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BLOOD ANALYZER, SAMPLE ANALYZER,
AND FLOW CYTOMETER

FIELD OF THE INVENTION

The present invention relates to a blood analyzer for ana-
lyzing blood, a sample analyzer for analyzing samples con-
taining particles, and a flow cytometer used in the sample
analyzer.

BACKGROUND

Blood analyzers are known to count the numbers of red
blood cells, white blood cells, and platelets. Such blood ana-
lyzers measure the red blood cells and platelets from a blood
sample of diluted blood, and measure the white blood cells
from samples of hemolyzed blood. Electrical resistance
methods for detecting the electrical resistance of the sample,
and flow cytometric methods for detecting the scattered light
from a sample irradiated with light are used in these measure-
ments. The electrical resistance signals employed in the mea-
surements using the electrical resistance method and scat-
tered light signals employed in the measurements using flow
cytometry reflect the size of the blood cell, and red blood
cells, white blood cells, and platelets can be counted using the
signals.

Many such blood analyzers have the function of classifying
white blood cells. White blood cell classification classifies
white blood cells as lymphocytes, monocytes, neutrophils,
eosinophils, and basophils. These types of white blood cells
can not be classified simply by information on the size of the
blood cell since there are very similar in size. In this case,
white blood cells are classified by distributing blood in a
plurality of aliquots, preparing a plurality of measurement
samples by mixing different types of reagents in the respec-
tive aliquots, then measuring the plurality of measurement
samples by various methods.

For example, the model SF-3000 manufactured by Sysmex
corporation is configured to prepare a first measuring sample
by admixing a reagent for four classifications of white blood
cells in a first blood (aliquot), to irradiate the first measuring
sample with light, to detect the low angle scattered light and
high angle scattered light, and to classify white blood cells in
four classifications of lymphocytes, monocytes, eosinophils,
and a group comprised of neutrophils and basophils based on
the low angle scattered light signals and high angle scattered
light signals. On the other hand, SF-3000 is configured to
prepare a second measuring sample by admixing a reagent for
classifying basophils in a second blood (aliquot), to irradiate
the second measuring sample with light, to detecte the low
angle scattered light and high angle scattered light, and to
classify white blood cells in two classifications of basophils
and other (lymphocytes, monocytes, neutrophils, and eosino-
phils) based on the low angle scattered light signals and high
angle scattered light signals. And SF-3000 is capable of clas-
sifying white blood cells in five classifications from both
classification results (refer to U.S. Pat. No. 5,677,183).

Similarly, dividing blood into two aliquots and preparing
two types of measuring samples by mixing reagents with the
respective aliquots, then measuring these aliquots and classi-
fying the white blood cells in five categories is widely per-
formed. For example, the models XE-2100i and XT-2000i
manufactured by Sysmex Corporation are configured to pre-
pare a first measuring sample by admixing a reagent for four
classifications of white blood cells in a first blood, to irradiate
the first measuring sample with light, to detect the side scat-
tered light and fluorescent light, and to classify white blood
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cells in four classifications of lymphocytes, monocytes, eosi-
nophils, and a group comprised of neutrophils and basophils
based on the side scattered light signals and fluorescent light
signals. On the other hand, XE-2100i and XT-2000i are con-
figured to prepare a second measuring sample by admixing a
reagent for basophil classification in a second blood, to irra-
diate the second measuring sample with light, to detect the
forward scattered light and side scattered light, and to classify
the white blood cells as basophils and other based on the
forward scattered light signals and side scattered light signals.

Furthermore, the ADVIA manufactured by Bayer Corpo-
ration prepares a first measuring sample by admixing a
reagent for four classifications of white blood cells in a first
blood, irradiates the first measuring sample with light, detects
the scattered light and absorbed light, then classifies the white
blood cells in four classifications of lymphocytes, monocytes,
eosinophils, and a group comprised of neutrophils and baso-
phils based on the scattered light signals and absorbed light
signals. The other hand, ADVIA prepares a second measuring
sample by admixing a reagent for basophil classification in a
second blood, irradiates the second measuring sample with
light, detects the low angle scattered light and high angle
scattered light, and classifies the white blood cells as baso-
phils and other based on the low angle scattered light signals
and high angle scattered light signals.

Still further, the Pentra manufactured by ABX Corporation
prepares a first measuring sample by admixing a reagent for
four classifications of white blood cells in a first blood, irra-
diates the first measuring sample with light, detects the
absorbed light, detects the electrical resistance (impedance)
in the first measuring sample, classifies the white blood cells
in four classifications of lymphocytes, monocytes, eosino-
phils, and a group comprised of neutrophils and basophils
based on the electrical resistance signals and absorbed light
signals. The other hand, Pentra prepares a second measuring
sample by admixing a basophil classification reagent in a
second blood, detects the electrical resistance of the second
measuring sample, and classifies as the basophils and other
based on the electrical resistance signals.

