram. FIG. 10A is one example of a histogram that is
prepared with the use of the Fsc of the carrier particles
appearing in the CP area. The longitudinal axis represents
the number of particles (count), and the horizontal axis
represents the Fsc. Then the procedure goes to S10.

[0065] S10: A degree of aggregation is calculated on the
basis of the histogram prepared in S9. Here, first the single
particles are differentiated from the aggregated particles on
the basis of the histogram prepared in S9. Then the number
of single particles (M) and the number of aggregated par-
ticles (P) are counted. Further, the total number of particles
(T) is determined which is the sum of M and P, so as to
calculate P/T as the degree of aggregation. Subsequently, the
procedure goes to S11.

[0066] S11: The data of the scattergram prepared in 87 and
S8, the histogram prepared in S9, and the degree of aggre-
gation calculated in S10 are memorized.

[0067] S4 (Output Process)

[0068] The data of the scattergram prepared in S7 and S8§,
the histogram prepared in S9, and the degree of aggregation
calculated in S10 are output to liquid crystal touch panel 2
for display.
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[0069] The above is the flow chart of the measurement in
this embodiment.

[0070] FIGS. 10A and 10B show one example of a
histogram obtained by measurement in immunoassay appa-
ratus 1 of this embodiment using whole blood as a specimen.
FIG. 10A is a histogram prepared with respect to the carrier
particles appearing in the CP area. On the other hand, FIG.
10B is a histogram prepared with respect to the carrier
particles appearing in the CP area and the spurious particles
appearing outside of the CP area.

[0071] As will be understood from FIG. 10A, the detected
particles are distributed at positions corresponding to the
size of the carrier particles, such as single particles, two
aggregated particles, and three aggregated particles. As will
be denoted with v, w, x, and y in FIG. 10A, substantially no
particles are distributed at a site having a smaller size than
the single particles, at a site between the single particles and
the two aggregated particles, at a site between the two
aggregated particles and the three aggregated particles, and
at a site having a larger size than the three aggregated
particles. In such a histogram, a threshold value is set
between the forward scattered light intensity corresponding
to the size of the single particles and the forward scattered
light intensity corresponding to the size of the two aggre-
gated particles. By identifying the particles distributed in a
range smaller than the above-mentioned threshold value as
single particles and the particles distributed in a range larger
than the above-mentioned threshold value as aggregated
particles, the number of single particles and the number of
aggregated particles can be counted.

[0072] On the other hand, the histogram shown in FIG.
10B contains not only the carrier particles but also the
spurious particles in the whole blood specimen, so that
particles are distributed at the sites of v, w, x, and y where
particles should not inherently be distributed. For this rea-
son, even if the number of single particles and the number
of aggregated particles are calculated on the basis of the
histogram that is affected by the spurious particles as in FIG.
10B, the calculated values may not be accurate, and the
degree of aggregation of the carrier particles calculated from
the number of single particles and the number of aggregated
particles may not be an accurate one.

[0073] As will be understood from comparison between
FIG. 10A and FIG. 10B, by differentiating the carrier
particles from the spurious particles and preparing a histo-
gram based on the carrier particles alone, the influence of the
spurious particles can be efficiently eliminated, so that an
accurate degree of aggregation of the carrier particles can be
calculated.

[0074]

[0075] An example of a result of the analysis of a speci-
men using immunoassay apparatus 1 described above will
be shown.

[0076] For the measurement in this example, RANREAM
HBsAg manufactured by Sysmex Co., Ltd. was used. This
is a reagent kit for the measurement of HBs antigen, and is
constituted of HBsAg latex reagent, HBsAg buffer solution,
HBsAg specimen diluting liquid, and HBsAg calibrator. In
this example, HBsAg latex reagent was used as a carrier
particle suspension, and HBsAg buffer solution was used as
a reaction buffer solution. The HBsAg latex reagent is a

(Measurement Example)
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suspension of latex particles on which an anti-HBs antibody
is immobilized. Here, the HBs antigen is a surface antigen
of B-type hepatitis virus (HBV), so that one can examine
whether the specimen is in a state infected with HBV or not
by measurement using the reagent for HBs antigen mea-
surement.

[0077] Also, in this example, an HBsAg-negative whole
blood collected from a human being and an HBsAg-positive
whole blood collected from a human being were used
respectively as specimens.

