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(57) There is provided an analysis apparatus capa-
ble of reducing a possibility of infection and contamina-
tion. An analysis apparatus (2) comprises: a housing
(200) that has an opening (221); an upper door (211) that
opens and closes the opening (221); a holding device
(40) that is accommodated in the housing (200) and al-
lows an analyte container to be set therein, the analyte
container containing an analyte to be analyzed; a blower
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(230) that creates an airflow in the housing (200); and an
air filter (240) that filters air blown by the blower (230).
As seen along an airflow created by the blower (230)
while the upper door (211) is opened, the holding device
(40) is provided upstream of the blower (230), the open-
ing (221) is provided upstream of the holding device (40),
and the air filter (240) is provided downstream of the hold-
ing device (40).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an analysis
apparatus for analyzing infectious viruses or genes con-
tained in an analyte (a biological sample such as blood,
urine, bodily fluid obtained with a nasopharyngeal swab,
saliva, etc.) to be analyzed.

BACKGROUND ART

[0002] Conventionally, there is an apparatus for ana-
lyzing a gene contained in an analyte through polymer-
ase chain reaction (PCR) (for example, see Japanese
Patent No. 4785862).

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Patent 4785862

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Whenananalyteis setinan analysis apparatus,
and the analyte in analysis is dispensed and agitated and
the analyte and a used dispensing pipette tip are extract-
ed from the apparatus, etc., there is a possibility that the
analyte splashes, viruses adhering to dust float, etc., and
the operator may be infected therewith and the analyte
may be contaminated therewith.

[0005] The present disclosure proposes an analysis
apparatus capable of reducing a possibility of infection
and contamination.

SOLUTION TO PROBLEM

[0006] The presently disclosed analysis apparatus
comprises: a housing that has an opening; a door that
opens and closes the opening; an analyte container set-
ting section that is accommodated in the housing and
allows an analyte container to be set therein, the analyte
container containing an analyte to be analyzed; a blower
that creates an airflow in the housing; and an air filter that
filters air blown by the blower. As seen along an airflow
created by the blower while the door is opened, the an-
alyte container setting section is provided upstream of
the blower, the opening is provided upstream of the an-
alyte container setting section, and the air filter is provid-
ed downstream of the analyte container setting section.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] In the present disclosure, the blower induces
air around the housing to create an airflow. The blower
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creates the airflow through the opening, the analyte con-
tainer setting section, and the air filter in this order. The
blower is provided downstream of the opening as seen
along the airflow.

[0008] Whenthe operatorsetsa subjectto be analyzed
such as an analyte container in the analysis apparatus,
a flow of air through the opening into the housing is cre-
ated to prevent harmful substances such as viruses con-
tained in an analyte from being discharged toward the
operator. This can reduce a possibility that the operator
may be infected with the viruses or the like. The air flowing
into the housing through the opening passes around the
analyte container setting section. Creating a flow of air
around the analyte container setting section suppresses
floating and entering of an analyte in an analyte container
into another analyte container and can thus reduce a
possibility of analyte contamination. The air having
passed around the analyte container setting section is
sucked into the air filter and thus filtered thereby. The air
filter adsorbs and thus removes harmful substances from
air, and thus allows harmless air be discharged outside
the housing.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1 schematically shows an example of a config-
uration of an analysis system.

Fig. 2 shows a holding device in which a container
is set, as viewed in a direction along a Z-axis.

Fig. 3is a cross section of the holding device in which
a container is set, as viewed in a direction along the
Y-axis.

Fig. 4 schematically shows each step of an analysis
process performed by an analysis apparatus.

Fig. 5is a schematic cross section of an internal con-
figuration of a housing.

Fig. 6 is a schematic cross section of the internal
configuration of the housing with an upper door
closed.

Fig. 7 is a schematic plan view generally showing a
configuration of a moving device.

Fig. 8 is afront perspective view of the moving device
shown in Fig. 7.

Fig. 9 is a perspective, enlarged view of a vicinity of
a holding section mounted on a movable plate.

Fig. 10 schematically shows a configuration of an
optical unit.

Fig. 11 is a perspective view showing a configuration
of a fluorescence spectroscopy section.

Fig. 12 schematically illustrates an optical path when
measuring light of a light source.

Fig. 13 is a partial cross section specifically showing
a configuration of a temperature adjustment section
in an exemplary variation.

Fig. 14 is a cross section of the temperature adjust-
ment section taken along a line XIV-XIV indicated in
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Fig. 13.

Fig. 15 is a cross section specifically showing a con-
figuration of the temperature adjustment section in
another exemplary variation.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter,embodiments of the presentdisclo-
sure will be described in detail with reference to the ac-
companying drawings. In the figures, identical or corre-
sponding components are identically denoted and will
not be described repeatedly.

<Configuration of Analysis System 1>

[0011] Fig. 1 schematically shows anexample ofa con-
figuration of an analysis system 1 according to the
present embodiment. Analysis system 1 is an apparatus
capable of fully automatically performing a process of
measuring and analyzing gene amplification by PCR over
time (in real time). Hereinafter, as shown in Fig. 1, a di-
rection along a vertical direction (in Fig. 1, an up-
ward/downward direction) will also be referred to as a "Z-
axis direction," and directions perpendicular to the verti-
cal direction and orthogonal to each other will also be
referred to as an "X-axis direction" and a "Y-axis direc-
tion," respectively.

[0012] Analysis system 1 comprises an analysis appa-
ratus 2 and a terminal 3 capable of communicating with
analysis apparatus 2. Terminal 3 is a general personal
computer including a display and operated by an opera-
tor.

[0013] Analysis apparatus 2 includes aninspection de-
vice 10, a control device 20, a temperature adjustment
device 30, and moving devices 4 and 5. Temperature
adjustmentdevice 30 includes a holding device (a holder)
40 configured to be capable of holding a plurality of con-
tainers 50 or the like. Holding device 40 includes a tem-
perature adjustment section 41 and a holding section 42.
Temperature adjustment section 41 has a temperature
adjustment function (a heating function and a cooling
function) by a temperature source 44 represented by a
Peltier element, a heater, a cooling device, and the like,
and a heat lid 45. Holding section 42 has no temperature
adjustment function.

[0014] Moving device 4 includes an actuator (not
shown) that moves inspection device 10 in a horizontal
direction (the X- and Y-axis directions). Moving device 5
includes an actuator (not shown in Fig. 1) that moves
holding device 40 in the horizontal direction (the X- and
Y-axis directions). The actuators of the moving devices
4 and 5 operate in response to a command issued from
control device 20. By moving at least one of inspection
device 10 and holding device 40 in the horizontal direction
by moving devices 4 and 5, a relative distance between
inspection device 10 and holding device 40 in the hori-
zontal direction can be adjusted. Either one of moving
devices 4 and 5 may be dispensed with.
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[0015] Inspection device 10includes an optical unit 11,
a dispensing unit 12, an opening/closing unit 14, and an
irradiation unit 16.