Still further, apparatuses are provided that classify white
blood cells from a single blood sample (aliquot). These appa-
ratuses are configured to classify five types of white blood
cells using three or more detection signals (for example, refer
to U.S. Pat. No. 5,138,181). For example, the LH series of
apparatuses manufactured by Beckman-Coulter Corporation
prepare a single measuring sample by admixing a white blood
cell classification reagent in a blood sample, irradiate the
measuring sample with light, and detect the forward scattered
light, as well as detect the direct current electrical resistance
and high frequency electrical resistance in the measuring
sample, and classify the white blood cells into five categories
based on the three detection signals of the direct current
electrical resistance signals, high frequency electrical resis-
tance signals, and forward scattered light signals (refer to
WO88/007187) Moreover, the Celldyn series of apparatuses
manufactured by Abbott Laboratories prepares a single mea-
suring sample by admixing a white blood cell classification
reagent in a blood sample, irradiate the measuring sample
with light, detect the scattered light at O degrees, scattered
light at 10 degrees, 90 degree polarized scattered light, and 90
degree depolarized scattered light, and classifies white blood
cells in five categories based on the O degree scattered light
signals, 10 degree scattered light signals, 90 degree polarized
scattered light signals, and 90 degree depolarized scattered
light signals (refer to W093/016384).

As described above, in conventional blood analyzers, a
plurality of aliquots are required to classify white blood cells

Cytek Exhibit No. 1042
Page 013



US 7,580,120 B2

3

in five classifications, or three or more signals are required to
classify white blood cells in five classifications by using a
single aliquot. More blood is necessary when a plurality of
aliquots are required than using a single aliquot, and a plural-
ity of mixing chambers are required to prepare measuring
samples from the respective aliquots. When three or more
signals are needed, the structure of the apparatus becomes
complex since many photoreceptor elements and electrical
resistance detecting elements are required to detect the
respective signals.

Furthermore, flow cytometers installed in such blood ana-
lyzers are provided with a flow cell through which the liquid
of the sample flows, light source for irradiating the flow cell
with light, and photoreceptor elements, such that the light
from the light source is scattered by the particles (blood cells)
in the flow cell, and fluorescent light is generated by particles
stained with fluorescent dye that receive the irradiating light,
the scattered light and fluorescent light is received by the
photoreceptor elements, and the received light signals are
analyzed in the process of analyzing the sample. Although
photodiodes, photomultipliers and the like may be used as the
photoreceptor elements, high sensitivity photomultipliers are
generally used as the fluorescent photoreceptors due to the
weakness of the fluorescent light compared to the scattered
light. Further, a flow cytometer has been disclosed that uses
avalanche photodiode (APD) as a fluorescent light photore-
ceptor as an alternative to the photomultiplier (refer to WO94/
29695).

Since the avalanche photodiode has different sensitivity
characteristics than other photoreceptors, such as typical pho-
todiodes, photomultipliers and the like, adequate perfor-
mance cannot be achieved by simply replacing other photo-
receptors with the avalanche photodiode directly.

SUMMARY

The scope of the present invention is defined solely by the
appended claims, and is not affected to any degree by the
statements within this summary.

The first aspect of the present invention relates to a blood
analyzer comprising: a preparation section for preparing a
measurement sample by mixing at least a staining reagent for
staining white blood cells with a blood sample; a detection
section for detecting at least a first characteristic information
and a second characteristic information representing charac-
teristics of the measurement sample from the prepared mea-
surement sample; and an analysis section for classifying the
white blood cells contained in the measurement sample into
five classifications based on the detected first characteristic
information and second characteristic information; wherein
the detection section comprises a light source for irradiating a
measurement sample with light; and avalanche photodiode
for receiving fluorescent light generated by irradiating a mea-
surement sample with light from the light source and output-
ting a fluorescent light signal corresponding to the intensity of
the received light, and the first characteristic information is
the fluorescent light signal output from the avalanche photo-
diode.

The second aspect of the present invention relates to a
sample analyzer comprising: a flow cell for forming a liquid
flow of a sample containing particles; a light source for irra-
diating the flow cell with light; an avalanche photodiode for
receiving light from a liquid flow in the flow cell irradiated
with light by the light source; and an aspheric lens provided in
the optical path connecting the flow cell and the avalanche
photodiode.
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The third aspect of the present invention relates to a flow
cytometer comprising: a flow cell for forming a liquid flow of
asample containing particles; a light source for irradiating the
flow cell with light; an avalanche photodiode for receiving
light from a liquid flow in the flow cell irradiated with light by
the light source; and an aspheric lens provided in the optical
path connecting the flow cell and the avalanche photodiode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view briefly showing the structure of the
sample analyzer of an embodiment;

FIG. 2 is a perspective exterior view of the measurement
unit provided in the sample analyzer of the embodiment;

FIG. 3 is a perspective view showing the internal structure
of the measurement unit provided in the sample analyzer of
the embodiment;

FIG. 4 is a side view showing the internal structure of the
measurement unit provided in the sample analyzer of the
embodiment;

FIG. 5 is a block diagram showing the structure of the
measurement unit provided in the sample analyzer of the
embodiment;

FIG. 6is a fluid circuit diagram showing the structure of the
sample supply section provided in the measurement unit;

FIG. 7 is a perspective view schematically showing the
structure of the flow cell provided in the measurement unit;

FIG. 8 is a brief plan view schematically showing the
structure of the flow cytometer provided in the measurement
unit;

FIG. 9 is a side section view showing the shape of the side
collective lens provided in the flow cytometer;

FIG. 10 is a scattergram showing the result of an experi-
ment conducted using a conventional sample analyzer; and

FIG. 11 is a scattergram showing the result of an experi-
ment conducted using the sample analyzer of the embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENT

The embodiment of the present invention is described here-
inafter based on the drawings.

