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Description

Technical Field

[0001] The present invention relates to an immunoassay and immunoassay apparatus, more particularly an immu-
noassay by use of flow cytometry for analyzing a sample subjected to immune agglutination-and immunoassay appa-
ratus.

Background Art

[0002] For immunoassays on infection disease-related test items, serum has been used as a sample to be tested.
However, it takes about 30 minutes to separate serum from whole blood, including time for blood coagulation and time
for subsequent centrifugation.
[0003] Typical examples of immunoassays include a radioimmunoassay (RIA), an enzyme immunoassay (EIA) a
particle agglutination immunoassay and a counting immunoassay. However, RIA and EIA need B(Bound form)/F(Free
form) separation after antigen-antibody reaction, and therefore, require time and labor before the results of the assays
are obtained.
[0004] A particle agglutination immunoassay is advantageous in that it requires only the mixing of a sample to be
tested with a suspension of insoluble carrier particles (e.g., latex) sensitized with an antibody or an antigen. Therefore
it does not require the B/F separation and can be performed by simple operation.
[0005] Further, a counting immunoassay is an assay in which is used serum or blood plasma and is known as an
assay for measuring the degree of particle agglutination, wherein antigen- or antibody-combined latex particles are
reacted with an antibody or an antigen in a sample, so that they agglutinate according to the amount of the antigen or
antibody. Agglutinated latex particles are distinguished by their size and counted. The count of unagglutinated latex
particles is represented by M (monomer), the count of at least two agglutinated latex particles is represented by P
(polymer), and the sum of M and P is represented by T (total). P/T is calculated as a degree of agglutination. If a
calibration curve is determined beforehand by measuring the degree of agglutination of a known concentration of an
antigen or antibody, the amount of the antigen or antibody in the sample can be found from the degree of agglutination
of the sample (Sinkai Etsuro et al. : Principle of Measurement of PAMIA, Sysmex J. Vo1.20, No.1, p.p.77 - 78 (1997)).
Since the agglutinated particles are directly counted, this assay is more accurate than the turbidimetric immunoassay
which detects optical changes in the entire test sample.
[0006] In recent years, however, it has become necessary to judge rapidly whether or not a patient is infected with
virus hepatitis, HIV or the like, for example, in the case of emergency operation. Accordingly, it is demanded that test
time from collection of blood up to obtainment of test results be shortened. Also there is demanded a simple immu-
noassay that realizes the obtainment of highly accurate test results.
[0007] Taking the shortening of the test time into consideration, it is more desirable to use whole blood collected
from a patient than to use serum, as a sample for immunoassays.
[0008] For example, Japanese Unexamined Patent Publication No. HEI 10 048 214 proposes a whole blood assay
using a conventional latex agglutination method. According to this assay, a whole blood sample is hemolyzed and the
resulting sample is tested on its immune reaction by a latex turbidimetric immunoassay. This assay can provide test
results simply and rapidly.
[0009] However, according to this assay, since the whole blood is hemolyzed, hemoglobin or fragments of hemolyzed
blood cells interfere with the turbidimetric immunoassay using optical means and limit the accuracy of the assay. There-
fore, the assay is not suitable for cases which require relatively high accuracy, for example, infection disease-related
test items.
[0010] Whole blood usually contains about 40 to 50 % of blood cell components in terms of hematocrit value. If whole
blood is used in the same amount as in the case where serum is used, its measured values become lower than the
values obtained by serum, reflecting the amount of blood cell components (a blood cell volume ratio content). In order
to obtain measured values equivalent to those obtained by serum measurement, the values need to be corrected for
the blood cell volume ratio content.
[0011] For this purpose, in Japanese Unexamined Patent Publication No. HEI 100 48214, the hematocrit value is
separately measured, and the measured values are corrected for the measured hematocrit value.
[0012] However, it is complicated to measure blood cells separately for correction. To avoid this, an immunoassay
apparatus may be provided with a blood cell counting section and an immunoassay section, but such an apparatus
becomes complicated and expensive. Therefore, there is a demand for a method for estimating or correcting influence
by blood cells only by the immunoassay section.
[0013] Fully automated immunoassay apparatuses currently used are mostly designed for assaying serum (or blood
plasma) samples, and therefore, do not have a stirrer which is necessary for assaying whole blood samples. If such
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apparatuses are used for immunoassays of whole blood samples, the blood cell components settle and only superna-
tant is used. The measured values are not affected seriously by the hematocrit value and may be not shifted apart to
lower values.
[0014] In this case, if measured values are corrected for the hematocrit value separately measured by a blood cell
counter for whole blood measurement as disclosed in Japanese Unexamined Patent Publication No. HEI 100 48214,
the measured values shift apart to higher values. As a result, precise measurement results cannot be obtained.
[0015] Alternatively, in an apparatus for both whole blood samples and serum samples which is already available
commercially, a measuring sequence, an analysis program and the like are usually changed for measurement of a
whole blood sample by designating the "whole blood measurement" on operation panel of the apparatus. However,
where the number of samples is large, it is time- and labor-consuming to designate the "whole blood measurement"
every time when a whole blood sample is used, and, where whole blood samples and serum samples are both used,
it is also time- and labor-consuming to re-designate every time when the types of samples are changed. Furthermore,
if the type of a sample is mis-designated, accurate measurement results are not obtained.

Disclosure of Invention

[0016] An object of the present invention is to provide a method which can perform a highly accurate immunoassay
on a whole blood sample without need to hemolyze the whole blood sample or separate serum therefrom, a method
which allows simple correction for the hematocrit content.
[0017] The present invention provides an immunoassay comprising the steps of:

(a) mixing a whole blood sample with sensitized insoluble carrier particles smaller than erythrocytes to cause an
immune agglutination reaction;
(b) introducing the resulting immune agglutination reaction mixture including agglutinated particles and unagglu-
tinated particles to a flow cell, irradiating the particles passing through the flow cell with laser light, and detecting
scattered lights generated thereby;
(c) setting a threshold value for distinguishing unagglutinated particles from agglutinated particles and a threshold
value for distinguishing the agglutinated particles from blood cells with regard to intensity of the scattered light; and
(d) distinguishing and counting the unagglutinated particles, the agglutinated particles and the blood cells from the
scattered lights detected in the step (b), in reference to the threshold values set in the step (c).

[0018] The present invention also provides an immunoassay apparatus for realizing a immunoassay of the present
invention comprises:

a reaction part for mixing a whole blood sample with sensitized insoluble carrier particles smaller than erythrocytes
to cause an immune agglutination reaction;
a dispensing mechanism for introducing the resulting immune agglutination reaction mixture including agglutinated
particles and unagglutinated particles to a flow cell,
a laser for irradiating the particles passing through the flow cell with laser light, and
a photo acceptance unit for detecting scattered light generated thereby,
signal processing means for converting a light signal to an electrical signal,
data processing means for setting a threshold value for distinguishing unagglutinated particles from agglutinated
particles and a threshold value for distinguishing the agglutinated particles from blood cells with regard to signal
based on intensity of the scattered light; and for distinguishing and counting the unagglutinated particles, the ag-
glutinated particles and the blood cells according to the set threshold values.