[0016] Dispensing unit12is provided with a syringe 13
having a tip to which a nozzle extending in the Z-axis
direction is attached. A plunger (not shown) movable in
the Z-axis direction is provided inside the nozzle. Syringe
13 is configured to suck liquid in an amount correspond-
ing to an amount of a stroke of the plunger in a positive
direction along the Z-axis and discharge liquid in an
amount corresponding to an amount of a stroke of the
plungerin a negative direction along the Z-axis. Dispens-
ing unit 12 includes an actuator (not shown) for moving
syringe 13 in the Z-axis direction and an actuator (not
shown) for stroking the plunger in the nozzle in the Z-
axis direction. These actuators operate in response to a
command issued from control device 20.

[0017] Opening/closing unit 14 includes an open-
ing/closing mechanism having a projection that comes
into contact with and automatically opens/closes a lid of
container 50 held by holding device 40. Opening/closing
unit 14 operates in response to a command issued from
control device 20.

[0018] Irradiation unit 16 prevents contamination by ir-
radiating the projection of opening/closing unit 14 and a
vicinity thereof with UV light (a ultraviolet ray) in view of
a possibility that when opening/closing unit 14
opens/closes the lid of container 50 an analyte may ad-
here to the projection of opening/closing unit 14 and con-
taminate a next analyte.

[0019] Optical unit 11 is a device for analyzing infec-
tious viruses or genes contained in an analyte in contain-
er 50 by detecting fluorescence emitted from the analyte
when the analyte is irradiated with excitation light. Optical
unit 11 detects fluorescence for three wavelengths of red
(R), green (G), and blue (B), respectively, and outputs a
resultthereofto control device 20. Optical unit 11 includes
a light source (e.g., a light emitting diode) which emits
light, a lens for irradiating an analyte with light from the
light source and collecting fluorescence of the analyte,
etc., and a photodiode for detecting fluorescence emitted
from the analyte and converting the detected fluores-
cence into analyzable digital data, etc.

[0020] Although not shown, control device 20 includes
a CPU (a central processing unit), a memory, an in-
put/output buffer, etc. Upon receiving a start analysis
command from terminal 3, control device 20 controls
each part of analysis apparatus 2 (each unitin inspection
device 10, moving devices 4 and 5, and temperature
source 44 and heat lid 45 of temperature adjustment de-
vice 30) in accordance with a predetermined procedure
to analyze infectious viruses or genes contained in the
analyte. Control device 20 causes a display of terminal
3 to display an analysis result of analysis apparatus 2.
[0021] Fig. 2 shows holding device 40 in which con-
tainer 50 is set, as viewed in a direction along the Z-axis.
Holding device 40 has an arrangement surface extending
in the XY plane and allowing a plurality of containers 50
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to be two-dimensionally disposed therein. Inspection de-
vice 10 and holding device 40 are configured to be mov-
able relative to each other two-dimensionally along the
arrangement surface of the holding devices 40 by moving
devices 4 and 5.

[0022] Container 50 disposed in the arrangement sur-
face of holding device 40 includes a PCR container (a
reaction container) 51 receiving a liquid to be subjected
to a thermal cycle (an analyte to which each reagent is
added), a reagent container 52 receiving each reagent,
and an analyte container 54 receiving an analyte alone.
[0023] Four PCR containers 51a, 51b, 51c and 51d
disposed one-dimensionally in the X-axis direction are
set as one set, and four such sets of PCR containers 51
are disposed in the Y-axis direction.

[0024] Four reagent containers 52a, 52b, 52c and 52d
disposed one-dimensionally in the X-axis direction are
set as one set, and four such sets of reagent containers
52 are disposed in the Y-axis direction. Reagent contain-
er 52a contains an analyte treatment liquid in advance.
Reagent container 52b contains a reaction liquid in ad-
vance. Reagent container 52c contains a primer/probe
liquid (a liquid containing a primer and a probe) in ad-
vance. Reagent container 52d contains an enzyme liquid
in advance. Four reagent containers 52a, 52b, 52c and
52d are provided (or commercially available) as one set
as a reagent kit such that the reagents are sealed in ad-
vance in an amount necessary for analyzing at least one
analyte.

[0025] Four analyte containers 54 are disposed one-
dimensionally in the Y-axis direction. In analysis appa-
ratus 2 according to the present embodiment, by intro-
ducing different analytes in four analyte containers 54,
respectively, disposed in the Y-axis direction, four ana-
lytes can be analyzed at one time.

[0026] Astep(aholeoradepression)inwhichaportion
of each container 50 (PCR container 51, reagent con-
tainer 52, and analyte container 54) can be inserted in
the Z-axis direction is formed in holding device 40 at a
position where each container 50 is disposed. By insert-
ing each container 50 along a corresponding step, each
container 50 is positionally fixed in the X-axis direction
and the Y-axis direction.

[0027] A dispensing pipette tip 53 for dispensing an
analyte and a reagent is disposed in an area of holding
device 40 betweenreagent container 52 and analyte con-
tainer 54. Dispensing pipette tip 53 is attached to the
nozzle of syringe 13 and thus used.

[0028] In the present embodiment, dispensing pipette
tip 53 includes a long pipette tip 53a used for analyte
container 54 and a short pipette tip 53b (a pipette tip for
a small amount) used for PCR container 51 and reagent
container 52. One long pipette tip 53a and two short pi-
pette tips 53b disposed one-dimensionally in the X-axis
direction are provided as one set, and four such sets of
dispensing pipette tips 53 are disposed in the Y-axis di-
rection.

[0029] PCR container 51 to be subjected to a thermal
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cycle is disposed in temperature adjustment section 41
having a temperature adjustment function, and reagent
container 52, dispensing pipette tip 53 and analyte con-
tainer 54 are disposed in holding section 42 having no
temperature adjustment function.

[0030] Further, holding device 40 is provided with a
pipette tip discarding section 43 for discarding dispensing
pipette tip 53 used. When dispensing pipette tip 53 fitted
to the nozzle of syringe 13 is detached from the nozzle,
an upper end of dispensing pipette tip 53 is hooked on
to a lower surface of a recess of pipette tip discarding
section 43 and the nozzle is moved upward, whereby
dispensing pipette tip 53 is detached from the nozzle and
discarded.

[0031] Although not shownin Fig. 2, each container 50
has a container body and a lid which can be
opened/closed with respect to the container body. Each
container 50 is a resin molded product having the lid and
the container body integrated together.

[0032] Fig. 3 is a cross section of holding device 40
with container 50 set, as viewed in a direction along the
Y-axis. As is also shown in Fig. 2, holding device 40 re-
ceives analyte container 54, long pipette tip 53a, two
short pipette tips 53b, reagent containers 52a, 52b, 52¢
and 52d, and PCR containers 51a, 51b, 51c and 51d
disposed in this order in the X-axis direction.