FIG. 1 is a front view briefly showing the structure of the
sample analyzer of an embodiment. As shown in FIG. 1, a
sample analyzer 1 of the present embodiment is used in blood
testings, comprises a measurement unit 2 and data processing
unit 3. The measurement unit 2 performs predetermined mea-
surements of components contained in blood specimens, and
the measurement data are subjected to an analysis process
when received by the data processing unit 3. The sample
analyzer 1 is installed in medical facilities such as hospitals,
or pathology laboratories and the like. The measurement unit
2 and data processing unit 3 are connected by a data transfer
cable 3a so as to be capable of mutual data communications.
the configuration is not limited to a direct connection between
the measurement unit 1 and data processing unit 3 by the data
transfer cable 3a, inasmuch as, for example, the measurement
unit 2 and data processing unit 3 may also be connected
through a dedicated line using a telephone line, or a commu-
nication network such as a LAN, Internet or the like.

FIG. 2 is a perspective view of the exterior of the measure-
ment unit 2. As shown in FIG. 2, at the lower right of the front
ofthe measurement unit 2, is provided with a blood collection
tube placement unit 2a for placing a blood collection tube 20
that contains a blood sample. The blood collection tube place-
ment unit 2a can receive a blood collection tube 20 placed
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therein by a user when a button switch 25 provided nearby is
pressed by the user and the blood collection tube placement
unit 2a moves in a forward direction. After the blood collec-
tion tube 20 has been placed, the user again presses the button
switch 25 and the blood collection tube placement unit 2a
withdraws and closes.

FIG. 3 is a perspective view showing the interior structure
of the measurement unit 2, and FIG. 4 is a side view of the
same. The blood collection tube placement unit 2a holding
the collection tube 20 is received within the measurement unit
2 as previously described, and the collection tube 20 is posi-
tioned at a predetermined suction position. A sample supply
unit 4 including a pipette 21 for suctioning samples, chambers
22 and 23 for mixing and adjusting blood and reagent and the
like is provided within the measurement unit 2. The pipette 21
is tube-like and extends vertically, and the tip is sharply
tapered. The pipette 21 is linked to a syringe pump not shown
in the drawing, and a predetermined amount of liquid can be
suctioned or discharged by the operation of this syringe
pump; the pipette 21 is also linked to a moving mechanism so
as to be movable in vertical directions and forward and back-
ward directions. The blood collection tube 20 is sealed by a
rubber cap 20a, and the sharp tip of the pipette 21 pieces the
cap 20a of the collection tube 20 placed at the suction posi-
tion, and a predetermined amount of blood sample contained
in the collection tube 20 can be suctioned by the pipette 21. As
shown in FIG. 4, chambers 22 and 23 are provided behind the
collection tube placement unit 24; the pipette 21 is moved by
the moving mechanism when the blood sample has been
suctioned, and supplies the blood sample to the chambers 22
and 23 by discharging the blood sample into the chambers 22
and 23.

FIG. 5 is a block diagram showing the structure of the
measurement unit 2, and FIG. 6 is a flow circuit diagram
showing the structure of the sample supply unit 4. As shown
in FIG. 4, the measurement unit 2 is provided with a sample
supply unit 4, WBC detection unit 5, RBC detection unit 6,
HGB detection unit 7, control unit 8, and communication unit
9. The control unit 8 is configured by a CPU, ROM, RAM and
the like, and performs operation control of each type of struc-
tural element of the measurement unit 2. The communication
unit 9 is an interface, such as, for example, an RS-232C
interface, USB interface, Ethernet (registered trademark),
and is capable of sending and receiving data to/from the data
processing unit 3.

As shown in FIG. 6, the sample supply unit 4 is a flow unit
provided with a plurality of electromagnetic valves, dia-
phragm pumps and the like. Chamber 22 is used to adjust the
sample supplied for the measurement of red blood cells and
platelets, and the measurement of hemoglobin. The chamber
23 is used adjust the sample supplied for white blood cell
measurement. FIG. 6 shows only the structure of the flow
circuit on the periphery of the chamber 23 in order to simplify
the drawing. The chamber 23 is connected to a reagent con-
tainer FFD accommodating hemolytic agent and a reagent
container FFS accommodating staining fluid through fluid
flow paths P1 and P2, such as tubes or the like. Flectromag-
netic valves SV19 and SV20 are provided in the fluid flow
path P1 connecting the chamber 23 and the reagent container
FFD, and a diaphragm pump DP4 is provided between the
electromagnetic valves SV19 and SV20. The diaphragm
pump DP4 is connected to a positive pressure source and a
negative pressure source, such that the diaphragm pump DP4
can be operated by positive pressure drive and negative pres-
sure drive. Electromagnetic valves SV40 and SV41 are pro-
vided in the fluid flow path P2 connecting the chamber 23 and
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the reagent container FFS, and a diaphragm pump DP5 is
provided between the electromagnetic valves SV40 and
Sv4l.