Brief Description of Drawings

[0019]

Fig. 1 illustrates a measurement principle of a whole blood immunoassay in accordance with the present invention;
Fig. 2 is a schematic view sowing an electric pulse representative of scattered light generated when particles
crosses a laser light, in a whole blood immunoassay in accordance with the present invention;
Fig. 3 is a particle size distribution of agglutinated particles in a whole blood immunoassay in accordance with the
present invention;
Fig. 4 is a graphical representation showing a correlation between a concentration in serum (control) and a con-
centration in whole blood (uncorrected) in an example 2 of the present invention; and
Fig. 5 is a graphical representation showing a correlation between a concentration in serum (control) and a con-
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centration in whole blood (corrected) in an example 2 of the present invention;
Fig. 6 a graphical representation showing a correlation between a concentration in serum (control) and a concen-
tration in whole blood (uncorrected) in Example 4 of the present invention;
Fig. 7 is a graphical representation showing a correlation between a concentration in serum (control) and a con-
centration in whole blood (corrected with the number of blood cells alone) in Example 4 of the present invention;
Fig. 8 is a graphical representation showing a correlation between a concentration in serum (control) and a con-
centration in whole blood (corrected with a hematocrit value) in Example 4 of the present invention;
Fig. 9 is a graphical representation showing a correlation between a concentration in serum (control) and a con-
centration in whole blood (corrected with an MCV value and the number of blood cells) in an example of the present
invention; and
Fig. 10 is a schematic block diagram illustrating an apparatus for realizing the immunoassay of the present inven-
tion.

Best Mode for Carrying Out the Invention

[0020] In the immunoassay of the present invention, first, in Step (a), the whole blood sample is mixed with insoluble
carrier particles so that the immune agglutination reaction takes place. In the present invention, the immunoassay
generally means measurement of the degree of agglutination of an antigen or antibody, the concentration of an antigen
or antibody and the like. The whole blood sample usually means blood collected from a human being or other animals
but not subjected to serum or plasma separation. However, before the immunoassay of the present invention is carried
out, the whole blood sample may be anticoagulated and/or diluted with a reaction buffer and the like.
[0021] As anticoagulants used for anticoagulating the sample, usable are those usually used for blood tests such as
EDTA salt, citrates and the like. As the reaction buffer, usable is a phosphate buffer or Tris-HCl buffer, for example.
The pH of the reaction buffer may suitably be about pH 6 to 8.5. The osmotic pressure of the reaction buffer may
suitably be such that erythrocytes are not lyzed and preferably be 150 mOsm/kg or more. To the reaction buffer, a
substance suppressing a non-specific reaction, a sensitizer and the like may be added as required. The mixture of the
whole blood with the reaction buffer may be for preparation for the subsequent immune agglutination reaction. When
the whole blood is diluted with the reaction buffer, the dilution ratio may suitably be about 5 to 100 (by volume) and
may preferably be 10 to 50. Temperature and time at and during which the whole blood is mixed with the reaction buffer
may suitably be about 20 to 50°C and about 1 to 5 minutes.
[0022] The insoluble carrier particles may be particles immunized, i.e., sensitized with an antigen or antibody. As
materials for the particles, synthetic polymers, typically polystyrene latex or the like may be mentioned, for example.
The particles suitably have such a size that allows the particles to be distinguished from blood cells, especially, eryth-
rocytes. Since the size of erythrocytes is about 7 to 8 µm in average particle diameter in plan view and about 2.2 µm
in thickness, the insoluble carrier particles suitably have a diameter of about 0.1 to 1.0 µm. The particles are preferably
uniform.
[0023] The insoluble carrier particles can be sensitized by a method known in the field of art, for example, by physical
adsorption, chemical binding, etc. The antigen or antibody used for sensitizing the particles is not particularly limited
so long as it can be detected by utilizing antigen/antibody reaction. The insoluble carrier particles are usually used in
a suspension thereof in a solvent, which may suitably be water, the above-mentioned buffer or the like. The mixing
ratio of the insoluble carrier particles to the solvent is suitably about 0.1 to 1 w/v%.
[0024] As regards the immune agglutination reaction, the above suspension containing sensitized insoluble carrier
particles is added to the whole blood sample optionally diluted with the reaction buffer so that an antigen/antibody
reaction takes place. Here, the above suspension is used in such an excess amount that the intended agglutination
reaction takes place sufficiently. The temperature is suitably 20 to 50 °C, and the time is suitably 15 seconds to 20
minutes.
[0025] In Step (b), scattered lights from the resulting agglutination reaction mixture are detected.
[0026] For detecting the scattered light, it is suitable to use an apparatus which can detect the scattered lights for
counting blood cells. Preferably, the apparatus is also provided with means for immunoassay in which the blood cell
components do not affect the reaction system, simultaneously with the counting of blood cells. For example, a PAMIA
series produced by Sysmex Corporation provides measuring apparatuses for counting immunoassay utilizing the prin-
ciple of flow cytometry. This series is suitable because a single apparatus can perform both an immunoassay (latex
agglutination) and blood cell counting according to the following procedure.
[0027] More particularly, an apparatus for realizing the immunoassay of the present invention includes a particle
detecting block A, a signal processing block B and a data processing block C, as shown in Fig. 10.
[0028] The particle detecting block A is composed mainly of a sample supply section a and a particle detecting optical
means b.
[0029] The sample supply section a is provided with a reaction part such as a reaction plate 1; a dispensing mech-
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anism 2,3 such as a pipette for dispensing a blood sample, insoluble carrier particles and optionally a diluent into wells
of the reaction plate; and optionally an oscillating mechanism 4 such as an eccentric motor for oscillating the reaction
plate. The sample supply section a is further provided with a dispensing mechanism 20 for dispensing the reaction
mixture to a chamber 19 and sample feed means 21 such as a sheath syringe for feeding the reaction mixture in the
chamber 19 to the particle detecting optical means b.
[0030] The particle detecting optical means b is provided mainly with a flow cell 6, a semiconductor laser 7, a beam
stopper 8, a lens 9 and a photo acceptance unit 10 as shown in Fig. 1.
[0031] The signal processing block B is provided with a filter buffer 11, a function amplification circuit 12, an emitter
13, an amplifier 14, as required. The function amplification circuit may be so constructed that a linear amplifier 12a, a
logarithmic amplifier 12b and the like can be switched by actuation of a switch.
[0032] The data processing block C is composed of a discrimination circuit 15, a microcomputer (including a means
for counting the number of signals representative of particles discriminated by size, an arithmetic means for calculating
the agglutination ratio from the number of counted signals, a control means for samples and a means for controlling
the drive of the particle detecting block, for example) 16, a display 17, a printing circuit 18, as required.
[0033] In other words, an immunoassay apparatus for realizing the immunoassay of the present invention comprises:

a reaction part for mixing a whole blood sample with sensitized insoluble carrier particles smaller than erythrocytes
to cause an immune agglutination reaction;
a dispensing mechanism for introducing the resulting immune agglutination reaction mixture including agglutinated
particles and unagglutinated particles to a flow cell,
a laser for irradiating the particles passing through the flow cell with laser light, and
photo acceptance unit for detecting scattered light generated thereby,
signal processing means for converting a light signal to an electrical signal,
data processing means for setting a threshold value for distinguishing unagglutinated particles from agglutinated
particles and a threshold value for distinguishing the agglutinated particles from blood cells with regard to signal
based on intensity of the scattered light; and for distinguishing and counting the unagglutinated particles, the ag-
glutinated particles and the blood cells according to the set threshold values.