[0033] Asis also shown in Fig. 2, analyte container 54
is disposed in holding section 42. Holding section 42 cor-
responds to an analyte container setting section accord-
ing to an embodiment allowing analyte container 54 to
be set therein, the analyte container containing therein
an analyte to be analyzed. Holding section 42 further
allows reagent container 52 to be set therein, the reagent
container containing a reagent therein to be used for an
analysis. Holding section 42 further allows dispensing
pipette tip 53 to be set therein for dispensing the analyte
contained in analyte container 54 and the reagent con-
tained in reagent container 52. Holding section 42 is hol-
lowed.

[0034] Holding section 42 has an upper surface with a
plurality of suction holes 61 (not shown in Fig. 2) for suck-
ing air from outside holding section 42 into holding section
42. Suction holes 61 are formed in a vicinity of analyte
container 54. Suction holes 61 are formed in the upper
surface ofholding section 42 in a vicinity of a step allowing
analyte container 54 to be inserted. Typically, suction
holes 61 are formed around the step allowing analyte
container 54 to be inserted, and surrounds the step. Suc-
tion holes 61 are not limited to being formed in the vicinity
of analyte container 54, and may be formed in a vicinity
of reagent container 52 and dispensing pipette tip 53.
[0035] Holding section 42 has a side surface with a
plurality of ventilation holes 62 allowing air to flow out
from inside holding section 42 to outside holding section
42.

[0036] Ventilation holes 62 are formed in a vicinity of
analyte container 54 and in a vicinity of dispensing pipette
tip 53. Ventilation holes 62 may be provided as desired
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in number and location, and may also be formed in a
bottom surface of holding unit 42 in addition to the side
surface thereof.

<Analysis Process>

[0037] When an operator sets each container 50 (PCR
container 51, reagent container 52, and analyte container
54) and dispensing pipette tip 53 (long pipette tip 53a
and short pipette tip 53b) in holding device 40, and inputs
a start analysis command to terminal 3 to start an anal-
ysis, analysis apparatus 2 starts an analysis process.
[0038] Fig. 4 schematically shows each step of the
analysis process performed by analysis apparatus 2. In
the analysis process, steps S1 to S6 are executed in this
order.

[0039] Initially, in step S1, a step of dispensing 5 p.L of
an analyte into PCR container 51b (i.e., sample injection)
is performed. Specifically, control device 20 initially con-
trols dispensing unit 12 and moving devices 4 and 5 so
that long pipette tip 53a is attached to the nozzle of sy-
ringe 13 and 25 p.L of the analyte is collected from analyte
container 54 and dispensed into PCR container 51a.
[0040] Subsequently, control device 20 controls dis-
pensing unit 12 and moving devices 4 and 5 to discard
long pipette tip 53a at pipette tip discarding section 43.
[0041] Subsequently, control device 20 controls dis-
pensing unit 12 and moving devices 4 and 5 so that short
pipette tip 53b is attached to the nozzle of syringe 13 and
5 pL of the analyte is collected from PCR container 51a
and dispensed into PCR container 51b.

[0042] Note that long pipette tip 53a is used to collect
25 plL of the analyte and temporarily dispense the col-
lected analyte into PCR container 51a and long pipette
tip 53ais then replaced with short pipette tip 53b to collect
5 pL ofthe analyte from PCR container 51a and dispense
the collected analyte into PCR container 51b in order to
precisely dispense 5 uL of the analyte into PCR container
51b. In other words, the plunger provided inside the noz-
zle of syringe 13 is thin as it basically corresponds to
short pipette tip 53b that dispenses a small amount, and,
for the same amount of stroking, using long pipette tip
53a may result in dispensing with reduced precision and
hence failing to obtain an accurate result. Accordingly,
in the present embodiment, long pipette tip 53a is initially
used to once collect an analyte and dispense the collect-
ed analyte in an amount of 25 pL, which is larger than 5
pL, into PCR container 51a different from PCR container
51b, and long pipette tip 53a is replaced with short pipette
tip 53b, which is used to collect the analyte from PCR
container 51a precisely in an amount of 5 pL and dis-
pense the collected analyte into PCR container 51b. The
analyte can thus be dispensed into PCR container 51b
precisely in a small amount of 5 pL.

[0043] Inthe nextstep S2,5 pL of an analyte treatment
liquid is added to PCR container 51b. Specifically, control
device 20 initially controls dispensing unit 12 and moving
devices 4 and 5 to collect 5 pL of the analyte treatment
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liquid from reagent container 52a, dispense the 5 L of
the analyte treatment liquid into PCR container 51b, and
reciprocate (or vertically move) syringe 13 to agitate the
contents in PCR container 51b.

[0044] Subsequently, control device 20 controls dis-
pensing unit 12 and moving devices 4 and 5 to discard
short pipette tip 53b in pipette tip discarding section 43.
[0045] Inthe nextstep S3, PCRcontainer51bisheated
and rapidly cooled. Specifically, control device 20 con-
trols temperature adjustment section 41 sothat PCR con-
tainer 51b is heated to maintain the analyte in PCR con-
tainer 51b at a temperature of 90°C for 5 minutes, and
thereafter PCR container 51b is rapidly cooled to return
the temperature of the analyte in PCR container 51b to
20°C (or room temperature).

[0046] PCR container 51b is inserted into a step that
isarecess in an upper surface of temperature adjustment
section 41. Temperature adjustment section 41 is an ex-
cellently thermally conductive metal plate formed for ex-
ample of aluminum. Temperature adjustment section 41
is in thermal contact with temperature source 44. An an-
alyte in PCR container 51b is controlled in temperature
as temperature source 44 heats and cools temperature
adjustment section 41 according to a preset program.
This provides the analyte in a predetermined temperature
profile suitable for a reaction.

[0047] Heat lid 45 is in thermal contact with the lid of
PCR container 51b when the container body is closed
by the lid. Heatlid 45 is a metal plate with a heating source
such as a sheet heater attached thereto. The heating
source heats the lid and thus prevents liquid from vapor-
izing in PCR container 51b and changing a condition for
the reaction.

[0048] In the next step S4, each reagent is added to
PCR container 51b. Specifically, control device 20 con-
trols dispensing unit 12 and moving devices 4 and 5 to
initially collect 7.8 pL of a reaction liquid from reagent
container 52b and dispense the collected reaction liquid
into reagent container 52d containing 2.4 pL of an en-
zyme in advance.

[0049] Subsequently, control device 20 controls dis-
pensing unit 12 and moving devices 4 and 5 to collect
7.8 pL of a primer/probe liquid from reagent container
52c, dispense the collected liquid into reagent container
52d, and reciprocate (or vertically move) syringe 13 to
agitate the contents in reagent container 52d. At this point
intime, reagent container 52d contains a reagent mixture
liquid in an amount of 18 L.

[0050] Subsequently, control device 20 controls dis-
pensing unit 12 and moving devices 4 and 5 to collect 15
pL of the reagent mixture liquid from reagent container
52d, dispenses the 15 pL of the reagent mixture liquid
into PCR container 51b, and reciprocate (or vertically
move) syringe 13 to agitate the contents in PCR container
51b.

