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DESCRIPTION

Immuﬁoassay and Immunoassay Apparatus

Technical Field

The present invention relates to an immunoaésay and
immunoassay apparatus, motre particularly an immunoassay by
use of flow cytometry for analyzing a sample subjected to

immune agglutination and immunoassay apparatus.’

Background Art
For immunoassays on infection disease-related test
i‘tem“s, 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

centrifugaﬁon.

Typical examples of immunoassays include a
radioimmunoassay (RIA), an enzyme immﬁnoassay (EIA) a
particle agglutination immunoassay and a counting
immunoassay. Howéver, RIA aﬁd EIA need B(Bound
form)/F(Free form) se};;aration after antigen-antibédy reaction,
and therefore, require time and labor before the results of the
assays are obtained. |

A particle agglutination immunoassay is advantageous
in that it requirés only the mixing of a sample ‘tol' Be tesféd 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 oper‘ation.

Further, a counting immunoassay which is used serum
or blood plasma and is known as an assay for measuring the
degree of particle agglutination, 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
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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}j. 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. Vol.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.

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 immunoassay that realizes the
obtainment of highly accurate test results. |

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.

For example, Japanese Unexamined Patent Publication
No. HET 10(1998)-48214 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.

However, according to this assay, since the whole blood
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is hemolyzed, hemoglobin or fragments of hemolyzed blood cells

interfere with the turbidimetric immunoassay using optical

means and limit the accuracy of the assay. Therefore, the assay
is not suitable for cases which require relatively high accuracy,
for example, infection disease-related test items.

Whole blood usually contains about 40 to 50 % of blood
cell cemponents in terms of hematocr_ivt 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
serilm, reflecting the amount of blood cell components (a blood
cell volume ratio content). In order to obtain fneasured values
equivalent to those obtained by serum measurement, the values
need to be corrected for the blood eell volume ratio content.

For this purpose, in Japanese Unexémined Patent |
Publication No. HEI 10 (1998)-48214, the hematocrit value is.
separately measured, and the measured values are corrected for
the measured hematocrit value.

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.

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 apparatuses are used
for immunoassays of whole blood samples, the blood cell
components settle and only supernatant is used. The measured
values are not affected seriously by the hematocrit value and
may be not shifted apart to lower values.

In this case, if measured values are corrected for the
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hematocrit Qalue separately measured by a blood cell counter for
whole blood measurement as disclosed in Japanese Unexamined
Patent Publication No. HEI 10 (1998)-48214, the measured
values shift apart to higher values. As a result, precise
measurement results cannot be obtained.

Alternatively, in an apparatus for both whole blood
samples and serum samples which is already available
commercially, a measuring sequence, an analysis proéram 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 ‘gime~ and labor-consuming to designate
the "whole blood measurement” every time when a whole bl‘(l)od
sample is used, and, where whole blood samples and serum
samples ére 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

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.

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

unagglutinated particles to a flow cell, irradiating the particles
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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).

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 ﬁrocessing 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 diétinguishing
and counting the unagglutinated particles, the agglutinated

particles and the blood cells according to the set threshold
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values.

Brief Description of Drawings

Fig. 1 111ustrates a measurement principle of a whole
blood 1mmunoassay 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 inv accordance with the
present invention; |

Fig. 4 is a graphical representation showing a

correlation between a concentration in serum (control) and ‘a

“concentration 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

concentration in whole blood (corrected) in an example 2 of the

‘present invention;

Fig. 6 a graphical representa_tion showing a correlation
between a concentration in serum (control) and a concentration
in whole blood (uncorrécted) in Example 4 of the present
invention; ‘

Fig. 7 is a graphical representation showing a .
correlation between{a‘ concentration in serum (control) and a
concentration 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
concentration in whole blood (corrected with a hematocrit value)
in Example 4 of the present invention;

Fig. 9 is a graphical representation showing a
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correlation between a concentration in serum (control) and a
concentration 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

invention.

Best Mode for Carrying Out the Invention

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
aﬁtiéoagulated and/or diluted with a reaction buffer and the
like.

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-HCI 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
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the reaction buffer, the dilution ratio may suitably be about 5 to
100 (by volume) and may preferably be 10 toVSO. Temperature
and time at and during which the whole blood is mixed with the
reaction buffer may suitably be about 20 to 50C "and about 1 to
5 minutes.