[0034] The apparatus for realizing the immunoassay apparatus of the present invention further comprises: data
processing means for calculating a degree of agglutination from the number of the unagglutinated particles and the
number of the agglutinated particles, converting the degree of agglutination into the concentration of an antigen or
antibody in the whole blood sample using a calibration line produced beforehand; and correcting the concentration of
the antigen or antibody according to the number of the blood cells.
[0035] For the detection of the scattered light from the agglutination reaction mixture including agglutinated particles
and unagglutinated particles, the reaction mixture is first diluted to adjust the concentration of the particles suitably for
counting, subsequently the diluted reaction mixture is extruded little by little into a laminar flow of a sheath liquid formed
in a flow cell 6 so that the particles pass through the center of the flow cell one by one in line. The particles passing
through the flow cell are irradiated with a laser beam, for example, by a laser diode 7, preferably in a direction orthogonal
to the flow cell. After penetrating the flow cell, the laser light is stopped by a beam stopper 8. The scattered light is
received by a photo acceptance unit 10, for example, a photo diode (Fig. 1). As the laser light, light having a wavelength
of 310 to 1285 nm may be used, for example, 488 nm, 680 nm, 780nm, 860nm, 980nm and the like. The scattered
light detected may be forward scattered light, side scattered light or both of them.
[0036] When a particle crosses the laser light, a scattered light pulse is generated which has an intensity according
to the volume of the particle. The pulse is received by the photo acceptance unit. Usually, the scattered light pulse
received is converted to an electric pulse (Fig. 2). Thereby, information about the particle size distribution of the particles
can be obtained. That is, the electric pulse has an intensity according to the volume of the particle entering within the
laser light, which particle may be a single particle unagglutinated, two particles agglutinated, three particles agglutinated
and the like, blood cells itself, or the like. The electric pulses representative of the volume of particles show a particle
size distribution as shown in Fig. 3.
[0037] In Step (c), threshold values are set for distinguishing unagglutinated particles, agglutinated particles and
blood cells on the basis of the intensity of the scattered light. In the case where the whole blood sample is used, an
accurate degree of agglutination cannot be obtained only by distinguishing the unagglutinated particles from the ag-
glutinated particles because blood cell information is included in agglutinated particle information. The unagglutinated
particles, agglutinated particles and blood cells have different intensities of forward scattered light because of their
different particle sizes, and therefore, they can be distinguished from each other. The threshold values (L1,L2) are set
between the unagglutinated particles and the agglutinated particles and between the agglutinated particles and the
blood cells for distinguishing the unagglutinated particles from the agglutinated particles and distinguishing the agglu-
tinated particles from blood cells by the intensity of the scattered light, respectively.(see Fig.3)
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[0038] The threshold values here may be set as soon as the scattered light of the whole blood sample to be tested
itself is measured on the basis of the measured scattered light data; may be set on the basis of the measured scattered
light data after obtaining the data; or may be set beforehand as estimated threshold values from known information,
accumulated past data or the like. Especially, considering measurement errors and reproducibility, the threshold values
are preferably set by establishing the threshold values on measuring the intensity of the scattered light, on the basis
of the measured scattered light data.
[0039] In Step (d), the unagglutinated particles, agglutinated particles and blood cells are distinguished from each
other and counted with reference to the threshold values.
[0040] For example, the number of blood cells can be obtained from data exceeding the threshold value (L2) between
the agglutinated particles and the blood cells, and the number of the agglutinated particles P can be obtained accurately
by subtracting the obtained number of the blood cells from the count of particles on or above the threshold value (L1)
between the unagglutinated particles and the agglutinated particles. Or the number of the agglutinated particles P is
a count between L1 and L2. The number of the unagglutinated particles M can be obtained by counting the number
of particles below L1. It is possible to judge the presence of the antigen or antibody in the whole blood sample from
the obtained numbers or counts by use of a method described later or the like
[0041] If particles not to be measured such as chylomicrons are present in the sample, these particles are also
included in the particle size distribution of the insoluble carrier particles to be measured. In this case, the particle size
distribution of the particles not to be measured can be estimated by interpolation using spline function and subtracted
from the particle size distribution including the particles to be measured and the particles not to be measured. Thereby
an approximate correction data only of the particles to be measured can be obtained and utilized for calculating accurate
counts of the agglutinated particles and the unagglutinated particles (see Japanese Patent No. 2912413).
[0042] In the present invention, further in Step (e), the degree of agglutination is calculated. From the calculated
degree of agglutination, the concentration of the antigen or antibody may be obtained.
[0043] The degree of agglutination may be represented by P / (M + P), wherein P is the number of the agglutinated
particles obtained above and M is the number of the unagglutinated particles obtained above. The degree of aggluti-
nation is the ratio of the agglutinated particles, which are involved in the antigen/antibody reaction, with respect to all
the counted particles.
[0044] The concentration of the antigen or antibody may be obtained by use of a calibration curve which is produced
beforehand by obtaining the relationship of the degree of agglutination of the antigen or antibody to be measured to a
known concentration of the antigen or antibody (preferably, a plurality of degrees of agglutination are determined with
changing the concentration).
[0045] Also, in Step (f), the concentration of the antigen or antibody in the whole blood sample may be corrected
with reference to the count of the blood cells. That is, the concentration of the antigen or antibody obtained in Step (e)
reflects the hematocrit content in the whole blood sample and thus is smaller than that obtained using serum. Therefore,
the hematocrit content is corrected.
[0046] For correction, the number of the blood cells, which is subtracted above, is used. For example, the correction
can be carried out by use of the following correction formula:

wherein C is a corrected value, CO is the concentration of the antigen or antibody in the whole blood sample, B is the
number of blood cells (value counted above the threshold between the agglutinated particles and the blood cells) and
A is a constant. In this connection, constant A can be experimentally obtained from correlation between the hematocrit
value and the value counted above the threshold between the agglutinated particles and the blood cells. Constant A
corresponds to a value counted when the hematocrit value is supposed to reach 100 % (that means that the whole
blood sample contains only blood cell component). The ratio of the blood cell component in a collected whole blood
sample can'be found by calculating B/A.
[0047] If the blood cell components of the whole blood sample settle and the fully automated immunoassay apparatus
sucks a supernatant plasma component alone, the above-mentioned CO is affected little by hematocrit, and therefore,
the correction is not necessary. At this time, since the number of blood cells (B) in the sucked plasma component is
small, the B/A of the above formula approaches O and the correction is not made. Thus, by use of the method of the
present invention, accurate measured values can be calculated even with the whole blood sample.
[0048] The above correction formula can be applicable not only to the case where an immunoassay section alone
performs an immunoassay and counts blood cells but also to the case where an apparatus provided with both an
immunoassay section and a blood cell counting section is used.
[0049] Alternatively, in step (g), the concentration of the antigen or antibody in the whole blood sample may be
corrected with reference to the MCV (mean corpusculer volume) of erythrocyte and the number of blood cell. The MCV