[0051] In the next step S5, PCR container 51b under-
goes a thermal cycle process. Specifically, control device
20 controls temperature adjustment section 41 to main-
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tain the liquid in PCR container 51b at a temperature of
42°C for 10 minutes to cause a reverse transcription re-
action, and thereafter maintain the liquid in PCR contain-
er 51b at a temperature of 95°C for 1 minute to activate
the enzyme.

[0052] Subsequently, control device 20 controls tem-
perature adjustment section 41 to maintain the liquid in
PCR container 51b at a temperature of 95°C for 5 sec-
onds and thereafter maintain the liquid in PCR container
51b at a temperature of 60°C for 30 seconds to perform
an amplification process to amplify a gene. This amplifi-
cation process is performed for 45 cycles.

[0053] In the next step S6, three-wavelength fluores-
cence detection is performed. Specifically, after the am-
plification process, control device 20 controls tempera-
ture adjustment section 41 and optical unit 11 to subject
the liquid in PCR container 51b to three-wavelength flu-
orescence detection while setting the liquid in PCR con-
tainer 51b at a temperature of 60°C. The three-wave-
length fluorescence detection is performed whenever the
amplification process is performed. A result of the three-
wavelength fluorescence detection (a result of the anal-
ysis process by analysis apparatus 2) is displayed on a
display of terminal 3.

<Internal Configuration of Housing 200>

[0054] Hereinafter, a housing 200 that houses each
configuration included in analysis apparatus 2, and an
internal configuration of housing 200 will be described.
Fig. 5 is a schematic cross section of the internal config-
uration of housing 200. As shown in Fig. 5, analysis ap-
paratus 2 comprises housing 200.

[0055] Housing 200 internally has a structure of four
floors and is provided with a first floor portion 201, a sec-
ond floor portion 202, a third floor portion 203, and a
fourth floor portion 204 in this order from the bottom to-
ward the top. Optical unit 11 also shown in Fig. 1 and
holding device 40 described with reference to Figs. 2 and
3 are housed in housing 200. More specifically, holding
device 40 is disposed in third floor portion 203. Optical
unit 11 is disposed in fourth floor portion 204.

[0056] Housing 200 has a front surface on a side where
an operator accesses analysis apparatus 2, and a rear
surface opposite to the front surface. In Fig. 5, a left sur-
face of housing 200 is the front surface, and a right sur-
face of housing 200 is the rear surface. Holding device
40 shown in Fig. 5 is disposed inside housing 200 on the
side of the front surface.

[0057] Housing 200 has an opening 221. Opening 221
is provided on the side of the front surface of housing
200. More specifically, opening 221 is formed at a portion
of a ceiling portion of third floor portion 203. Opening 221
is open upward.

[0058] Housing 200 has anupperdoor211 and alower
door 212. Upper door 211 and lower door 212 are con-
figured to be openable and closable. Upper door 211 is
opened and closed, for example, by rotating, with an up-
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per edge thereof serving as an axis of rotation, relative
to the body of housing 200. Upper door 211 rotates up-
ward and thus opens. Lower door 212 is opened and
closed, forexample, by rotating, with a lower edge thereof
serving as an axis of rotation, relative to the body of hous-
ing 200. Lower door 212 rotates downward and thus
opens. Upper door 211 shown in Fig. 5 is in an open
state. Lower door 212 shown in Fig. 5is in a closed state.
[0059] Upperdoor211 opens and closes opening 221.
While upper door 211 is open, holding device 40 is ex-
ternally exposed through opening 221. The operator can
access holding device 40 through opening 221. Through
opening 221, the operator can set each container 50
(PCR container 51, reagent container 52, and analyte
container 54) and dispensing pipette tip 53 in holding
device 40 inside housing 200. Thus, a user operation
section 220 that is a space in which the operator sets
container 50 and dispensing pipette tip 53 in holding de-
vice 40, is configured.

[0060] Housing 200 furtherhouses ablower230. Blow-
er 230 is disposed in first floor portion 201. Blower 230
is disposed on a front side of housing 200. Blower 230
is disposed immediately behind lower door 212 in the
closed state. Blower 230 is disposed below holding de-
vice 40. In Fig. 5, blower 230 is disposed directly under
holding device 40. Blower 230 creates a flow of air in
housing 200. A blank arrow shown in Fig. 5 indicates a
direction of a flow of air created by blower 230.

[0061] While upper door 211 is open as shown in Fig.
5, blower 230 induces air around housing 200 to create
an airflow from outside housing 200 into housing 200. As
seen along the flow of air created by blower 230, holding
device 40 is provided upstream of blower 230, and open-
ing 221 is provided upstream of holding device 40. Blower
230 creates a negative pressure in a vicinity of opening
221.

[0062] The air that has passed through opening 221
and flowed into housing 200 passes around holding de-
vice 40 (or holding section 42) and flows downward. At
least a portion of the air flows into holding section 42
through suction holes 61 and flows out of holding section
42 through ventilation holes 62. After the air flows around
holding device 40, the air is sucked toward the back of
housing 200. After the air flows around holding device
40, the air flows in a direction away from opening 221.
[0063] When the operator sets container 50 and dis-
pensing pipette tip 53 in holding device 40, a flow of air
through opening 221 into housing 200 is created. This
suppresses discharging toward the operator of harmful
substances such as viruses contained in an analyte.
[0064] Housing 200 further houses an air filter 240 and
a prefilter 241. Air filter 240 is disposed above blower
230. Prefilter 241 is disposed above air filter 240. Air filter
240 is disposed directly above blower 230, and prefilter
241 is disposed directly above air filter 240. In Fig. 5, air
filter 240 and prefilter 241 are disposed directly under
holding device 40.

[0065] Air filter 240 is, for example, a HEPA (High Ef-
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ficiency Particulate Air) filter. The HEPA filter is an air
filter which has a particle trapping ratio of 99.97 % or
more at a rated flow rate for particles having a particle
size of 0.3 um and exhibits performance with a process-
ing pressure drop of 245 Pa or less (as defined according
to JIS Z 8122). Air filter 240 may be another type of filter,
such as a ULPA (Ultra Low Penetration Air) filter.
[0066] As seen along the flow of air created by blower
230, air filter 240 is provided downstream of holding de-
vice 40 (or holding section 42). The air flowing via holding
device 40 passes through prefilter 241 and air filter 240
in this order. Air filter 240 and prefilter 241 filter air blown
by blower 230. Air filter 240 adsorbs harmful substances
such as viruses serving as an infection source and re-
moves the harmful substances from the air. Prefilter 241
removes particles having a larger diameter than the
harmful substances. For example, prefilter 241 removes
dust from the air.

[0067] Air filter 240 and prefilter 241 are disposed on
the front side of housing 200. Prefilter 241 and air filter
240 are disposed immediately behind lower door 212 in
the closed state. The operator can easily access air filter
240 and prefilter 241 by opening lower door 212. Thus,
the operator can easily perform maintenance operations
such as cleaning or replacement of air filter 240 and pre-
filter 241.