The insoluble carrier particles may be pérticles
immunized, i.e., sensitized with an antigen or Aantibody. 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 dis{inguished from blood cells, especially, erythrocytes.
Since the size of erythrocytes is about 7 to 8 4 m in average
particle diameter in plan view and about 2.2 £ m in thickness,
the insoluble carr‘ier’ particles suitably have a diameter of about
0.1 to 1.0 um. ' The particles are preferably uniform.

The insoluble carrier particlcs can be sensitized by a
method known in the field of art, for example, by physical
adsorption, chemical binding, etc. ’fhe antigen or antibody
used for sensitizing the particies is not particularly limited so
long as it can be detected by utilizing antigen/‘antibody reactioh.
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%.

As regards the immune agglutination reaction, the
above suspénsion 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. Hére, 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.
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In Step (b), scattered lights from the resulting
agglutination reaction mixture are detected.

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, simultane'oﬁsly with the counting
of blood cells. For example, a PAMIA series produced by |
Sysmex Corporation provides measuring apparatuses for
counting immunoassay utilizing the principle of ﬂQW 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.

| 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.

The particle detecting block A is composed mainly of a
sample supply section a and alparticle detecting optical means
b. |

The sample supply section a is provided with a reaction
part such as a reaction plate 1; a dispe;ising mechanism 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 dispénsing
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.

.~ The particle detecting optical means b is provided

mainly with a flow cell 6, a semiconductor laser 7, a beam
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stopper 8, a lens and a photo acceptance unit 10 as shown in Fig.
1. ‘

The signal processing block B is prdyided with a filter
bufferll, a function amplification circuit 12, an emitter 13, an
amplifier 14 and/or the like, 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.

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 particlés
discrimiﬁated bj 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 and/df the like, as required.

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 smaﬂer than erythrocytes to
cause an immune agglutination reaction;

a dispensing mechanism for introducing the resulting
imrhune 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

10
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agglutinated particles frém blood cells with regard to signal
based on intensity of the scattered light; and for distinguishing
and counting the unagglutinated particles, the agglutinated
particles and the blood cells according to the set threshold
values,

The apparatus for realizing the immunoassay apparatus

6_f 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 sémple using a calibration line produced beforehand; and
Correcting the concentration of the antigen or antibody according
to the number of the blood cells.

For the detection of the \scattered. light from the
agglutination reaction mixture inéluding agglutihated particles
and unagglutinated particles, the reaction mixture is flrst
diluted to adjust the concentration of the particles suitably for
counting, subsequentiy the diluted reaction mixture is extfuded ‘
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, preferébly 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 phéto
acceptance unit 10, for example, a photo diode (Fig. 1). As the
laser light, light having a Wavelen\gth 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.

When a particle crosses the laser light, a scattered light

pulse is generated which has an intensity according to the

11
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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. ' ‘

 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 agglutinated particles be‘ca‘use
biood 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 agglutinated particles from blood cells by the
intensity of the scattered light, respectively.(see Fig.3)

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

12
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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 meésuring the intensity of
the scattered light, on the basis of the measured scattered light
data. |

In Step (d), the unagglutinated particles, agglutinated
particles and blood cells are distinguished from each other and
counted with reference to the threshold values. |

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 égglutinated particles P is a count between L1
and L2. The number of the unagglutihated 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 |

If particles not to be measured such as chylomicrons
are present in the sample, these particles are also inciﬁded 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

13
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Japanese Patent No. 2912413).

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.

The degree of agglutination may be represe‘nted by P /
(M + P), wherein P is the number of the agglut’inated‘ pérticles
obtained above and M is the number of the unagglutinated
particles obtained above. The degree of agglutination is the
ratio of the agglutinated particles, which are involved in the
antigeh/antibody reaction, with respect to all the"counted
particles. |

The concentration of the antigen or antibody may be
obtained by use of a calibration curve which is produced
beforehand by obtaining the relafiohship 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 degfees of agglutinaﬁon are determined with
changing the concentration).

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 aﬁtigen 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. |

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:

C=CO /(1 — BJ/A) (D
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

14
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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. Consfant 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.

If the blood cell components of the whole blood sample
settle and the fully automated immunoassay épparatus 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.

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 vl‘o'rovided with both an immunoassay section and a
blood cell counting section is used.