The electromagnetic valves SV19, SV20, SV40, SV41,
and diaphragm pumps DP4 and DP5 are operationally con-
trolled as follows, and are capable of supplying hemolytic
agent and staining fluid to the chamber 23. First, the electro-
magnetic valve SV19, which is disposed on the reagent con-
tainer FFD side of the diaphragm pump DP4, is opened, and
with the electromagnetic valve SV20, which is disposed on
the chamber 23 side of the diaphragm pump DP4, in the
closed state, a hemolytic agent is supplied in a fixed dosage
from the reagent container FFD by negative pressure actua-
tion of the diaphragm pump DP4. Thereafter, the electromag-
netic valve SV19 is closed, the electromagnetic valve SV20 is
opened, and the fixed quantity of hemolytic agent is supplied
to the chamber 23 by positive pressure actuation of the dia-
phragm pump DP4. Similarly, the electromagnetic valve
SV40, which is disposed on the reagent container FFS side of
the diaphragm pump DPS5, is opened, and with the electro-
magnetic valve SV41, which is disposed on the chamber 23
side of the diaphragm pump DP5, in the closed state, a stain-
ing fluid is supplied in a fixed dosage from the reagent con-
tainer FFS by negative pressure actuation of the diaphragm
pump DP5. Thereafter, the electromagnetic valve SV40 is
closed, the electromagnetic valve SV41 is opened, and the
fixed quantity of staining fluid is supplied to the chamber 23
by positive pressure actuation of the diaphragm pump DP5.
Thus, the blood sample and reagents (hemolytic reagent and
staining fluid) are mixed and the sample is adjusted for white
blood cell measurement.

Furthermore, the chamber 23 is connected to the WBC
detection unit flow cytometer through a fluid flow path P3 that
includes tubes and an electromagnetic valve SV4. The fluid
flow path P3 branches in its medial region, and electromag-
netic valves SV1 and SV3 are connected in series at the
branch point. A syringe pump SP2 is disposed medially to the
electromagnetic valves SV1 and SV3. A stepping motor M2 is
connected to the syringe pump SP2, such that the syringe
pump SP2 is actuated by the operation of the stepping motor
M2. Furthermore, the fluid flow path P3 connecting the cham-
ber 23 and the WBC detection unit 5 also branches, and an
electromagnetic valve SV29 and diaphragm pump DP6 are
connected at the branch point. When white blood cells are
measured by the WBC detection unit 5, the diaphragm pump
DP6 is operated under negative pressure with the electromag-
netic valves SV4 and SV29 in an open state, and the sample
charges the fluid flow path P3 when the sample is suctioned
from the chamber 23. When the sample charging is com-
pleted, the electromagnetic valves SV4 and SV29 are closed.
Thereafter, the electromagnetic valve SV3 is opened, and the
charged sample is supplied to the WBC detection unit 5 by
operating the syringe pump SP2.

As shown in FIG. 6, the sample supply unit 4 is provided
with a sheath fluid chamber 24, and the sheath fluid chamber
24 is connected to the WBC detection unit 5 through the fluid
flow path P4. An electromagnetic valve SV31 is provided in
the fluid flow path P4. The sheath fluid chamber 24 is a
chamber for storing sheath fluid to be supplied to the WBC
detection unit 5, and is connected to the sheath fluid container
EPK that holds the sheath fluid through the fluid flow path P5
that includes tubes and an electromagnetic valve SV33.
Before starting the measurement of white blood cells, the
electromagnetic valve SV33 is opened and sheath fluid is
supplied to the sheath fluid chamber 24, such that sheath fluid
is stored in the sheath fluid chamber 24 beforehand. Then,
when the measurement of white blood cells begins, the elec-
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tromagnetic valve SV31 is opened, and sheath fluid stored in
the sheath fluid chamber 24 is supplied to the WBC detection
unit 5 simultaneously with the sample supplied to the WBC
detection unit 5.

The WBC detection unit 5 is an optical type flow cytom-
eter, and is capable of measuring white blood cells by a flow
cytometry viaa semiconductor laser. The WBC detection unit
5 is provided with a flow cell 51, which forms the fluid flow of
the sample. FIG. 7 is a perspective view schematically show-
ing the structure of the flow cell 51. The flow cell 51 is
configured by a material such as transparent glass, glass,
synthetic resin and the like, formed in a tube-like shape, and
is a flow path through the interior of which the sheath fluid
flows. The flow cell 51 is provided with an orifice 51a, the
internal cavity of which has an aperture that is narrower than
the other parts. The vicinity of the inlet of the orifice 51a of
the flow cell 51 has a double-tube structure, and the internal
side of this tube part becomes a sample nozzle 515. The
sample nozzle 515 is connected to the fluid flow path P3 of the
sample supply unit 4, and sample is discharged through the
sample nozzle 515. Furthermore, the cavity on the outer side
of the sample nozzle 515 is the flow path 51c¢ through which
the sheath fluid flows, and the flow path 51c¢ is connected to
the previously described fluid flow path P4. The sheath fluid
supplied from the sheath fluid chamber 24 flows through the
flow path 51c via the fluid flow path P4, and is introduced to
the orifice 51a. The sheath fluid supplied to the flow cell 51 in
this way flows so as to encapsulate the sample discharged
from the sample nozzle 515. Then, the sample flow is con-
stricted by the orifice 51a, such that the particles of white
blood cells and red blood cells contained in the sample are
encapsulated in the sheath fluid and pass through the orifice
51a one by one.

FIG. 8 is a brief plan view that schematically shows the
structure of the WBC detection unit 5. A semiconductor laser
light source 52 is arranged in the WBC detection unit 5 so as
to emit laser light toward the flow cell 51. An illumination lens
system 53 including a plurality of lenses is arranged medially
to the flow cell 51 and the semiconductor laser light source 52.
Parallel beams emitted from the semiconductor laser light
source 52 are collected at a beam spot by the illumination lens
system 53. Furthermore, a beam stopper 54a is provided on
the optical axis extending linearly from the semiconductor
laser light source 52 so as to be opposite the illumination lens
system 53 and with the flow cell 51 interposed therebetween.
A photodiode 54 is arranged on the optical axis downstream
of the beam stopper 54a.