C = CO / (1 - B/A) (I)
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can be obtained, for example, from the scattered lights detected in the step (b), in reference to the threshold values
set in the step (c). The correction can be carried out using the following correction formula:

wherein C, CO, A and B are the same as defined above, MCV is an value of MCV measurement in the sample and D
is a constant.
[0050] The D is a standard value of MCV measurement and generally around 90 fl, but may be a mean value of MCV
measurement of normal samples.
[0051] The correction using MCV is not usually required because MCV is usually within the range of 89 to 99 fl.
However, exceptional samples have MCVs outside this range. With regard to such samples, the correction (formula
(I)) only according to the number of blood cells leaves some errors. Additional correction by the above correction
formula (formula (II)) according to MCV can provide a correct measurement regarding a sample with an abnormal MCV.
[0052] The selection of the whole blood analysis program is preferably made at an early stage of the immune ag-
glutination reaction. Usually, the selection can be made without any problems after the immune agglutination reaction
progresses sufficiently. However, if the concentration of the antigen or antibody in the sample is considerably high, the
agglutinated particles may be mixup with blood cells. In the early stage of the immune agglutination reaction, since the
reaction has not progressed sufficiently, agglutinated particles are not mistaken with blood cells and judgment can be
made rapidly. Here, the early stage of the immune agglutination reaction means a period from the start of the reaction
until the reaction progresses and reaches equilibrium.
[0053] The whole blood analysis can be carried out according to the steps (a) to (d), (a) to (e), (a) to (f) or (a) to (e)
and (g) using a whole blood analysis program. Here, the whole blood analysis program means a program for, if the
amount of the antigen or antibody calculated simply from the degree of agglutination reflects the blood cell components
in a whole blood sample and shows a lower value, correcting the calculated amount of the antigen or antibody in
consideration of the blood cell components to convert it into a value equivalent to the amount of the antigen or antibody
obtained by the serum analysis.
[0054] More particularly, the degree of agglutination is obtained by the above steps (a) to (d), steps (a) to (e) or steps
(a) to (f) or steps (a) to (e) and (g), the concentration of the antigen or antibody is optionally measured and further the
correction can be done with reference to the number of blood cells.
[0055] In the present invention, the degree of agglutination and the like are preferably obtained after the reaction
reaches the equilibrium in the viewpoint of accurate measurement.
[0056] The immunoassay of the present invention is now described in further detail by way of examples.

Example 1

[0057] Measurement was conducted using PAMIA-50 (produced by Sysmex Corporation) as a measuring apparatus,
RANREAM (registered) HBsAg (produced by Sysmex Corporation), a HBsAg-negative whole blood sample and a
HBsAg-negative serum sample. RANREAM HbsAg is a reagent kit for measuring HBs antigen and includes a latex
reagent, a buffer, a sample diluent and a calibrator, among which the latex reagent and the buffer were used in this
example. The latex reagent is a 0.5% (w/v) suspension of 0.8µm polystyrene latex sensitized with an anti-HBs antibody.
[0058] Each sample, 10µL, was mixed with 80µL of the buffer (pH6) and incubated at 45°C for a minute. The poly-
styrene latex sensitized with the anti-HBs antibody, 10µL, was added thereto to start the reaction at 45°C. In the case
where the whole blood sample was used, the amount of the sample was 13 µL for allowing for the hematocrit content.
[0059] About 20 seconds after the reaction was started, 19µL of the reaction mixture were added to 950 µL of a
sheath liquid into a 51-fold dilution. The diluted reaction mixture was introduced to an optical detector of PAMIA-50 to
measure the agglutination degree P/T (%) (T1).
[0060] About 15 minutes after the reaction was started, the agglutination degree P/T (%) (T2) was measured in the
same manner as the agglutination degree P/T (%) (T1).
[0061] T1 was the agglutination degree in the early stage of the reaction and was used for judging whether or not
the sample was within a measurement range. Usually, T2 is used as the agglutination degree (agglutination ratio) of
the sample.
[0062] The measurement showed unagglutinated particles had a peak of forward scattered light intensity at about
30 channel (ch). The forward scattered light intensity is represented by a channel number (ch). From the forward
scattered light intensity distribution, a forward scattered light intensity of 62 ch was set as a threshold for distinguishing
the unagglutinated particles from agglutinated particles.
[0063] In the case of the whole blood measurement, strong signals were recognized at 255 ch or higher forward
scattered light intensity. However, in the case of the serum measurement, almost no signals were recognized at 255

C = CO / {1 - (B/A) 3 (MCV/D)} (II)
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ch or higher. Accordingly, when the agglutination degree was judged on the basis of all signal data about the whole
blood sample, a positive judgement was obtained. But, when the agglutination degree was judged by excluding data
about 255 ch or higher, a negative judgement was obtained correctly, as shown on Table 1.

[0064] From these results, the threshold between the agglutinated particles and blood cells was set at 255 ch, and
data about 255 ch or higher were judged as those about blood cells and excluded from the number of agglutinated
particles (the number of particles on or above the threshold between the unagglutinated particles and the agglutinated
particles). The agglutination degree was determined on the whole blood sample and the serum sample (control) for
comparison. The results are shown in Table 2. In addition, a cut-off value was set to 1.5 %.

[0065] As seen in the above table, good results were obtained with the judgement agreeing between the whole blood
sample and the serum sample.