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 can be
obtained, for example, from the scatteréd 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:

C=CO/{l — (B/A) X (MCV/D)} (II)

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

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. |

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,(formqla
(11)) accorciing to MCV can provide a correct measurement
régarding a sample with an abnormal MCV.

fn the present invention, it is possible to subject hot
only whole blood samples but also other types of blood samples.
The blood samplcs here include serum samples, plasma samples
and the like. Preferably; the sample to be assayed is a plurality
of whole blood \samlples, among which a serum sample is -
involved. |

That is, a serum sample can be subjected to steps
corresponding to the above»descfibed steps (a) to ‘(d) for
measuring degree of agglutination , the steps (a) to (e), the éteps
(a) to (f) or steps (a) to (e) and (g)‘.

In the case where a serum sample is subjected to steps
corresponding to the above described steps, the serum do not
usually contain blood cells, and therefore, few blood cells are
counted or only a very small number is obtained if blood cells
are counted. ' In this case, the serum analysis can be carried
out using a serum analysis progrém. Here, the serum analysis
program means a program for calculating P/T as degree of
agglutination, wherein P is the count of agglutinated particles
having been involved in immune reaction, T is the sum of P and

M and M is the count of unagglutinated particles or also a
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program for further calculating the amount of an antigen or an
antibody in a sample from the’degree of agglutination of the
sample using a calibration line obtained beforehand by-
measuring the degree of agglutination of th‘e antigen or antibody
in a known concentration.

The selection of the serum analysis program or the
whole blood analysis program is preferably made at an early
stage of the immune agglutination reaction. Usually, the
sglection can be made without any problems after the immune
agglutination reaction progresses sufficientiy. However, if the
concentration of the antigen or antibody in the sample is
considera‘bly high, the agglutinated particles may mix with blood
cells. In the early stage of the immune agglutination reaction,
since the réaction has not progressed sufficiently, agglutinated
particles are not taken for blood cells and judgment can be made
rapidly. Here, the early stage of the immune agglutination
reaction meané a period from the start of the reaction until the
reaction progresses and reaches equilibrium.

In case where the serum analysis program is used, it is
preferable to set'a border blood cell number for recognition of
either the serum or the whole blood, and recogniz.ing the serum
if the number of blood cells is not larger than or below the set
border number. ‘

On the other hand, in the case where a whole blood
sample is used, a large number of blood cells are counted.
Therefore, in this case, 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
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the blood cell components to convert it into a value equivélent to
the amount of the antigen or antibody obtained by the serum
analysis‘.

- 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.
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.

The immunoassay of the pres'e‘nt invehtjon is now
described in further detail by way of examples. '
Example 1

Measurement was conducted using PAMIA-50 (produced
by Sysmex Corporation) as a measuring apparatus, RANREAM‘
(registered) HBsAg (produced by Sysmex Corporation),l 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 0.8 # m polystyrene latex sensitized with an
anti-HBs antibody.

Each sampie, 10 # L, was mixed with 80 4 L' of the buffer
(pH6) and incubated at 45C for a ﬁiinute. The polystyrene
latex sensitized with the anti-HBs antibody, 10 4 L, 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
w L for allowing for the hematocrit content.

About 20 seconds after the reaction was started, 194 L

of the reaction mixture were added to 950 4L L of a sheath liquid
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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). .

| ~ 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).

v"I‘l 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.

The rﬁeasurement showed unagglutinated particles had
a peak of forwafd_ scattered light intensity at about 30 channel
(ch). The forward scattered light intenéity is represented by a
channel number (ch). From the forward scattered light intensity
distribution, a forward scattered light intensity bf 62 ch was set
as a threshold for distinguishing the unagglutinated particles
from agglutinated particlés. | |

In the case of the whole blood measurement, sfrong :
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, when the agglutination degree was judged on the
basis of all signal data about the whole blood sample, a positive
judgément 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.
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Table 1 |

Whole blood | Serum

(control)

The number of unagglutinated 108590 - 107943
particles (0-62ch) ‘
The number of agglutinated 456 550
particles D(62-254ch)
The number of agglutinated 23084 24
particles @(255ch or more)
P/T% (using data®) 0.4%(-) 0.5%(-)
P/T% (using data®D&®) 21.7%(+) 0.5%(-)

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 %.