When the sample flows through the flow cell 51, optical
signals of scattered light and fluorescent light are generated
by the laser light. Among these, the forward scattered light
signals irradiate toward the photodiode 54. Among the light
advancing along the optical axis extending linearly from the
semiconductor laser 52, the direct light of the semiconductor
laser 52 is blocked by the beam stopper 54a, and only the
scattered light (hereinafter referred to as “forward scattered
light”) advancing along the optical axis direction enters the
photodiode 54. The forward scattered light emitted from the
flow cell 51 is subjected to photoelectric conversion by the
photodiode 54, and the electrical signals (hereinafter referred
to as “forward scattered light signals”) generated by this
conversion are amplified by an amplifier 545, and output to
the control unit 8. The forward scattered light signals reflect
the size of the blood cells, and the size of the blood cells and
the like can be obtained when the control unit 8 subjects the
forward scattered light signals to signal processing.

Furthermore, a side collective lens 55 is arranged at the side
of the flow cell 51, in a direction perpendicular to the optical
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axis extending linearly from the semiconductor laser light
source 52 to the photodiode 54, and the lateral light (light
emitted in a direction intersecting the optical axis) generated
when the semiconductor laser irradiates the blood cells pass-
ing through the flow cell 51 is collected by the side collective
lens 55. A dichroic mirror 56 is provided on the downstream
side of the side collective lens 55, and the signal light trans-
mitted from the side collective lens 55 is divided into a scat-
tered light component and fluorescent light component by the
dichroic mirror 56. A side scattered light photoreceptor pho-
todiode 57 is provided at the side (the direction intersecting
the direction of the optical axis connecting the side collective
lens 55 and the dichroic mirror 56) of the dichroic mirror 56,
and an optical filter 58a and avalanche photodiode 58 are
provided on the optical axis on the downstream side of the
dichroic mirror 56. Then, the side scattered light component
separated by the dichroic mirror 56 is subjected to photoelec-
tric conversion by the photodiode 57, and the electrical sig-
nals (hereinafter referred to as “side scattered light signals™)
generated by this conversion are amplified by an amplifier
57a and output to the control unit 8. The side scattered light
signals reflect the internal information (size of the nucleus
and the like) of the blood cells, and the size of the nucleus of
the blood cell and the like can be obtained when the control
unit 8 subjects the side scattered light signal to signal pro-
cessing. Furthermore, the side fluorescent light component
emitted from the dichroic mirror 56 is subjected to wave-
length selection by the optical filter 584, and subsequent
photoelectric conversion by the avalanche photodiode 58, and
the electrical signals (side fluorescent light signals) thus
obtained are amplified by an amplifier 585 and output to the
control unit 8. The side fluorescent light signals reflect infor-
mation related to the degree of staining of the blood cells, and
the stainability of the blood cells can be obtained by subject-
ing the side fluorescent light signals to signal processing.

The avalanche photodiode has the characteristic that the
signal-to-noise S/N ratio of the output signals decrease as the
acceptance surface increases. Furthermore, although the S/N
ratio can be improved by increasing the intensity of the light
emitted from the semiconductor laser 52, the effect decreases
when the acceptance surface of the avalanche photodiode 58
is reduced, and such a solution is not desirable from the
perspective of the energy consumption since the energy con-
sumption increases as the level of the output light increases.
Therefore, itis important to have the acceptance surface of the
avalanche photodiode 58 as small as possible. When the
acceptance surface of the avalanche photodiode 58 is reduced
excessively, the acceptance surface may be smaller than the
image of the particles imaged on the acceptance surface of the
avalanche photodiode 58 by the side collective lens 55, in
which case side fluorescent light signals that accurately
reflect information related to the particles can not be obtained.
Furthermore, although reducing the magnification power of
the side collective lens 55 so as to reduce the image of the
particle to be smaller than the acceptance surface can be
considered, when the acceptance surface is excessively small,
it becomes difficult to position the optical axis, thus requiring
greater assembly precision and increasing costs.

Moreover, although it is desirable that the acceptance sur-
face of the avalanche photodiode 58 is small, when the accep-
tance surface is reduced, part of the particle image may be
outside the acceptance surface depending on the degree of
aberration of the side collective lens 55 manifesting the par-
ticle image that is formed on the acceptance surface. There-
fore, the aberration of the side collective lens 55 must be
reduced in conjunction with the smaller acceptance surface of
the avalanche photodiode 58. Furthermore, the side collective
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lens 55 must have a high numeric aperture (NA) since the
fluorescent light measured by the avalanche photodiode 58 is
often weak. Accordingly, the side collective lens 55 is an
aspheric lens. FIG. 9 is a side section view showing the shape
of the side collective lens 55. The side collective lens 55 is a
biconvex lens, in which the radius of curvature of the lens
surface decreased from the center part toward the edge part.
Although FIG. 9 shows the side collective lens 55 as a plano-
convex lens, the apparently flat surface is actually slightly
curved. Specifically, the shape of the lens surface of the side
collective lens 55 is described by the equation below.

n
c; Y
i=1

Co-Y?
X+

1+ 1—(K+1)-Co?.Y2

Where the following obtains.