[0068] As indicated in Fig. 5 by a blank arrow, the air
having passed through blower 230 flows toward the rear
surface of housing 200. An exhaust port 250 is formed
through the rear surface of housing 200. Exhaust port
250 exhausts air outside housing 200. Air to be exhaust-
ed from housing 200 passes through exhaust port 250.
By blower 230, air flowing through opening 221 into hous-
ing 200 passes through holding device 40, is filtered by
prefilter 241 and air filter 240, and is exhausted toward
the rear surface of housing 200.

[0069] In Fig. 5, air filter 240 and prefilter 241 are dis-
posed upstream of blower 230 as seen along the flow of
air. Air filter 240 and prefilter 241 are disposed between
holding device 40 and blower 230 as seen along the flow
of air. This arrangement is not exclusive, and air filter 240
and prefilter 241 may be disposed downstream of blower
230 as seen along the flow of air. Air filter 240 and prefilter
241 may be disposed between blower 230 and exhaust
port 250 as seen along the flow of air.

<Moving Device 5>

[0070] Fig. 6 is a schematic cross section of an internal
configuration of housing 200 with upper door 211 closed.
Upper door 211 in the closed state covers opening 221
of housing 200, and opening 221 is thus unexposed out-
side housing 200. While upperdoor 211 is closed, moving
device 5 (see Fig. 1) operates to move holding device 40
inside housing 200 toward the rear surface. Performing
the analysis process with holding device 40 moved away
from opening 221 reduces a possibility that the operator
is infected when an analyte splashes or the like as it is

10

15

20

25

30

35

40

45

50

55

dispensed. Performing the analysis process while con-
tinuing to create a flow of air around holding device 40
further reduces a possibility that an analyte is contami-
nated when it is dispensed, agitated and/or the like.
[0071] Moving device 5 will more specifically be de-
scribed below. Fig. 7 is a schematic plan view showing
a schematic configuration of moving device 5. Fig. 8 is a
front perspective view of moving device 5 shown in Fig. 7.
[0072] Moving device 5 includes a plate-shaped sup-
port plate 500. Support plate 500 has a substantially rec-
tangular shape in plan view. Support plate 500 consti-
tutes a floor portion of third floor portion 203 of housing
200, and constitutes a ceiling portion of second floor por-
tion 202 of housing 200. A notch 502 is provided at a
front edge of support plate 500. A downward flow of air,
indicated in Fig. 5 by a blank arrow extending from third
floor portion 203 to first floor portion 201, flows from third
floor portion 203 to second floor portion 202 through
notch 502.

[0073] Moving device 5 includes an X-axis motor 511.
X-axis motor 511 generates a driving force to move hold-
ing device 40 in the X-axis direction. X-axis motor 511 is
supported by support plate 500 and arranged to be sus-
pended below support plate 500. X-axis motor 511 is
disposed in second floor portion 202 of housing 200.
[0074] A pulley 513 is connected to an output shaft of
X-axis motor 511. A pulley 514 is disposed at a position
away from pulley 513 in the X-axis direction toward the
rear surface of housing 200. An X-axis belt 512 is wound
on pulleys 513 and 514. X-axis belt 512 extends in the
X-axis direction. X-axis belt 512 receives the driving force
generated by X-axis motor 511 and thus rotates in op-
posite directions.

[0075] An X-axisrail 521 is disposed in a vicinity of one
edge of support plate 500 extending in the X-axis direc-
tion. X-axis rail 521 extends in the X-axis direction. An
X-axis slider 522 is mounted on X-axis rail 521. X-axis
slider 522 is guided by X-axis rail 521 and thus recipro-
cates in the X-axis direction.

[0076] An X-axisrail 531 is disposed in a vicinity of the
other edge of support plate 500 extending in the X-axis
direction. X-axis rail 531 extends in the X-axis direction.
X-axis rail 521 and X-axis rail 531 are spaced in the Y-
axis direction and disposed in parallel. An X-axis slider
532 is mounted on X-axis rail 531. X-axis slider 532 is
guided by X-axis rail 531 and thus reciprocates in the X-
axis direction.

[0077] X-axis slider 522 and X-axis slider 532 recipro-
cate in the X-axis direction together with X-axis belt 512
that receives the driving force generated by X-axis motor
511 and thus rotates.

[0078] A coupler 533 is mounted on X-axis slider 532.
A movable plate 540 has opposite ends supported by X-
axis slider 522 and coupler 533. Movable plate 540, hav-
ing a longitudinal direction in the Y-axis direction, has a
first end fixed to X-axis slider 522. Movable plate 540 has
a second end fixed to coupler 533. Movable plate 540
has a through hole 541 penetrating movable plate 540
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in a direction along its thickness and extending in the Y-
axis direction. A Y-axis rail 561 is mounted on movable
plate 540.

[0079] Moving device 5 includes a Y-axis motor 551.
Y-axis motor 551 generates a driving force to move hold-
ing device 40 in the Y-axis direction. Y-axis motor 551 is
supported by support plate 500, and is arranged to be
suspended below support plate 500. Y-axis motor 551 is
disposed in second floor portion 202 of housing 200. X-
axis motor 511 and Y-axis motor 551 constitute an actu-
ator that moves holding device 40 in a horizontal direction
(or directions along the X and Y axes).

[0080] A pulley 553 is coupled to an output shaft of Y-
axis motor 551. A pulley 554 is disposed at a position
away from pulley 553 in the X-axis direction toward the
rear surface of housing 200. Pulleys 553 and 554 are
disposed in a vicinity of X-axis rail 531. A pulley 555 is
disposed at a position which is between pulleys 553 and
554 in the X-axis direction and is in a vicinity of X-axis
rail 521 in the Y-axis direction. Pulley 555 is supported
on a lower surface of movable plate 540. A Y-axis belt
552 is wound on pulley 553, pulley 554, and pulley 555.
Y-axis belt 552 receives the driving force generated by
Y-axis motor 551 and thus rotates in opposite directions.
[0081] Y-axis belt552is generally in the form of a letter
T in plan view. A pair of idlers 556 and 557 is disposed
at a position where the lateral and longitudinal lines of
the letter T meet. Idlers 556 and 557 guide Y-axis belt
552. Idlers 556 and 557 are supported on the lower sur-
face of movable plate 540.

[0082] Fig.9is an enlarged perspective view showing
a vicinity of holding section 42 mounted on movable plate
540. A Y-axis slider 562 is mounted on Y-axis rail 561.
Y-axis slider 562 is guided by Y-axis rail 561 and thus
reciprocates in the Y-axis direction.

[0083] Holding section 42 is mounted on Y-axis slider
562. Holding section 42 is mounted on movable plate
540 via Y-axis slider 562 and Y-axis rail 561. An arm
portion 563 extends downward from Y-axis slider 562.
Arm portion 563 extends in the Z-axis direction through
through hole 541 of movable plate 540. A gripper 564 is
provided at a lower end of arm portion 563. Gripper 564
grips Y-axis belt 552.