Table 2 , ' .
' Whole Judgment |Serum - | Judgment
blood (control) .

Sample 1 |27.22% + 34.98% +
Sample 2 | 13.99% + 15.17% +
Sample 3 [8.93% + 9.89% +
Sample 4 10.61% - 0.62% -
Sample 5 [0.64% - 0.57% -
Sample 6 |0.57% - 0.58% -

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
A whole blood saniple was measured using PAMIA-50

(produced by Sysméx Corporation) as a measuring apparatus

and RANREAM FRN (produced by Sysmex Corporation) as a
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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) suspénsion of 0.8 L m polystyrene latex sensitized
with an anti-FRN éntibody.
\The sample, 104 L, was mixed with 80 1 L of the buffer
(pH6) and incubated at 45T for a minute. The latex reagent
sensitized with the an\ti-‘F'RN antibody, 10 ;u‘L, was added thereto
to start the reaction at 45C. |
About 20 seconds after the reaction was started, 191 L
of the reaction mixture were addedyto 950 4 L 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). | |
| About 15 minutes after the reac’gion was started, ihe
agglutination degree P/T (%) (T2) was measured in the same
manner as the agglutination degree P/T (%) (T1).
:  The measurement showed that unagglutinated particles

had a péak of forward scattered light intensity at about 30 ch.

' From the forward scattered light intensity distribution, a forward

scattef;d light intensity of 62 ch was determined as a threshold
for distinguishing the unagglutinated particles from agglutinated
particles. 3

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 I.neasvurement,

almost no signals were recognized at 255 ch or higher.

| Accordingly, the threshold between the agglutinated parﬁcles

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, agglutinated particles and
blood cells were obtained and P/T (%) was determined from the

number of unagglutinated particles and the number of
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Separately, a calibration curve was produced

beforehand by conducting the same measurement using a

sample diluent (as a calibrator with a concenfration of 0) and a

5 calibrator containing a known concentration of FRN.

The P/T (%) obtained above was converted to a FRN

concentration in the whole blood sample using the produced

calibration line.

Subsequently, the correction was carried out using the

10 following formula.
C=CO /(1 — B/A)

Here, A was set t0.45,000 from the correlation between the

hematocrit value and the number of blood cells obtained

beforehand.

15 samples.

Table 3 shows measurement results about 20

Table 3
Sample | Conc. in Conc. in The number | Corrected
No. serum whole blood | of blood value
(Control) (ng/ml) cells (ng/ml)
(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 174.12
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
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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.

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 th‘e;’
concentration in the whole blood is lower than the concentration
in the serum.

Fig. 5 is a graphical‘representation showing a
correlation between the concentration in serum and the
corrected value. The correlation is good, and the same value as
obtained in serum was obtained.

Eéample 3

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.

A calibrator was a solution containing a known
concentration of HBsAg and was able to oe handled as a serum
sample. : L

Each sample, 104 L, was mixed with 804 L of the buffer |
(pH6) and incubated at 45°C for a minute. The l'a"cex reagent |
sensitized with the anti-HBs antibody, 10 # L, was added thereto
to start the reaction at 45C.

About 20 seconds after the reaction was started, 194 L
of the reaction mixture were added to 950 £ L 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).

About 15 minutes after the reaction was started, the

agglutination degree P/T (%) (T2) was measured in the same
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manner as the agglutination degree P/T (%) (T1).

They 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 agglutinatéd particlés and blood cells was set af 255 ch.

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).

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
progfesses 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 {)vas unlikely that data about agglutinated particles by the
immune reaction were mixed with data about 255 ch or higher,
especially&vhen the concentration of the antigen or antibody in

the sample is considerably high. Thus, it was advantageous to

make the judgement in the early stage of the reaction.

Next, five whole blood samples and five serum saniples
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 jﬁdged 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.
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Table 4

Sample No. Count about 255ch Judgment
No.l (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

As seen in the abéve table, the judgement of "serum" or
"whole blood" was correctly made With regard to all the samples.
On the basis of this judgement, tlle serum analysis program or
the whole blood analysis program was selected and the | »
agglutination degree was calculated according to the selected

analysis program.

Exémple 4

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)jvalues‘
were obtained beforehand using a fully automated blood cell
analyzer XE-2100 (produced by Sysmex Corporation).