Example 2

[0066] A whole blood sample was measured using PAMIA-50 (produced by Sysmex Corporation) as a measuring
apparatus and RANREAM FRN (produced by Sysmex Corporation) as a measurement reagent. RANREAM FRN is a
reagent kit for measuring ferritin (FRN) antigen and includes a latex reagent, a buffer, a sample diluent and a calibrator.
The latex reagent is a 0.5 % (w/v) suspension of 0.8µm polystyrene latex sensitized with an anti-FRN antibody.
[0067] The sample, 10 µL, was mixed with 80µL of the buffer (pH6) and incubated at 45°C for a minute. The latex
reagent sensitized with the anti-FRN antibody, 10µL, was added thereto to start the reaction at 45°C.
[0068] About 20 seconds after the reaction was started, 19µL of the reaction mixture were added to 950µL of a
sheath liquid into a 51-fold dilution. The diluted reaction mixture was introduced to an optical detector of PAMIA-50 to
measure the agglutination degree P/T (%) (T1).
[0069] About 15 minutes after the reaction was started, the agglutination degree P/T (%) (T2) was measured in the
same manner as the agglutination degree P/T (%) (T1).
[0070] The measurement showed that unagglutinated particles had a peak of forward scattered light intensity at
about 30 ch. From the forward scattered light intensity distribution, a forward scattered light intensity of 62 ch was
determined as a threshold for distinguishing the unagglutinated particles from agglutinated particles.
[0071] In the case of the whole blood measurement, strong signals were recognized at 255 ch or higher forward
scattered light intensity. However, in the case of the serum measurement, almost no signals were recognized at 255
ch or higher. Accordingly, the threshold between the agglutinated particles and the blood cells was set to 255 ch, data
about 255 ch and higher were recognized to be data about blood cells. The numbers of unagglutinated particles,

Table 1

Whole blood Serum
(control)

The number of unagglutinated particles (0-62ch) 108590 107943

The number of agglutinated particles 1 (62-254ch) 456 550

The number of agglutinated particles 2 (255ch or more) 23084 24

P/T% (using data 1 ) 0.4%(-) 0.5%(-)

P/T% (using data 1 & 2 ) 21.7%(+) 0.5%(-)

Table 2

Whole blood Judgment Serum
(control)

Judgment

Sample 1 27.22% + 34.98% +

Sample 2 13.99% + 15.17% +

Sample 3 8.93% + 9.89% +

Sample 4 0.61% - 0.62% -

Sample 5 0.64% - 0.57% -

Sample 6 0.57% - 0.58% -
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agglutinated particles and blood cells were obtained and P/T (%) was determined from the number of unagglutinated
particles and the number of agglutinated particles.
[0072] Separately, a calibration curve was produced beforehand by conducting the same measurement using a sam-
ple diluent (as a calibrator with a concentration of 0) and a calibrator containing a known concentration of FRN.
[0073] The P/T (%) obtained above was converted to a FRN concentration in the whole blood sample using the
produced calibration line.
[0074] Subsequently, the correction was carried out using the following, formula.

Here, A was set to 45,000 from the correlation between the hematocrit value and the number of blood cells obtained
beforehand. Table 3 shows measurement results about 20 samples.

[0075] In Sample No.6, the blood cell components settled and the supernatant was sucked. However, it showed a
good results by the correction without exhibiting higher values.
[0076] Fig. 4 is a graphical representation showing a correlation between the concentration in serum (control) and
the concentration in whole blood. The correlation is good, but the concentration in the whole blood is lower than the
concentration in the serum.
[0077] Fig. 5 is a graphical representation showing a correlation between the concentration in serum and the cor-
rected value. The correlation is good, and the same value as obtained in serum was obtained.

Table 3

Sample No. Conc. in serum
(Control)
(ng/ml)

Conc. in whole blood
(ng/ml)

The number of blood cells Corrected value
(ng/ml)

1 145.91 71.02 21683 137.06

2 106.94 54.38 19492 95.93

3 31.21 15.99 21457 30.56

4 45.08 22.07 21455 42.18

5 80.11 40.36 20495 74.12

6 19.93 15.89 1525 16.45

7 43.76 23.99 20347 43.79

8 178.49 85.86 22794 173.99

9 124.49 68.50 18541 116.50

10 24.20 15.54 17115 25.08

11 129.37 62.68 23975 134.15

12 75.68 39.21 20147 71.00

13 132.65 65.87 21130 124.18

14 19.93 4.67 18934 8.06

15 66.40 30.33 22641 61.04

16 38.42 20.88 19805 37.29

17 53.00 27.02 21414 51.55

18 16.07 7.98 16039 12.40

19 7.12 3.74 19436 6.58

20 81.87 41.06 20231 74.60

C = CO / (1 - B/A)
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Example 3

[0078] A whole blood sample and a serum sample were measured using RANREAM HbsAg (produced by Sysmex
Corporation) and PAMIA-50 (produced by Sysmex Corporation). RANREAM HbsAg and a latex reagent were the same
as used in Example 1.
[0079] A calibrator was a solution containing a known concentration of HBsAg and was able to be handled as a
serum sample.
[0080] Each sample, 10µL, was mixed with 80µL of the buffer (pH6) and incubated at 45°C for a minute. The latex
reagent sensitized with the anti-HBs antibody, 10µL, was added thereto to start the reaction at 45°C.
[0081] About 20 seconds after the reaction was started, 19µL of the reaction mixture were added to 950µL of a
sheath liquid into a 51-fold dilution. The diluted reaction mixture was introduced to an optical detector of PAMIA-50 to
measure the agglutination degree P/T (%) (T1).
[0082] About 15 minutes after the reaction was started, the agglutination degree P/T (%) (T2) was measured in the
same manner as the agglutination degree P/T (%) (T1).
[0083] The calibrator and the whole blood sample were measured beforehand, and the threshold for distinguishing
unagglutinated particles from agglutinated particles was set at an forward scattered light intensity of 62 ch from the
forward scattered light intensity distribution. Also the threshold between agglutinated particles and blood cells was set
at 255 ch.
[0084] The border blood cell number for selecting the serum analysis program or the whole blood analysis program
was set to 200 (number counted regarding 255 ch or higher).
[0085] The serum/whole blood judgement for selecting the serum analysis program or the whole blood analysis
program may be conducted after the immune agglutination reaction progresses sufficiently, but in this example, the
judgement was conducted when T1 was measured. When T1 was measured, the immune agglutination reaction did
not progress sufficiently and it was unlikely that data about agglutinated particles by the immune reaction were mixed
with data about 255 ch or higher, especially when the concentration of the antigen or antibody in the sample is con-
siderably high. Thus, it was advantageous to make the judgement in the early stage of the reaction.
[0086] Next, five whole blood samples and five serum samples were measured at random and the judgement was
made. The results are shown in Table 4. In the "judgement" column of Table 4, "serum" is entered when a sample was
judged as a serum sample and the serum analysis program was used, and "whole blood" is entered when a sample
was judged as a whole blood sample and the whole blood analysis program was used.

[0087] As seen in the above table, the judgement of "serum" or "whole blood" was correctly made with regard to all
the samples. On the basis of this judgement, the serum analysis program or the whole blood analysis program was
selected and the agglutination degree was calculated according to the selected analysis program.

Example 4

[0088] The measurement was carried out on 21 whole blood samples including a sample with an abnormal MCV in
the same manner as in Example 2. The MCV and Hct (hematocrit) values were obtained beforehand using a fully
automated blood cell analyzer XE-2100 (produced by Sysmex Corporation).