X: position in the optical axis direction

Y: distance from the lens center in the direction in which the
optical axis advances

K: shape coefficient

Co: coefficient representing the curvature of the base surface
(spherical surface basis of the aspherical surface)

Ci: aspherical surface coefficient

i: integers 1~n

The lens surface shape of the side collective lens 55 is a
curved surface obtained when the curvature represented by
the equation above is rotated about optical axis. The coeffi-
cients Co, K, and Ci match the lens magnification and focal
length and the like, and are set at values that doe not generate
aberration. Thus, the aberration readily generated at the edge
ofthe lens can be suppressed. Furthermore, the NA of the side
collective lens 55 is 0.60. In this way, the NA can be set high
and the influence of lens aberration can be eliminated by
having an aspheric lens of a shape that suppresses the gen-
eration of aberration. Therefore, the entire image of the par-
ticle is accurately formed on the acceptance surface of the
avalanche photodiode 58 by the side collective lens 55, and
the amount of light arriving at the acceptance surface of the
avalanche photodiode 58 can be increased, with the result that
weak fluorescent light can be detected by the avalanche pho-
todiode 58.

Furthermore, the only lens provided at the side of the flow
cell 51 is the single-piece aspheric surface side collective lens
55. although it is possible to suppress aberration by combin-
ing multiple spherical lenses, this solution would increase the
cost, the amount of light would be reduced since the light
would pass through a plurality of lenses, and the size of the
flow cytometer would increase. Therefore, the cost can
reduced, light loss can be suppressed, and the flow cytometer
can be realized more compactly by the a structure in which the
side scattered light and side fluorescent light is collected by a
side collective lens 55 that is single-piece aspheric surface
lens.

In this way, aberration is reduced by a side collective lens
55 that is an aspheric surface lens, and the acceptance surface
of the avalanche photodiode 58 can be reduced. The size of
the acceptance surface can be set in consideration of the size
of the particle to be measured, the performance (NA, degree
of aberration) of the side collective lens 55, output level of the
semiconductor laser 52, and S/N ratio of the output signal of
the avalanche photodiode 58. In the present embodiment, the
white blood cells that are the measurement objects are usually
approximately 7~20 ?m and present in peripheral blood, and
since an aspheric lens having slight aberration is used, an
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avalanche photodiode 58 having a circular acceptance surface
1~2 mm in diameter may be used.

The RBC detection unit 6 can measure the number of red
blood cells and platelets by a sheath flow DC detection
method. The RBC detection unit 6 has a flow cell, and sample
is supplied from the previously mentioned chamber 22 to the
flow cell. When measuring red blood cells and platelets, a
sample is prepared by mixing solution fluid with the blood in
the chamber 22. The sample is supplied from the sample
supply unit to the flow cell together with the sheath fluid, and
a flow is formed in which the sample is encapsulated in the
sheath fluid within the flow cell. Furthermore, an aperture
with an electrode is provided in the flow path in the flow cell,
and the direct current (DC) resistance in the aperture is
detected when the blood cells in the sample pass thought the
aperture one by one, and the electrical signal of the DC
resistance is output to the control unit 8. since the DC resis-
tance increases when the blood cell passes through the aper-
ture, the electrical signal reflects information of the passage
of the blood cell through the aperture, and the red blood cells
and platelets can be counted by subjecting the electrical sig-
nals to signal processing.

The HGB detection unit 7 is capable of measuring the
amount of hemoglobin by the SLS hemoglobin method. The
HGB detection unit 7 is provided with a cell for accommo-
dating dilute sample, sample is supplied from the chamber 22
to this cell. When measuring hemoglobin, a sample is pre-
pared by mixing dilution liquid and hemolytic reagent in
blood in the chamber 22. The hemolytic reagent has the
characteristic of transforming hemoglobin in the blood to
SLS hemoglobin. Furthermore, a light-emitting diode and
photodiode are arranged in opposition with the cell inter-
posed therebetween, and light emitted from the light-emitting
diode is received by the photodiode. The light-emitting diode
emits light of a wavelength that has high absorption by SLS
hemoglobin, and the cell is formed of a plastic material of
high transparency. Thus, in the photodiode, only the trans-
mission light absorbed by the dilute sample is received among
the light emitted by the light-emitting diode. The photodiode
outputs electrical signals corresponding to the amount of
received light (optical density) to the control unit 8, and the
control unit 8 compares this optical density with the optical
density of the dilution liquid alone which was measured
beforehand, then calculates the hemoglobin value.

The control unit 8 receives the electrical signals from the
WBC detection unit 5, RBC detection unit 6, HGB detection
unit 7 as described above, and data representing the size ofthe
blood cell, size of the nucleus of the blood cell, stainability of
the blood cell, red blood cell count, platelet count, hemoglo-
bin value and the like are transmitted from the control unit 8
to the data processing unit 3. The data processing unit 3 is
configured by a computer provided with a CPU, ROM, RAM,
hard disk, communication interface, input unit including a
keyboard and mouse and the like, and a display device. The
communication interface is, for example, an RS-232C inter-
face, USB interface, Ethernet (registered trademark), and is
capable of sending and receiving data to/from the measure-
ment unit 2. Furthermore, an operating system, and applica-
tion program for analyzing the measurement data received
from the measurement unit 2 are installed on the hard disk of
the data processing unit 3. In the data processing unit 3,
measurement data are analyzed, white blood cell count
(WBQ), red blood cell count (RBC), hemoglobin amount
(HGB), hematocrit value (HCT, mean red blood cell volume
(MCV), mean red blood cell hemoglobin (MCH), mean red
blood cell hemoglobin concentration (MCHC), platelet count
(PLT), are calculated, and a scattergram is prepared using the
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side scattered light signals and side fluorescent light signals,
and the white blood cells are classifies as neutrophils, lym-
phocytes, monocytes, eosinophils, and basophils when the
CPU executes the application program.