[0078] FIGS. 11 and 12 show scattergrams obtained by
the measurement using the above reagent and the specimens.
FIG. 11 is a scattergram obtained by using the whole blood
that is HBsAg negative as a specimen, and FIG. 12 is a
scattergram obtained by using the whole blood that is
HBsAg positive as a specimen. In each of the scattergrams,
the dots corresponding to the latex particles appear in the CP
area, and the dots corresponding to the spurious particles
appear outside of the CP area. Here, the spurious particles
contained in the specimens used in this example are mainly
platelets.

[0079] FIGS. 13A and 13B are histograms prepared with
respect to the particles that appear on the scattergram (FIG.
11) when the HBsAg-negative whole blood is used. FIG.
13A is a histogram prepared with respect to the carrier
particles that appear in the CP area of FIG. 11. FIG. 13B is
a histogram prepared with respect to the carrier particles that
appear in the CP area of FIG. 11 and the spurious particles
that appear outside of the CP area. From these, it will be
understood that the influence of the spurious particles, such
as the overall rise of base line that is seen in the histogram
of FIG. 13B, is removed in the histogram of FIG. 13A.

[0080] FIGS. 14A and 14B are histograms prepared with
respect to the particles that appear on the scattergram (FIG.
12) when the HBsAg-positive whole blood is used. FIG.
14A is a histogram prepared with respect to the carrier
particles that appear in the CP area of FIG. 12. FIG. 14B is
a histogram prepared with respect to the carrier particles that
appear in the CP area of FIG. 12 and the spurious particles
that appear outside of the CP area. From these, it will be
understood that the influence of the spurious particles, such
as the overall rise of base line that is seen in the histogram
of FIG. 14B, is removed in the histogram of FIG. 14A.

[0081] Next, the degree of aggregation (P/T) calculated on
the basis of the aforesaid histograms shown in FIGS. 13A
and 13B and FIGS. 14A and 14B will be shown in the
following Table 1.

TABLE 1

Degree of aggregation (P/T %)

13-A 0.49
13-B 1.24
14-A 12.50
14-B 14.65

[0082] The item 13-A in Table 1 is the degree of aggre-
gation (P/T %) calculated on the basis of the histogram
(FIG. 13A) prepared with respect to the carrier particles that
appear in the CP area among the histograms obtained using
the HBsAg-negative whole blood as a specimen. The item

Jul. 7, 2005

13-B in Table 1 is the degree of aggregation (P/T %)
calculated on the basis of the histogram (FIG. 13B) prepared
with respect to the carrier particles that appear in the CP area
and the spurious particles that appear outside of the CP area
among the histograms obtained using the HBsAg-negative
whole blood as a specimen. The item 14-A in Table 1 is the
degree of aggregation (P/T %) calculated on the basis of the
histogram (FIG. 14A) prepared with respect to the carrier
particles that appear in the CP area among the histograms
obtained using the HBsAg-positive whole blood as a speci-
men. The item 14-B in Table 1 is the degree of aggregation
(P/T %) calculated on the basis of the histogram (FIG. 14B)
prepared with respect to the carrier particles that appear in
the CP area and the spurious particles that appear outside of
the CP area among the histograms obtained using the
HBsAg-positive whole blood as a specimen.

[0083] 1In Table 1, the degree of aggregation of 13-B
shows a higher value than the degree of aggregation of 13-A.
Similarly, the degree of aggregation of 14-B shows a higher
value than the degree of aggregation of 14-A.

[0084] From the above, it will be understood that, when
the degree of aggregation is calculated on the basis of the
histogram prepared with respect to the carrier particles that
appear in the CP area and the spurious particles that appear
outside of the CP area, the degree of aggregation is affected
by the spurious particles, so that the calculated degree of
aggregation has a higher value than the actual degree of
aggregation.

[0085] Hereinafter, calculation of the concentration of an
analyte will be described.