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 ﬁsing 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)X(MCV/D})}) (Cbrrected by MCV & blood number).

In this example, A was calculated to be 46000 from the

correlation between the hematocrit value and the number of
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The measurement results are shown in Table 5.

Table 5
In Whole blood
Corrected by
Conc.
FRN 255ch MCV &
i Conc.| or blood blood
serum| HCT [ MCV [of FRN|more [number| HCT |number
1 [104.72/144.3%| 97.4 |51.69|18541| 86.59 | 92.80 | 91.68
2 148.09142.4%| 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 [189.1947.1%| 87.5 [103.73|122083{ 199.51 | 196.09 | 194.52
5 [28.71]52.5%| 91.0 [13.88|23506| 28.39 | 29.22 | 28.72
6 |72.84140.2%| 91.8 |67.28 1227 | 69.12 |112.51 | 69.16
| 7 1195.49/44.6%| 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
9 167.48143.0%)] 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
11 185.71|53.6%| 89.6 {40.78|24520| 87.33 | 87.89 | 86.89
12 173.70146.0%| 89.5 |38.00|21835| 72.33 | 70.36 | 71.97
13 1811.42[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
15 142.37140.4%| 95.3 |24.25[17723] 39.44 | 40.68 | 40.96
16 |33.41147.7%)| 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 |91.70 143.6%]| 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
21 119.81 {48.2%} 99.4 110.49120343] 18.81 [ 20.26 | 20.51
5 Figs. 6 to 9 are graphical representations showing
-correlations with the concentration in serum plotted as control.
The correlation before correction (Fig. 6) has a small
inclination owing to influence of the blood cell components. A
sample with settled blood cell components has a far higher
10 value. |

In the correlation after correction with the number of

blood cells (Fig. 7), the influence of the hematocrit value is

corrected and the inclinatién approaches to 1. Although there

is practically no problem with this correlation, a sample with a
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low MCV value has a little higher value and a sample with a high
MCYV value has a litter lower value.

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 cofnponents is mistakenly corrected to have a far higher
value. |

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.

According to the present invention, whole blood it‘sélf
can be used as a sample without pre-treatment, and an accurate
and ‘simplle immunoassay can be realized. |

Also, according to the present invention, in the whole
blpod immunoassay, the concentration of an antigeh 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.

Further, where blood cell components in a sample settle;
the correction can be made without being affected by that.

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.
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Furthermore, according to the preks‘en‘t 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,

5 errors in inputting can be avoided, and also an analysis program
can be properly selected as suitable for each sample. Thus, the
:reliability and accﬁracy of measurement results can be

improved.

28



WO 01/96868 PCT/JP01/04917

10

15

20

25

30

CLAIMS

1. 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
unagglutinated 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 partiéles 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 (cj.

2. ~An immunoassay according to claim 1 further

comprising (e) calculating a degree of agglutination form 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.

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 acycording to claim 3, wherein the

29



WO 01/96868 PCT/JP01/04917

10

15

20

25

30

correction is made by use of the following formula:
C=CO/(1-B/A),
wherein C is a corrected Valﬁe, CO is the concentration of the

antigen or antibody ih the whole blood sample, B is the number

of blood cells and A is a constant.

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 measﬁrement and

‘the number of blood cells.

6. An immunoassay according to claim 5, wherein the
mean éorpusculer 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:
C=C0/{l-(B/A) X (MCV / D)},

wherein C, CO, Av and B are the same as defined above, MCV is

the MCV measurement of the sample and D is a constant.

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 0.1 4 m to 1.0 4 m.

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.
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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 according to claim 1, in which the
sample to be assayed is a plurality of whole blood samples,

among which a serum sample is involved.

13. An immunoassay apparatus comprising: _

a reaction part for mixing a whole blood sample “W’it.h
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
pai’ticles and unagglutinated particles to a flow cell,

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

- a photo acceptance unit for detecting scattered light
generated thereby,"

s‘ign.al processing means for converting a light signal to
an electrical signal,

| data proceséing 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 agglutinated
particles and the blood cells according to the set threshold

values.

14. An immunoassay apparatus according to Claim 13,

further comprising:

31



WO 01/96868 PCT/JP01/04917

calculating means for calculating a degree of agglutination form
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

5 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.
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Fig. 8
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