Table 4

Sample No. Count about 255ch Judgment

No.1 (Serum) 49 Serum

No.2 (Whole blood) 16366 Whole blood

No.3 (Whole blood) 15653 Whole blood

No.4 (Serum) 18 Serum

No.5 (Serum) 27 Serum

No.6 (Serum) 25 Serum

No.7 (Whole blood) 18196 Whole blood

No.8 (Whole blood) 17754 Whole blood

No.9 (Whole blood) 13864 Whole blood

No. 10 (Serum) 45 Serum
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[0089] The obtained measurements were handed as follows:

- Not corrected (Conc. of FRN),
- Corrected only with the number of blood cells (C=CO/(1-B/A)) (Corrected by blood number),
- Corrected using the hematocrit value (C=CO/(1-Hct)) (Corrected by HCT),
- Corrected with the MCV and the number of blood cells (C=CO/{1-(B/A)3(MCV/D)}) (Corrected by MCV & blood

number).

[0090] In this example, A was calculated to be 46000 from the correlation between the hematocrit value and the
number of blood cells. D was set to 90.
[0091] The measurement results are shown in Table 5.

[0092] Figs. 6 to 9 are graphical representations showing correlations with the concentration in serum plotted as
control.
[0093] The correlation before correction (Fig. 6) has a small inclination owing to influence of the blood cell compo-
nents. A sample with settled blood cell components has a far higher value.
[0094] In the correlation after correction with the number of blood cells (Fig. 7), the influence of the hematocrit value

Table 5

Conc. of
FRN in
serum

In Whole blood

HCT MCV Conc. of
FRN

255ch or
more

Corrected by

blood number HCT MCV & blood
number

1 104.72 44.3% 97.4 51.69 18541 86.59 92.80 91.68

2 48.09 42.4% 88.1 27.35 20808 49.94 47.48 49.08

3 132.69 41.5% 93.7 70.40 17759 114.67 120.34 117.71

4 189.19 47.1% 87.5 103.73 22083 199.51 196.09 194.52

5 28.71 52.5% 91.0 13.88 23506 28.39 29.22 28.72

6 72.84 40.2% 91.8 67.28 1227 69.12 112.51 69.16

7 195.49 44.6% 95.9 102.52 19440 177.55 185.05 186.50

8 44.53 42.4% 93.8 42.16 1208 43.29 73.19 43.34

9 67.48 43.0% 89.2 36.97 20408 66.46 64.87 65.99

10 71.74 33.1% 66.7 49.63 20154 88.34 74.17 73.50

11 85.71 53.6% 89.6 40.78 24520 87.33 87.89 86.89

12 73.70 46.0% 89.5 38.00 21835 72.33 70.36 71.97

13 311.42 44.9% 110.2 179.96 17051 285.96 326.85 329.53

14 237.78 42.6% 95.7 135.21 18380 225.18 235.55 235.09

15 42.37 40.4% 95.3 24.25 17723 39.44 40.68 40.96

16 33.41 47.7% 86.3 17.71 23220 35.76 33.86 34.32

17 207.99 48.4% 95.5 108.61 21223 201.65 210.49 212.79

18 91.70 43.6% 95.4 88.14 1799 91.73 156.28 91.95

19 248.52 48.6% 91.4 132.09 22654 260.27 256.99 264.26

20 5.88 34.4% 86.6 6.58 1674 6.83 10.03 6.82

21 19.81 48.2% 99.4 10.49 20343 18.81 20.26 20.51
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is corrected and the inclination approaches to 1. Although there is practically no problem with this correlation, a sample
with a low MCV value has a little higher value and a sample with a high MCV value has a litter lower value.
[0095] In the correlation after correction with the hematocrit value (Fig. 8), the influence of the hematocrit value is
corrected and the inclination approaches to 1. A sample with settle blood cell components is mistakenly corrected to
have a far higher value.
[0096] In the correlation after correction with the MCV value and the number of blood cells, the influence of the
hematocrit value is corrected and the inclination approached to 1. This shows the best correlation, and even the sample
with an abnormal MCV and the sample with settled blood cell components are properly corrected.
[0097] According to the present invention, whole blood itself can be used as a sample without pre-treatment, and
an accurate and simple immunoassay can be realized.
[0098] Also, according to the present invention, in the whole blood immunoassay, the concentration of an antigen or
antibody in whole blood can be easily corrected to the same value as the concentration in serum without need to
measure the hematocrit value separately.
[0099] Further, where blood cell components in a sample settle; the correction can be made without being affected
by that.
[0100] Also, by simultaneously measuring the concentration of an antigen or antibody and counting blood cells in a
whole blood sample and correcting the concentration of the antigen or antibody by the correction formula using the
count of blood cells, it is possible to eliminate the influence by decrease of the plasma component due to a blood cell
volume in the sample, the influence being such that the concentration of the antigen or antibody is calculated to be a
lower value. Thus, accurate measurements can be obtained.
[0101] Furthermore, according to the present invention, it is possible to measure a sample without need to pay
attention to the type of the sample, that is, a whole blood type or a serum type. Also, since the type of each sample
need not be input, errors in inputting can be avoided, and also an analysis program can be properly selected as suitable
for each sample. Thus, the reliability and accuracy of measurement results can be improved.

Claims

1. An immunoassay comprising the steps of:

(a) mixing a whole blood sample with insoluble carrier particles sensitized with an antigen or antibody and
having a size that allows said particles to be distinguished from blood cells to cause an immune agglutination
reaction;
(b) introducing the resulting immune agglutination reaction mixture including agglutinated particles and unag-
glutinated particles to a flow cell, irradiating the particles passing through the flow cell with laser light, and
detecting scattered lights generated thereby;
(c) setting a threshold value for distinguishing unagglutinated particles from agglutinated particles and a thresh-
old value for distinguishing the agglutinated particles from blood cells with regard to intensity of the scattered
light; and
(d) distinguishing and counting the unagglutinated particles, the agglutinated particles and the blood cells from
the scattered lights detected in the step (b), in reference to the threshold values set in the step (c).

2. An immunoassay according to claim 1 further comprising (e) calculating a degree of agglutination from the number
of the unagglutinated particles and the number of the agglutinated particles, converting the degree of agglutination
into the concentration of an antigen or antibody in the whole blood sample using a calibration line produced be-
forehand.

3. An immunoassay according to claim 2 further comprising (f) correcting the concentration of the antigen or antibody
according to the number of the blood cells.

4. An immunoassay according to claim 3, wherein, the correction is made by use of the following formula:

wherein C is a corrected value, CO is the concentration of the antigen or antibody in the whole blood sample, B
is the number of blood cells and A is a value counted when the hematocrit value is supposed to reach 100%.

C = CO / (1-B/A),
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5. An immunoassay according to claim 1 or 2 further comprising (g) obtaining a mean corpusculer volume (MCV) in
the whole blood sample, wherein the concentration of the antigen or antibody is corrected according to the MCV
measurement and the number of the blood cells.

6. An immunoassay according to claim 5, wherein the mean corpusculer volume (MCV) is obtained from the scattered
lights detected in the step (b), in reference to the threshold values set in the step (c).