[0086] The concentration of an analyte contained in a
specimen can be determined by using a calibration line that
is prepared on the basis of the degree of aggregation of the
carrier particles obtained by measuring beforehand a speci-
men that contains the analyte at a known concentration.
Therefore, in this example, a calibration line is prepared
using the HBsAg specimen diluting liquid and the HBsAg
calibrator of RANREAM HBsAg manufactured by Sysmex
Co., Ltd., and the concentration of HBs antigen was calcu-
lated on the basis of the degree of aggregation (Table 1)
calculated from the histograms of FIGS. 13A and 13B and
FIGS. 14A and 14B. The HBsAg specimen diluting liquid
is a liquid that does not contain an HBs antigen. The HBsAg
calibrator is a solution that contains an HBs antigen, and the
antigen concentration is adjusted in six stages. Therefore,
the HBsAg specimen diluting liquid and the HBsAg cali-
brator were used as a specimen for preparing a calibration
line of the antigen concentration in a sum of seven stages,
whereby the calibration line was prepared. The concentra-
tion of the HBs antigen calculated on the basis of this
calibration line is shown in the following Table 2.

TABLE 2

Concentration of
HBs antigen (U/mL)

13-a 0

13-b 0.4
14-a 85
14-b 14.0

[0087] The item 13-a in Table 2 is the concentration
(U/mL) of the HBs antigen calculated on the basis of the
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degree of aggregation of 13-A of Table 1. The item 13-b in
Table 2 is the concentration (U/mL) of the HBs antigen
calculated on the basis of the degree of aggregation of 13-B
of Table 1. The item 14-a in Table 2 is the concentration
(U/mL) of the HBs antigen calculated on the basis of the
degree of aggregation of 14-A of Table 1. The item 14-b in
Table 2 is the concentration (U/mL) of the HBs antigen
calculated on the basis of the degree of aggregation of 14-B
of Table 1.

[0088] In Table 2, compared with the concentration of the
HBs antigen of 13-a being zero (U/mL), the concentration of
the HBs antigen of 13-b is 0.4 (U/mL), showing a higher
value than the concentration of the HBs antigen of 13-a.
Similarly, compared with the concentration of the HBs
antigen of 14-a being 8.5 (U/mL), the concentration of the
HBs antigen of 14-b is 14.0 (U/mL), showing a higher value
than the concentration of the HBs antigen of 14-a. From the
above, it will be understood that the spurious particles
appearing outside of the CP area give a large influence on the
concentration of the HBs antigen.

[0089] In other words, the results of FIGS. 13A and 13B,
FIGS. 14A and 14B, and Tables 1 and 2 show that setting
a CP area by a method such as described above and
calculating the degree of aggregation and the concentration
of HBs antigen with respect to the carrier particles appearing
in the CP area are extremely effective in removing the
influence of spurious particles that guides to an erroneous
measurement results.

[0090] This immunoassay apparatus 1 detects internal
information of each particle in a measuring sample, and
differentiates the carrier particles from the spurious particles
on the basis of the internal information. Therefore, in
immunoassay apparatus 1, the degree of aggregation of the
carrier particles can be determined accurately by removing
the influence of the spurious particles.

[0091] Here, in this embodiment, a whole blood collected
from a human being is used as a specimen; however, the
present invention is not limited to this alone. Instead of
whole blood, it is possible to use serum and plasma as a
specimen. Further, blood or urine that contains spurious
particles such as blood cells, fragments of blood cell com-
ponents, bacteria, and fat particles can be used as a specimen
as well.

[0092] In this embodiment, the HBsAg buffer solution of
RANREAM HBsAg manufactured by Sysmex Co., Ltd. is
used as a reaction buffer solution; however, the reaction
buffer solution that can used is not limited to this alone. For
example, a solution having a buffer function around about
pH 6 to 8.5 can be used as a reaction buffer solution. The
kind of buffer solution may be, for example, phosphate
buffer solution or Tris-hydrochloric acid buffer solution.
Further, a substance for restraining nonspecific reaction, a
sensitizer, and others can be added to the reaction buffer
solution in accordance with the needs.

[0093] In this embodiment, the latex particles contained in
the HBsAg latex reagent of RANREAM HBsAg manufac-
tured by Sysmex Co., Ltd. are used as the carrier particles;
however, the present invention is not limited to this alone.
For example, any carrier particles on which an antibody or
an antigen against the analyte is immobilized can be used. A
suitable size of the particles is a diameter of about 0.1 to 1.0
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um. A method of sensitizing the carrier particles with an
antibody or an antigen may be a method conventionally
known in the field of art. For example, the method may be
the physical absorption method, the chemical bonding
method, or the like. The antibody or antigen for sensitizing
the carrier particles is not particularly limited as long as it
can be detected using antigen-antibody reaction.