[0084] When X-axis motor 511 is driven in response
to a command received from control device 20 (see Fig.
1), X-axis belt 512 rotates, and as X-axis belt 512 rotates,
X-axis sliders 522 and 532 move in the X-axis direction.
When the X-axis sliders move, movable plate 540, Y-axis
rail 561 mounted on movable plate 540, and pulley 555
and idlers 556 and 557 supported by movable plate 540
move together in the X-axis direction. Holding section 42
mounted on movable plate 540 via Y-axis slider 562
moves in the X-axis direction.

[0085] When Y-axis motor 551 is driven in response
to a command received from control device 20, Y-axis
belt 552 rotates. Gripper 564 that grips Y-axis belt 552
moves in the Y-axis direction as Y-axis belt 552 rotates.
This moves Y-axis slider 562 and holding section 42

10

15

20

25

30

35

40

45

50

55

mounted on Y-axis slider 562 together in the Y-axis di-
rection.

[0086] In this way, by driving moving device 5 that hor-
izontally moves holding section 42 by a belt and pulley,
X-axis motor 511 and Y-axis motor 551 that are an ac-
tuator for moving device 5 can be disposed at positions
differentin the Z-axis direction from that of holding section
42 that moves above support plate 500. X-axis belt 512
and pulleys 513 and 514 for moving holding section 42
in the X-axis direction and Y-axis belt 552 and pulleys
553, 554 and 555 for moving holding section 42 in the Y-
axis direction can be disposed on the same plane. This
allows moving device 5 to be reduced in size.

[0087] X-axis motor 511 and Y-axis motor 551 are both
supported below support plate 500, and either one of X-
axis motor 511 and Y-axis motor 551 does not move the
other. A portion that is carried by X-axis motor 511 and
Y-axis motor 551 is reduced in weight, and a requirement
for X-axis motor 511 and Y-axis motor 551 in perform-
ance can be reduced. This can reduce a cost for manu-
facturing moving device 5. Allowing holding section 42
tomove fastallows an analyte to be analyzed in areduced
period of time.

<Optical Unit 11>

[0088] Holding device 40 shown in Fig. 6 is moved to-
ward the rear surface of housing 200 by moving device
5 so that temperature adjustment section 41 is disposed
directly under optical unit 11. Optical unit 11 irradiates
with light for excitation a liquid which is contained in PCR
container 51b held by temperature adjustment section
41 and contains an analyte, and optical unit 11 detects
fluorescence emitted from the analyte. Optical unit 11
will more specifically be described below.

[0089] Fig. 10 schematically shows a configuration of
optical unit 11. Optical unit 11 mainly includes a light
source 111, a fluorescence spectroscopy section 115,
and a photodetector 118.

[0090] Light source 111 is, for example, a white LED
(Light Emitting Diode). Light source 111 emits multicolor
light (white light). The white light emitted from light source
111 is collimated by a lens 112 and thus reaches fluo-
rescence spectroscopy section 115.

[0091] Fluorescence spectroscopy section 115 in-
cludes a filter 113 for excitation light. The white light is
made substantially monochrome by filter 113. Filter 113
includes a red filter 113R, a green filter 113G, and a blue
filter 113B. The white light passes through red filter 113R
to be red monochrome light, passes through green filter
113G to be green monochrome light, and passes through
blue filter 113B to be blue monochrome light. Filter 113
may be a bandpass filter.

[0092] Fig. 11 is a perspective view of a configuration
of fluorescence spectroscopy section 115. Fluorescence
spectroscopy section 115includes ared unit 160, agreen
unit 170, and a blue unit 180, and is adapted to switch
three wavelengths. Red unit 160, green unit 170, blue



15 EP 4 234 677 A1 16

unit 180, and a reflection plate 190 are mounted on an
upper surface of a supporting plate portion 150.

[0093] Fluorescence spectroscopy section 115 shown
in Fig. 11 is integrally configured to be capable of linearly
reciprocating in a direction orthogonal to a plane of a
measuring optical system (a direction indicated in Fig.
11 by a solid arrow, and a direction in Fig. 10 perpendic-
ular to the plane of the sheet of the figure), and can thus
switch a wavelength to be measured. Fluorescence
spectroscopy section 115 may be moved by a driver in-
cluding a motor, a pulley, and a belt. Fluorescence spec-
troscopy section 115 may be moved by a driver including
another mechanism such as a rack and pinion mecha-
nism. Moving fluorescence spectroscopy section 115 al-
lows switching of a wavelength to be measured.

[0094] Red unit 160 includes red filter 113R (hidden in
Fig. 11 and thus not shown) described above, a dichroic
mirror 161, and a fluorescence filter 162. Green unit 170
includes green filter 113G (hidden in Fig. 11 and thus not
shown) described above, a dichroic mirror 171, and a
fluorescence filter 172. Blue unit 180 includes blue filter
113B (hidden in Fig. 11 and thus not shown) described
above, a dichroic mirror 181, and a fluorescence filter
182. Dichroic mirrors 161, 171, and 181 are disposed at
an angle of 45° with respect to a collimated beam that
reaches fluorescence spectroscopy section 115.

[0095] Dichroic mirrors 161,171, and 181 have an op-
tical characteristic that substantially reflects light of the
wavelength band of the excitation light. Therefore, most
of the excitation light is reflected by dichroic mirrors 161,
171, and 181, directed downward in Fig. 10, condensed
by lens 116, and thus irradiates a surface of a liquid of a
specimen in PCR container 51b.

[0096] The specimen irradiated with the excitation light
generates fluorescence, which partially reaches and is
generally collimated by lens 116 and thus directed up-
ward in Fig. 10, and again reaches dichroic mirrors 161,
171, and 181.

[0097] Dichroic mirrors 161,171, and 181 have an op-
tical characteristic that substantially transmits light of the
wavelength band of fluorescence. Therefore, most of flu-
orescence passes through dichroic mirrors 161,171, and
181 and reaches fluorescence filters 162, 172, and 182.
Atfter fluorescence filters 162, 172, and 182 cut energy
in an extra wavelength band other than the wavelength
band of fluorescence, the fluorescence is condensed by
alens 117, incident on photodetector 118, and converted
into an electric signal.

[0098] AsshowninFig. 11, fluorescence spectroscopy
section 115 further includes reflection plate 190. Reflec-
tion plate 190 is a member that forms an optical path for
guiding light from light source 111 directly to photodetec-
tor 118. Reflection plate 190 is, for example, a flat plate
of metal. Reflection plate 190 has a surface subjected to
black surface treatment. When measuring an amount of
energy of light source 111, fluorescence spectroscopy
section 115 is moved and thus positioned so that reflec-
tion plate 190 is irradiated with light emitted from light
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source 111.

[0099] Fig. 12 schematically illustrates an optical path
when measuring light of a light source. Reflection plate
190 forms a surface orthogonal to those of dichroic mir-
rors 161,171, and 181 described above. Reflection plate
190 is irradiated with white light collimated by lens 112,
and a portion of diffuse reflection of light from reflection
plate 190 reaches lens 117 and is condensed by lens
117 and incident on photodetector 118. An amount of
energy of light source 111 can thus be measured without
a specimen interposed.