7. An immunoassay according to claim 5, wherein correction according to the MCV measurement and the number
of blood cells is made by use of the following formula:

wherein C, CO, A and B are the same as defined above, MCV is the MCV measurement of the sample and D is
a value of MCV measurement of normal samples.

8. An immunoassay according to claim 1, wherein the scattered light is forward scattered light.

9. An immunoassay according to claim 1, wherein the size of the insoluble carrier particles is 0.1µm to 1.0µm.

10. An immunoassay according to claim 1, wherein, in the step (a), the temperature is from 20 to 50°C and the time
is from 15 seconds to 20 minutes.

11. An immunoassay according to Claim 1 which is conducted by use of an apparatus for a counting immunoassay
utilizing a principle of flow cytometry.

12. An immunoassay apparatus comprising:

a reaction part for mixing a whole blood sample with insoluble carrier particles sensitized with an antigen or
antibody and having a size that allows said particles to be distinguished from blood cells to cause an immune
agglutination reaction;

a dispensing mechanism for introducing the resulting immune agglutination reaction mixture including agglu-
tinated particles and unagglutinated particles to a flow cell,

a laser for irradiating the particles passing through the flow cell with laser light, and

a photo acceptance unit for detecting scattered light generated thereby,

signal processing means for converting a light signal to an electrical signal,

data processing means for setting a threshold value for distinguishing unagglutinated particles from aggluti-
nated particles and a threshold value for distinguishing the agglutinated particles from blood cells with regard
to signal based on intensity of the scattered light; and for distinguishing and counting the unagglutinated par-
ticles, the agglutinated particles and the blood cells according to the set threshold values.

13. An immunoassay apparatus according to claim 12, further comprising:

calculating means for calculating a degree of agglutination from the number of the unagglutinated particles
and the number of the agglutinated particles, converting the degree of agglutination into the concentration of
an antigen or antibody in the whole blood sample using a calibration line produced beforehand; and correcting
the concentration of the antigen or antibody according to the number of the blood cells.

Patentansprüche

1. Immunassay, umfassend die Schritte:

C = CO / {1-(B/A) 3 (MCV / D)},
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(a) Mischen einer Vollblutprobe mit unlöslichen Trägerpartikeln, sensitiviert mit einem Antigen oder Antikörper
und mit einer Grösse, welche es ermöglicht, besagte Partikel von Blutzellen zu unterscheiden, um eine Im-
munagglutinationsreaktion zu bewirken;

(b) Einbringen der resultierenden Immunagglutinations-Reaktionsmischung, enthaltend agglutinierte Partikel
und nicht-agglutinierte Partikel, in eine Durchflusskammer, Bestrahlen der durch die Durchflusszelle hindurch-
tretenden Partikel mit Laserlicht, und Detektieren von dadurch generiertem gestreuten Licht;

(c) Setzen eines Grenzwerts zur Unterscheidung nicht-agglutinierter Partikel von agglutinierten Partikeln und
eines Grenzwerts zur Unterscheidung agglutinierter Partikel von Blutzellen in bezug auf die Intensität des
gestreuten Lichts; und

(d) Unterscheiden und Zählen der nicht-agglutinierten Partikel, der agglutinierten Partikel und der Blutzellen
anhand des gestreuten Lichts, welches in Schritt (b) detektiert wurde, im Verhältnis zu den Grenzwerten, die
in Schritt (c) gesetzt wurden.

2. Immunassay gemäss Anspruch 1, weiter umfassend (e) Berechnen eines Grades der Agglutination aus der Anzahl
der nicht-agglutinierten Partikel und der Anzahl der agglutinierten Partikel, Umwandeln des Grades der Aggluti-
nation in die Konzentration eines Antigens oder Antikörpers in der Vollblutprobe unter Verwendung einer zuvor
hergestellten Kalibrierungskurve.

3. Immunassay gemäss Anspruch 2, weiter umfassend (f) Korrigieren der Konzentration des Antigens oder Antikör-
pers entsprechend der Anzahl der Blutzellen.

4. Immunassay gemäss Anspruch 3, wobei die Korrektur durch Verwendung der folgenden Formel durchgeführt wird:

wobei C ein korrigierter Wert, CO die Konzentration des Antigens oder des Antikörpers in der Vollblutprobe, B die
Anzahl von Blutzellen und A ein Wert ist, der gezählt wird, wenn der Hämatokritwert als 100 % angenommen wird.

5. Immunassay gemäss Anspruch 1 oder 2, weiter umfassend (g) Bestimmen eines durchschnittlichen Korpuskular-
volumens (MCV) in der Vollblutprobe, wobei die Konzentration des Antigens oder Antikörpers entsprechend der
MCV-Messung und der Anzahl der Blutzellen korrigiert wird.

6. Immunassay gemäss Anspruch 5, wobei das durchschnittliche Korpuskularvolumen (MCV) aus dem in Schritt (b)
gemessenen gestreuten Licht, im Verhältnis zu den in Schritt (c) gesetzten Grenzwerten erhalten wird.

7. Immunassay gemäss Anspruch 5, wobei die Korrektur entsprechend der MCV-Messung und der Anzahl von Blut-
zellen unter Verwendung der folgenden Formel durchgeführt wird:

wobei C, CO, A und B wie oben definiert werden, MCV die MCV-Messung der Probe und D der Wert der MCV-Mes-
sung von normalen Proben ist.

8. Immunassay gemäss Anspruch 1, wobei das gestreute Licht vorwärtsgestreutes Licht ist.

9. Immunassay gemäss Anspruch 1, wobei die Grösse der unlöslichen Trägerpartikel 0,1 bis 1,0 µm beträgt.

10. Immunassay gemäss Anspruch 1, wobei in Schritt (a) die Temperatur zwischen 20 und 50°C liegt und die Zeit von
15 Sekunden bis 20 Minuten beträgt.

11. Immunassay gemäss Anspruch 1, welcher unter Verwendung einer Vorrichtung zur Zählung eines Immunassays,
die das Prinzip der Durchflusszytometrie verwendet, durchgeführt wird.

C = CO / (1-B/A)

C = CO / {1-(B/A) 3 (MCV / D)}
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12. Immunassay-Vorrichtung, umfassend:

einen Reaktionsteil zum Mischen einer Vollblutprobe mit unlöslichen Trägerpartikeln, sensitiviert mit einem
Antigen oder Antikörper und mit einer Grösse, welche es ermöglicht, besagte Partikel von Blutzellen zu un-
terscheiden, um eine Immunagglutinationsreaktion zu bewirken,

einen Verteilungsmechanismus, um die resultierende Immunagglutinations-Reaktionsmischung, umfassend
agglutinierte Partikel und nicht-agglutinierte Partikel, in eine Durchflusskammer einzuführen,

einen Laser zum Bestrahlen der Partikel, welche durch die Durchflusszelle hindurchtreten, mit Laserlicht, und

eine Lichterfassungseinheit zum Messen von dadurch generiertem gestreuten Licht,

Signalverarbeitungsmittel zum Umwandeln eines Lichtsignals in ein elektrisches Signal,

Datenverarbeitungsmittel zum Setzen eines Grenzwerts zur Unterscheidung nicht-agglutinierter Partikel von
agglutinierten Partikeln und eines Grenzwerts zur Unterscheidung agglutinierter Partikel von Blutzellen im
Hinblick auf ein Signal, basierend auf der Intensität des gestreuten Lichts; und zur Unterscheidung und zum
Zählen der nicht-agglutinierten Partikel, der agglutinierten Partikel und der Blutzellen entsprechend den ge-
setzten Grenzwerten.