[0094] In this embodiment, an anti-HBs antigen is
detected as an analyte by the immunoassay apparatus;
however, the analyte of the present invention is not limited
to this alone. Any analyte that can be detected by immu-
noassay using the carrier particles in the field of art can be
detected as an analyte. For example, the analyte may be
carcinoembryonic antigen (CEA), prostate gland specific
antigen (PSA), anti-HCV antibody, insulin, or ferritin
(FRN).

[0095] Immunoassay apparatus 1 of this embodiment cal-
culates the degree of aggregation in the analyzing step.
However the present invention is not limited to this alone.
For example, an analyzing program of calculating the degree
of aggregation and determining whether or not the analyte is
contained in the specimen such as shown in FIG. 15 may be
memorized in memory section 32 of FIG. 6, and an analysis
process may be carried out by analyzing section 33 in
accordance with this analyzing program. One method of
determining whether or not the analyte is contained in the
specimen on the basis of the calculated degree of aggrega-
tion may be a method of setting beforehand a predetermined
value with respect to the degree of aggregation and deter-
mining whether or not the analyte is contained in the
specimen by comparing the calculated degree (E) of aggre-
gation with this predetermined value. Also, an analyzing
program of calculating the degree of aggregation, preparing
a calibration line, calculating the concentration of an analyte
contained in a specimen, and determining whether or not the
analyte is contained in the specimen such as shown in FIG.
16 may be memorized in memory section 32 of FIG. 6, and
an analysis process may be carried out by analyzing section
33 in accordance with this analyzing program. One method
of determining whether or not the analyte is contained in the
specimen on the basis of the concentration of the analyte
may be a method of setting beforehand a predetermined
value with respect to the concentration of the analyte and
determining whether or not the analyte is contained in the
specimen by comparing the calculated concentration (F) of
the analyte with this predetermined value.

[0096] In measuring section 6 of this embodiment, con-
verging lens 23, pinhole 25, and photomultiplier tube 27 are
disposed so as to receive the side scattered light that is
scattered in the direction perpendicular to the direction of
the progressing laser light emitted from the laser source;
however, the present invention is not limited to this alone.
They can be disposed in any direction relative to the
direction of the progressing laser light as long as they are
disposed at positions where they can receive the scattered
light that reflects the internal information.

[0097] In this embodiment, the carrier particles are differ-
entiated from the spurious particles on the basis of the two
pieces of information, i.e. the side scattered light intensity
and the forward scattered light intensity; however, the
present invention is not limited to this alone. For example,
the carrier particles can be differentiated from the spurious
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particles on the basis of the information of side scattered
light intensity alone. One such method may be the following
method. First, referring to FIG. 17A, a histogram is pre-
pared taking the number of particles (count) as the longitu-
dinal axis and the side scattered light intensity as the
horizontal axis. As described above, the carrier particles tend
to have a higher density than the spurious particles. There-
fore, in a histogram such as shown in FIG. 17A, the spurious
particles appear at positions corresponding to a smaller side
scattered light intensity, whereas the carrier particles appear
at positions corresponding to a larger side scattered light
intensity. For this reason, by setting a threshold value
between the side scattered light intensity corresponding to
the carrier particles and the side scattered light intensity
corresponding to the spurious particles, the particles distrib-
uted in a range smaller than the above-mentioned threshold
value can be identified as the spurious particles, and the
particles distributed in a range larger than the above-men-
tioned threshold value can be identified as the carrier par-
ticles. Here, the degree of aggregation of the identified
carrier particles can be calculated on the basis of a histogram
(FIG. 17B) taking the number of particles (count) as the
longitudinal axis and the forward scattered light intensity as
the horizontal axis, in a manner similar to that of the
above-described embodiment.

[0098] In this embodiment, the side scattered light inten-
sity that reflects the density is used as the internal informa-
tion, and the forward scattered light intensity is used as the
size information. However, the present invention is not
limited to this alone. For example, high frequency resistance
can be used as the internal information, and direct current
resistance can be used as the size information. In this case,
a narrow through-hole section through which the particles
contained in a measuring sample pass is disposed in the
measuring section, and electrodes are disposed on both sides
of the narrow through-hole section. Ahigh frequency current
and a direct current are applied between these electrodes so
as to detect the change in the high frequency resistance and
the change in the direct current resistance that occur when
the particles pass through the narrow through-hole section.