[0100] An initial value for an amount of energy of light
source 111 can be stored as a reference in a memory of
control device 20. As analysis apparatus 2 is operated
for an increased period of time, light source 111 deteri-
orates, and even if an amount of energy radiated by light
source 111 changes, an influence of the deterioration
can be corrected and a result can be output. Since it is
unnecessary to additionally introduce a separate photo-
detector for measuring light of a light source and a light
detection system used for measuring fluorescence can
be used as it is, it is also advantageous in terms of cost
reduction and space saving.

[0101] Generally, energy of fluorescence of a speci-
men is much smaller than energy of excitation light ap-
plied to the specimen. Accordingly, the light detection
system is often gain-set depending on a difference in
amount of energy between excitation light and fluores-
cence. In that case, when photodetector 118 is irradiated
with light of a light source via reflection plate 190, meas-
urement may become impossible due to overgain. In or-
der to avoid such a situation, reflection plate 190 is not
a mirror or a similar optical element having high reflect-
ance and mostly providing regular reflection, and instead
a general metal plate subjected to black surface treat-
ment is used to guide to photodetector 118 only a com-
ponent of diffuse reflection from reflection plate 190. De-
spite that, if the energy is still excessive, a neutral-density
filter may be disposed at a position corresponding to a
location where filter 113 is disposed (e.g., immediately
after lens 112).

[0102] Instead of a configuration in which light emitted
from a light source is directly incident on a detector sys-
tem, by detecting light further indirectly emitted from the
light source, the light source’ energy may further be at-
tenuated and guided to photodetector 118. For example,
the Fig. 12 optical unit 11 may have reflection plate 190
removed therefrom and a surface which reflects light of
a light source radiated outside optical unit 11 may be
assumed to be a surface of the light source, and a second
reflection or a reflection of a higher order of light radiated
from the surface of the light source may reach photode-
tector 118.

[0103] In adjustment of assembling of optical unit 11,
a determined fluorescence sample serving as a refer-
ence for a fluorescence signal value can be measured
and a result thereof can be managed and stored as a
value unique to each optical unit 11. Thus, a difference
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caused when the same sample is measured due to a
difference of individual optical unit 11 can be corrected
and a factor of variation caused by a difference among
equipment between apparatuses and aging of each ap-
paratus with time can be eliminated to provide a more
reliable result.

[0104] Specifically, at a time of adjustmentin a factory,
areference sample fluorescence measurementvalue em
(1) for a first wavelength, a reference sample fluores-
cence measurement value em (2) for a second wave-
length, a reference sample fluorescence measurement
value em (3) for a third wavelength, and an initial light
intensity value i0 of light source 111 are photometrically
measured for each individual apparatus and stored in
non-volatile memory in the apparatus. After analysis ap-
paratus 2 is installed when it is adjusted a photometric
immediate value vi (n) is corrected, as indicated below,
and outputas v(n), where nis an integer equal to or larger
than 1 and equal to or smaller than 3).

v(n) = vi(n) x (A(n)/em(n)) x (10/ic)

where ic is a light intensity value of light source 111 pe-
riodically measured, updated and recorded. A(n) is any
constant and is a common value among all apparatuses.
[0105] Thus, whichever apparatus may be used for
measurement and whenever it may be timed therefor,
substantially the same value is obtained insofar as the
same sample is measured.

[0106] Optical unit 11 described above including an
accuracy compensation mechanism thatforms an optical
path for directly guiding light from light source 111 to pho-
todetector 118 without a specimeninterposed canreduce
an effect that variation in luminance of light source 111
has on a final fluorescence detection intensity value. Fur-
thermore, it can reduce variation in a fluorescence de-
tection intensity value associated with a difference
among equipment between apparatuses. A constant flu-
orescence detection result can be obtained regardless
of individual apparatuses or timing of measurement (or
a total operation time of the apparatus).

<Exemplary variation of temperature adjustment section
41>

[0107] When the analysis process described with ref-
erence to Fig. 4 is performed, temperature adjustment
section 41 is controlled in order to adjust the temperature
of an analyte in PCR container 51. In order to reduce a
period of time required for the analysis process, there is
ademandforincreasing arate of increasing and decreas-
ing the temperature of the analyte. Accordingly, there is
ademand for minimizing temperature adjustment section
41 in heat capacity while ensuring efficiency of heat con-
duction from temperature source 44 to PCR container
51. When the analytes in a plurality of PCR containers
51 are simultaneously analyzed by the same, single anal-
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ysis apparatus 2, there is also a demand for suppressing
variation of the analytes in temperature.

[0108] Fig. 13 is a partial cross section specifically
showing a configuration of temperature adjustment sec-
tion 41 in an exemplary variation. Temperature adjust-
ment section 41 shown in Fig. 13 includes a flat plate-
shaped base portion 410 and four container receptacle
portions 411A, 411B, 411C and 411D provided on a sur-
face of base portion 410. Container receptacle portions
411A, 411B, 411C and 411D project from base portion
410. Base portion 410 and each container receptacle por-
tion 411A, 411B, 411C, 411D are integrally formed of a
good thermal conductor such as a metal material repre-
sented by aluminum.

[0109] Temperature source 44 is attached to a back
surface of base portion 410. Temperature source 44 is
in thermal contact with base portion 410. Temperature
source 44 is, forexample, a Peltier element. Temperature
source 44 has a center portion 441 and edge portions
442 and 443. Container receptacle portion 411A is locat-
ed at a position opposite to edge portion 442 with base
portion 410 interposed. Container receptacle portion
411D is located at a position opposite to edge portion
443 with base portion 410 interposed. Container recep-
tacle portions 411B and 411C are located at positions
opposite to center portion 441 with base portion 410 in-
terposed.

[0110] Container receptacle portion 411A has a foot
portion 412A connected to base portion 410, atop portion
414A farthest away from base portion 410, and a radially
smaller portion 413A between foot portion 412A and top
portion 414A. Container receptacle portion 411A is open
at top portion 414A, and has a receptacle hole 415A
formed therein. Receptacle hole 415A has substantially
the same shape as the tip portion of PCR container 51a.
Receptacle hole 415A has a tapered shape correspond-
ing to the shape of the tip portion of PCR container 51a.
When the tip portion of PCR container 51a is received in
receptacle hole 415A and PCR container 51aiis thus ther-
mally brought into contact with container receptacle por-
tion 411A, PCR container 51a receives heat transferred
thereto, and the analyte in PCR container 51a varies in
temperature.

[0111] Radially smaller portion 413A is formed to have
an outer diameter smaller than that of foot portion 412A.
Foot portion 412A and radially smaller portion 413A each
have a generally cylindrical outer peripheral surface. The
outer peripheral surface of radially smaller portion 413A
is smaller in diameter than the outer peripheral surface
of foot portion 412A. Foot portion 412A is formed solid.
Radially smaller portion 413A has an open end on the
side of top portion 414A and a closed end on the side of
foot portion 412A. A portion of receptacle hole 415A is
formed inside radially smaller portion 413A, and radially
smaller portion 413A is internally hollow and has a bot-
tomed shape.