13. Immunassay-Vorrichtung gemäss Anspruch 12, weiter umfassend:

Berechnungsmittel zur Berechnung eines Grades der Agglutination aus der Anzahl der nicht-agglutinierten
Partikel und der Anzahl der agglutinierten Partikel, Umwandeln des Grades der Agglutination in die Konzen-
tration eines Antigens oder Antikörpers in der Vollblutprobe unter Verwendung einer zuvor angefertigten Ka-
librierungskurve; und Korrektur der Konzentration des Antigens oder Antikörpers entsprechend der Anzahl
der Blutzellen.

Revendications

1. Immunoessai comprenant les étapes consistant à :

(a) mélanger un échantillon de sang total avec des particules supports insolubles sensibilisées avec un anti-
gène ou un anticorps, et ayant une taille qui permet auxdites particules d'être distinguées des cellules san-
guines pour provoquer une réaction d'agglutination immunitaire ;
(b) introduire le mélange réactionnel d'agglutination immunitaire résultant, comprenant des particules agglu-
tinées et des particules non agglutinées, dans une cellule d'écoulement, à irradier les particules traversant la
cellule d'écoulement avec une lumière laser, et à détecter les diffractions de la lumière ainsi créées ;
(c) fixer une valeur de seuil pour distinguer les particules non agglutinées des particules agglutinées, et une
valeur de seuil pour distinguer les particules agglutinées des cellules sanguines en ce qui concerne l'intensité
de la diffraction de la lumière ; et
(d) distinguer et compter les particules non agglutinées, les particules agglutinées et les cellules sanguines à
partir des diffractions de la lumière détectées dans l'étape (b), relativement aux valeurs de seuil fixées dans
l'étape (c).

2. Immunoessai selon la revendication 1, comprenant en outre (e) le calcul d'un degré d'agglutination à partir du
nombre des particules non agglutinées et du nombre des particules agglutinées, la conversion du degré d'agglu-
tination en la concentration d'un antigène ou d'un anticorps dans l'échantillon de sang total en utilisant une ligne
d'étalonnage produite au préalable.

3. Immunoessai selon la revendication 2, comprenant en outre (f) la correction de la concentration de l'antigène ou
de l'anticorps selon le nombre des cellules sanguines.

4. Immunoessai selon la revendication 3, dans lequel la correction est faite par utilisation de la formule suivante :
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dans laquelle C est une valeur corrigée, CO est la concentration de l'antigène ou de l'anticorps dans l'échan-
tillon de sang total, B est le nombre de cellules sanguines et A est une valeur comptée lorsqu'on suppose que la
valeur de l'hématocrite atteint 100 %.

5. Immunoessai selon la revendication 1 ou 2, comprenant en outre (g) l'obtention d'un volume globulaire moyen
(VGM) dans l'échantillon de sang total, dans lequel la concentration de l'antigène ou de l'anticorps est corrigée
selon la mesure du VGM et le nombre des cellules sanguines.

6. Immunoessai selon la revendication 5, dans lequel le volume globulaire moyen (VGM) est obtenu à partir des
diffractions de la lumière détectées dans l'étape (b), relativement aux valeurs de seuil fixées dans l'étape (c).

7. Immunoessai selon la revendication 5, dans lequel la correction selon la mesure du VGM et le nombre de cellules
sanguines est faite par utilisation de la formule suivante :

dans laquelle C, CO, A et B sont les mêmes que ceux définis ci-dessus, VGM est la mesure du VGM de
l'échantillon et D est une valeur de la mesure du VGM d'échantillons normaux.

8. Immunoessai selon la revendication 1, dans lequel la diffraction de la lumière est de la pro-diffusion.

9. Immunoessai selon la revendication 1, dans lequel la taille des particules supports insolubles va de 0,1 µm à 1,0 µm.

10. Immunoessai selon la revendication 1, dans lequel, dans l'étape (a), la température va de 20 à 50 °C et le temps
va de 15 secondes à 20 minutes.

11. Immunoessai selon la revendication 1, qui est conduit par l'utilisation d'un appareil pour un immunoessai de comp-
tage utilisant un principe de cytométrie en flux.

12. Appareil pour immunoessai comprenant :

une partie réactionnelle pour mélanger un échantillon de sang total avec des particules supports insolubles
sensibilisées avec un antigène ou un anticorps, et ayant une taille qui permet auxdites particules d'être dis-
tinguées des cellules sanguines pour provoquer une réaction d'agglutination immunitaire ;
un mécanisme de distribution pour introduire le mélange réactionnel d'agglutination immunitaire résultant,
comprenant des particules agglutinées et des particules non agglutinées, dans une cellule d'écoulement ;
un laser pour irradier les particules traversant la cellule d'écoulement avec une lumière laser, et
une unité de photoréception pour détecter la diffraction de la lumière ainsi créée,
des moyens de traitement du signal pour convertir un signal lumineux en un signal électrique,
des moyens de traitement des données pour fixer une valeur de seuil pour distinguer les particules non ag-
glutinées des particules agglutinées, et une valeur de seuil pour distinguer les particules agglutinées des
cellules sanguines, en ce qui concerne le signal basé sur l'intensité de la diffraction de la lumière ; et pour
distinguer et compter les particules non agglutinées, les particules agglutinées et les cellules sanguines selon
les valeurs de seuil fixées.

13. Appareil pour immunoessai selon la revendication 12, comprenant en outre :

des moyens de calcul pour calculer un degré d'agglutination à partir du nombre des particules non agglutinées
et du nombre des particules agglutinées, convertir le degré d'agglutination en la concentration d'un antigène
ou d'un anticorps dans l'échantillon de sang total en utilisant une ligne d'étalonnage produite au préalable ;
et corriger la concentration de l'antigène ou de l'anticorps selon le nombre de cellules sanguines.

C = CO / (1 - B/A),

C = CO / {1 - (B/A) x (VGM/D)},
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免疫测定包括以下步骤：（a）将全血样品与小于红细胞的致敏不溶性载
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并检测由此产生的散射光; （c）设定用于区分未凝集颗粒与凝集颗粒的
阈值和用于区分凝集颗粒与血细胞的关于散射光强度的阈值; （d）参照
步骤（c）中设定的阈值，区分和计数步骤（b）中检测到的散射光中的
未凝集颗粒，凝集颗粒和血细胞。
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