The inventors performed experiments using the sample
analyzer of the present embodiment. The experimental results
are described below. In this experiment, white blood cells in
blood samples were measured, and scattergrams prepared
using the sample analyzer of the present embodiment, and a
conventional sample analyzer (Sysmex model XE-2100) with
a flow cytometer that receives fluorescent light.

FIG. 10 is a scattergram prepared using the conventional
sample analyzer, and FIG. 11 is a scattergram prepared using
the sample analyzer of the present embodiment. In FIGS. 10
and 11, the vertical axis shows the intensity of the side fluo-
rescent light (level of received light), and the horizontal axis
shows the intensity of the side scattered light (level of
received light). In this experiment, measurement were per-
formed using identical normal blood samples. Neutrophils,
lymphocytes, monocytes, and eosinophils respectively
formed definite clusters in the measurement results of the
conventional sample analyzer as shown in FIG. 10. In the
conventional sample analyzer, white blood cells were classi-
fied in four categories of neutrophils, lymphocytes, mono-
cytes, and eosinophils, and basophils were not classified.
Since the model XE-2100 used in this experiment is config-
ured to perform four classifications in a measurement channel
for classifying white blood cells, and detect only basophils in
another separate measurement channel, the scattergram in
this instance does not depict the region in which the basophils
are present. Since the sample analyzer 1 of the present
embodiment is configured to classify white blood cells as five
classifications of neutrophils, lymphocytes, monocytes, eosi-
nophils, and basophils all at the same time, the basophils are
also depicted in the scattergram. In the measurement results
of the sample analyzer of the present embodiment shown in
FIG. 11, neutrophils, lymphocytes, monocytes, eosinophils,
and basophils form definite clusters, and white blood cells are
classified with high precision. Thus, analysis of white blood
cells in blood samples can be performed with high precision
using the sample analyzer of the present embodiment.
Although omitted from the description, a similar experiment
in classifying red blood cells as mature red blood cells and
reticulocytes was performed and excellent results were
obtained for both the conventional sample analyzer and the
sample analyzer of the present embodiment.

Although the shape of the acceptance surface of the ava-
lanche photodiode 58 is circular with a diameter of 1~2 mm in
the present embodiment, the shape is not limited to this shape
inasmuch as the diameter may be, for example, a circular
shape of 0.1 mm to 1 mm, the shape may be square with an
side length of 0.1~2 mm, or may be a rectangular shape
having a surface area of the same degree.

Furthermore, although the side collective lens 55 is a
biconvex aspheric lens in the present embodiment, the lens is
not limited to this lens inasmuch as the side collective lens 55
may be a plano-convex aspheric lens insofar as the shape
suppresses the generation of aberration.

Although the structure of the WBC detection unit 5, which
uses the white blood cells in peripheral blood as the measure-
ment object, is described in the resent embodiment, the detec-
tion unit is not limited to this structure inasmuch as blood
cells other than white blood cells, such as megakaryocytes,
reticulocytes, nucleated red blood cells, and the like, and
macrophages that are nearly absent in peripheral blood
although white blood cells may be included as measurement
objects. In this case, the size of the acceptance surface of the
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avalanche photodiode 58 may be set so as to accurately detect
the images of large cells such as megakaryocytes and mac-
rophages.

Also in this case, a measurement sample may be prepared
by mixing a blood sample and solution liquid and staining
fluid without adding hemolytic reagent, and preparing a scat-
tergram using the fluorescent light signals and side scattered
light signals (for example, front scattered light signals), so as
to classify reticulocytes, nucleated red blood cells, mature red
blood cells, white blood cells and other blood cells.

Although the configuration of preparing a scattergram for
five classifications of white blood cells using side fluorescent
light signals and side scattered light signals has been
described in the present embodiment, the configuration is not
limited to this configuration inasmuch as the avalanche pho-
todiode may be arranged forward of the flow cell to detect
forward fluorescent light, so as to classify white blood cells in
five classification by forward fluorescent light and side scat-
tered light. Furthermore, a scattergram may be prepared using
fluorescent light signals detected by the avalanche photo-
diode 58 and other signals, so as to classify white blood cells
in five classifications. For example, forward scattered light
signals may be used instead of side scattered light signals.
Moreover, the position of the photoreceptor element may be
changed so as to detect low angle scattered light and high
angle scattered light, such that white blood cells can be clas-
sified in five classifications using fluorescent light signals,
low angle scattered light signals, and high angle scattered
light signals. A pair of electrode may be arranged to have the
orifice 51a of the flow cell 51 interposed therebetween, so as
to detect the DC resistance value or high frequency resistance
value between the electrodes, whereupon the fluorescent light
signals and DC resistance signals (characteristics are similar
to forward scattered light signals) or high frequency resis-
tance signals (characteristics are similar to side scattered light
signals) can be used to classify white blood cells.

Although the configuration of a sample analyzer 1 for
performing blood cell counts has been described in the
present embodiment, the configuration is not limited to this
configuration inasmuch as, for example, the sample analyzer
may be configured for measuring particles in urine (urine
solids) by means of a flow cytometer having an avalanche
photodiode as a photoreceptor element, and a sample ana-
lyzer configured to measure cultured cells using a flow
cytometer having an avalanche photodiode as a photoreceptor
element.