What is claimed is:
1. An immunoassay apparatus comprising:

(2) a measuring sample preparing section for preparing a
measuring sample by mixing a specimen with carrier
particles on which an antibody or an antigen against an
analyte is immobilized,

(b) a detector for detecting internal information and size
information from particles contained in the measuring
sample; and

(c) a controller for identifying the carrier particles on the
basis of the obtained internal information and for
calculating a degree of aggregation of the identified
carrier particles on the basis of the obtained size
information.

2. The immunoassay apparatus according to claim 1,
wherein said specimen is a whole blood.

3. The immunoassay apparatus according to claim 1,
wherein said controller identifies the carrier particles on the
basis of the internal information and the size information.
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4. The immunoassay apparatus according to claim 1,
wherein said controller further calculates a concentration of
the analyte contained in the specimen on the basis of said
degree of aggregation.

5. The immunoassay apparatus according to claim 1,
wherein said controller further determines whether or not the
analyte is contained in the specimen on the basis of said
degree of aggregation.

6. The immunoassay apparatus according to claim 1,
wherein said internal information includes side scattered
light or high frequency resistance.

7. The immunoassay apparatus according to claim 1,
wherein said size information includes forward scattered
light or direct current resistance.

8. An immunoassay apparatus comprising:

(2) a measuring sample preparing section for preparing a
measuring sample by mixing a specimen with carrier
particles on which an antibody or an antigen against an
analyte is immobilized,

(b) a detector for detecting side scattered light and for-
ward scattered light from particles contained in the
measuring sample; and

(c) a controller for identifying the carrier particles on the
basis of the detected side scattered light and for calcu-
lating a degree of aggregation of the identified carrier
particles on the basis of the detected forward scattered
light.

9. The immunoassay apparatus according to claim 8§,

wherein said specimen is a whole blood.

10. The immunoassay apparatus according to claim 8,
wherein said controller identifies the carrier particles on the
basis of the side scattered light and the forward scattered
light.

11. The immunoassay apparatus according to claim 8,
wherein said controller further calculates a concentration of
the analyte contained in the specimen on the basis of said
degree of aggregation.

12. The immunoassay apparatus according to claim 8,
wherein said controller further determines whether or not the
analyte is contained in the specimen on the basis of said
degree of aggregation.

13. A method of identifying carrier particles in an immu-
noassay, comprising the steps of:

(a) preparing a measuring sample by mixing a specimen
with carrier particles on which an antibody or an
antigen against an analyte is immobilized,

(b) detecting internal information from particles con-
tained in the prepared measuring sample; and

(c) identifying the carrier particles on the basis of the

obtained internal information.

14. The method according to claim 13, wherein said
internal information includes side scattered light or high
frequency resistance.

15. An immunoassay method comprising the steps of:

(2) preparing an measuring sample by mixing a specimen
with carrier particles on which an antibody or an
antigen against an analyte is immobilized,

(b) detecting internal information and size information
from particles contained in the measuring sample;
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(¢) identifying the carrier particles on the basis of the
obtained internal information; and

(d) calculating a degree of aggregation of the carrier
particles identified by said step (c) on the basis of the
obtained size information.

16. The immunoassay method according to claim 15,
wherein said step (c) identifies the carrier particles on the
basis of said internal information and the size information of
the particles.

17. The immunoassay method according to claim 15,
further comprising a step of calculating a concentration of
the analyte contained in the specimen on the basis of said
degree of aggregation.

18. The immunoassay method according to claim 15,
further comprising a step of determining whether or not the
analyte is contained in the specimen on the basis of said
degree of aggregation.

19. An immunoassay method comprising the steps of:

(a) preparing a measuring sample by mixing a specimen
with carrier particles on which an antibody or an
antigen against an analyte is immobilized,
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(b) detecting side scattered light and forward scattered
light from particles contained in the measuring sample;

(c) identifying the carrier particles on the basis of the
detected side scattered light; and

(d) calculating a degree of aggregation of the carrier
particles identified by said step (c) on the basis of the
detected forward scattered light.

20. The immunoassay method according to claim 19,
wherein said step (c) identifies the carrier particles on the
basis of said side scattered light and said forward scattered
light.

21. The immunoassay method according to claim 19,
further comprising a step of calculating a concentration of
the analyte contained in the specimen on the basis of said
degree of aggregation.

22. The immunoassay method according to claim 19,
further comprising a step of determining whether or not the
analyte is contained in the specimen on the basis of said
degree of aggregation.
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