Although the sample analyzer 1 is configured with the
measurement unit 2 and data processing unit 3 provided sepa-
rately in the present embodiment, the configuration is not
limited to this configuration in as much as the sample analyzer
may be an integrated unit possessing the functions of both the
measuring unit 2 and the data processing unit 3.

The foregoing detailed description and accompanying
drawings have been provided by way of explanation and
illustration; and are not intended to limit the scope of the
appended claims. Many variations in the presently preferred
embodiments illustrated herein will be obvious to one of
ordinary skill in the art, and remain within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A blood analyzer comprising:

a preparation section for preparing a measurement sample
by mixing at least a staining reagent for staining white
blood cells with a blood sample;

a detection section for detecting at least a first characteris-
tic information and a second characteristic information
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representing characteristics of the measurement sample
from the prepared measurement sample; and

an analysis section for classifying the white blood cells
contained in the measurement sample into five classifi-
cations based on the detected first characteristic infor-
mation and second characteristic information,

wherein the detection section comprises a light source for
irradiating a measurement sample with light; and ava-
lanche photodiode for receiving fluorescent light from
the measurement sample irradiated with light and out-
putting a fluorescent light signal corresponding to the
intensity of the received light, and

the first characteristic information is the fluorescent light
signal output from the avalanche photodiode.

2. The blood analyzer according to claim 1, wherein

the detection section comprises a light reception section for
receiving scattered light from the measurement sample
irradiated with light, and outputting a scattered light
signal corresponding to the intensity of the received
light, and

the second characteristic information is the scattered light
signal output from the light reception section.

3. The blood analyzer according to claim 1, wherein

the detection section comprises an electrical resistance
detector for detecting the electrical resistance of the
measurement sample, and

the second characteristic information is the electrical resis-
tance signal output by the electrical resistance detector.

4. The blood analyzer according to claim 1, wherein

the analysis section is configured so as to generate a scat-
tergram based on the first characteristic information and
the second characteristic information, and classify the
white blood cells based on the generated scattergram.

5. The blood analyzer according to claim 1, wherein

the detection section comprises:

a flow cell for forming a liquid flow of the measurement
sample; and

an aspheric lens which light passes through from the flow
cell,

wherein the light source irradiates the measurement
sample in the flow cell with light,

the avalanche photodiode receives the fluorescent light
which has passed through the aspheric lens.

6. A sample analyzer comprising:

aflow cell for forming a liquid flow of a sample prepared by
blood and a staining reagent containing a fluorescent dye
for staining specific blood cells;

a sample supply section for supplying the sample to the
flow cell;

a light source for irradiating the flow cell with light;

an avalanche photodiode for receiving fluorescent light
from the liquid flow in the flow cell irradiated with light
by the light source;

an aspheric lens provided in the optical path connecting the
flow cell and the avalanche photodiode; and

an analysis section for classifying white blood cells in the
sample based on at least the output signal of the ava-
lanche photodiode.

7. The sample analyzer according to claim 6, wherein

the analysis section is configured so as to detect reticulo-
cytes and/or nucleated red blood cells in the sample.
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8. The sample analyzer according to claim 6, wherein

the avalanche photodiode is configured such that an accep-
tance surface is larger than an image of the particle of an
analysis object imaged on the acceptance surface.

9. The sample analyzer according to claim 8, wherein

the acceptance surface of the avalanche photodiode is con-
figured in a circular shape with a diameter three or more
times larger than the image of the particle of the analysis
object.

10. The sample analyzer according to claim 6, wherein

the acceptance surface of the avalanche photodiode is con-
figured in a circular shape with a diameter of 0.1 mm or
larger, but less than 2 mm.

11. The sample analyzer according to claim 6, further

comprising:

an amplifier for amplifying the output signal of the ava-
lanche photodiode.

12. The sample analyzer according to claim 6, wherein

the aspheric lens has an NA (numerical aperture) of 0.60 or
higher.

13. The sample analyzer according to claim 6, wherein

the single aspheric lens is arranged in the optical path
connecting the flow cell and the avalanche photodiode.

14. The sample analyzer according to claim 6, wherein

the sample is an urine sample.

15. The sample analyzer according to claim 6, wherein

the sample is a cultured cell sample.

16. A sample analyzer comprising:

a flow cell for forming a liquid flow of a sample containing
particles;

a light source for irradiating the flow cell with light;

an avalanche photodiode for receiving light from the liquid
flow in the flow cell irradiated with light by the light
source; and

an aspheric lens provided in the optical path connecting the
flow cell and the avalanche photodiode,

wherein the avalanche photodiode is configured such that
an acceptance surface is larger than an image of the
particle of an analysis object imaged on the acceptance
surface.

17. A sample analyzer comprising:

a flow cell for forming a liquid flow of a sample containing
particles;

a light source for irradiating the flow cell with light;

an avalanche photodiode for receiving light from the liquid
flow in the flow cell irradiated with light by the light; and

an aspheric lens provided in the optical path connecting the
flow cell and the avalanche photodiode, wherein

the acceptance surface of the avalanche photodiode is con-
figured in a circular shape with a diameter of 0.1 mm or
larger, but less than 2 mm.

18. A sample analyzer comprising:

a flow cell for forming a liquid flow of a sample containing
particles;

a light source for irradiating the flow cell with light;

an avalanche photodiode for receiving light from the liquid
flow in the flow cell irradiated with light by the light
source; and

an aspheric lens provided in the optical path connecting the
flow cell and the avalanche photodiode,

wherein the aspheric lens has a numerical aperture (NA) of
0.60 or higher.
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