[0112] As well as container receptacle portion 411A,
container receptacle portions 411B, 411C and 411D
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have foot portions 412B, 412C and 412D, top portions
414B, 414C and 414D, and radially smaller portions
413B, 413C and 413D, respectively. Container recepta-
cle portions 411B, 411C, and 411D have receptacle
holes 415B, 415C, and 415D, respectively, formed there-
in.

[0113] Fig. 14 is a cross section of temperature adjust-
ment section 41 taken along a line XIV-XIV indicated in
Fig. 13. As shownin Fig. 14, foot portions 412A and 412D
have a circular cross section. In contrast, foot portions
412B and 412C have a substantially cross-shaped cross
section. Foot portions 412B and 412C in cross section
are smaller in area than foot portions 412A and 412D in
cross section.

[0114] Footportions412A,412B,412Cand412Dhave
a substantially equal maximum diameter dimension. Ra-
dially smaller portions 413B, 413C, 413D have the same
shape as radially smaller portion 413A. Radially smaller
portion 413D has a smaller diameter than foot portion
412D. Adiameter of a cylindrical outer peripheral surface
of radially smaller portion 413B is smaller than a maxi-
mum diameter dimension of foot portion 412B. A diam-
eter of a cylindrical outer peripheral surface of radially
smaller portion 413C is smaller than a maximum diam-
eter dimension of foot portion 412C.

[0115] Top portions 414A, 414B, 414C and 414D have
the same hollowed cylindrical shape. Top portions 414A,
414B, 414C and 414D have an outer diameter larger than
that of radially smaller portions 413A, 413B, 413C and
413D. Top portions 414A, 414B, 414C and 414D having
a large thickness enhance container receptacle portions
411A,411B,411C and 411D in strength and hence tem-
perature adjustment section 41 in durability and reliabil-
ity.

[0116] Temperature adjustment section 41 shown in
Figs. 13 and 14 has radially smaller portion 413A with a
reduced outer diameter and a reduced thickness. Tem-
perature adjustment section 41 having radially smaller
portion 413A is smaller in heat capacity than a temper-
ature adjustment section having no radially smaller por-
tion. In contrast, foot portion 412A closer to temperature
source 44 than radially smaller portion 413A, that has a
maximum diameter dimension larger than the outer di-
ameter of radially smaller portion 413A and has a large
thickness, ensures efficiency of heat conduction from
temperature source 44 to PCR container 51a. This allows
heat generated by temperature source 44 to be rapidly
transferred to the analyte in PCR container 51a, and can
increase a temperature at which the analyte’s tempera-
ture is raised and dropped.

[0117] When temperature source 44 is a Peltier ele-
ment, edge portions 442 and 443 tend to generate and
absorb heat in an amount relatively smaller than center
portion 441 does. In temperature adjustment section 41
shown in Figs. 13 and 14, amounts of heat conduction
from temperature source 44 to container receptacle por-
tions 411A, 411B, 411C and 411D are different depend-
ing on a difference between center portion 441 and edge

10

15

20

25

30

35

40

45

50

55

1"

portions 442 and 443 of temperature source 44 in amount
of heat absorbed and generated thereby. Specifically, an
amount of heat conduction is proportional to an area in
cross section of a heat conduction path, and accordingly,
an area in cross section of a heat conduction path to
container receptacle portions 411B and 411C directly
above center portion 441 of temperature source 44 is
made different from an area in cross section of a heat
conduction path to container receptacle portions 411A
and 411D located at edge portions 442 and 443 of tem-
perature source 44.

[0118] More specifically, foot portions 412B and 412C
of container receptacle portions 411B and 411C closer
to center portion 441 of temperature source 44 have a
smaller area in cross section than foot portions 412A and
412D of container receptacle portions 411A and 411D
closer to edge portions 442 and 443 of temperature
source 44. Foot portions 412B and 412C directly above
center portion 441 absorbing and generating heat in a
relatively large amount are relatively reduced in area in
cross section and hence in amount of heat conduction,
andfootportions412Aand 412D located atedge portions
442 and 443 absorbing and generating heatin arelatively
small amount are relatively increased in area in cross
section and hence in amount of heat conduction.
[0119] Changing each foot portion 412A, 412B, 412C,
412D in area in cross section to correspond to a differ-
ence in amount of heat conduction from temperature
source 44 to each foot portion 412A, 412B, 412C, 412D
reduces variation in amount of heat flowing into a portion
of each container receptacle portion 411A, 411B, 411C,
411D that comes into contact with PCR container 51.
This can reduce variation in temperature of an analyte in
PCR container 51 accommodated in each container re-
ceptacle portion 411A, 411B, 411C, 411D.

[0120] Radially smaller portions 413A, 413B, 413C
and 413D and top portions 414A, 414B, 414C and 414D
closer to PCR container 51 than foot portions 412A,
412B, 412C and 412D different in area in cross section
are identical in shape and equal in heat capacity. This
allows a more uniform transient response when an ana-
lyte in PCR container 51 accommodated in each contain-
er receptacle portion 411A, 411B, 411C, 411D rises and
drops in temperature.

[0121] A relationship between heat capacity, thermal
resistance, and temperature (a temperature difference
before and after thermal resistance) at a given time point
is represented by:

AT = ATO + EXP(-t/RC)

where AT represents a temperature difference after t sec-
onds, ATO represents a temperature difference at a time
point 0, R represents thermal resistance and C repre-
sents heat capacity.

[0122] PCR containers 51 accommodated in container
receptacle portions 411A, 411B, 411C and 411D have
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equal heat capacities. An amount of heat generated at
center portion 441 of temperature source 44 is different
from that of heat generated at edge portions 442 and 443
of temperature source 44. In this case, equalizing PCR
containers 51 accommodated in container receptacle
portions 411B and 411C directly above center portion
441 and PCR containers 51 accommodated in container
receptacle portions 411A and 411D at edge portions 442
and 443 in temperature after t seconds requires that an
amount of heat conduction from center portion 441 to
PCR containers 51 accommodated in container recep-
tacle portions 411B and 411C for t seconds and that of
heat conduction from edge portions 442 and 443 to PCR
containers 51 accommodated in container receptacle
portions 411A and 411D for t seconds match.

[0123] Changing container receptacle portions at foot
portions412A,412B,412C, 412D in areain cross section
can eliminate a difference between center portion 441
and edge portions 442 and 443 of temperature source
44 in amount of heat generated thereby to substantially
equalize an amount of heat conduction from center por-
tion 441 to PCR containers 51 accommodated in con-
tainer receptacle portions 411B and 411C and that of
heat conduction from edge portions 442 and 443 to PCR
containers 51 accommodated in container receptacle
portions411A and411D. Arelationship between foot por-
tions 412B and 412C and foot portions 412A and 412D
in area in cross section can be determined by analyzing
a positional relationship of container receptacle portions
411A,411B, 411C and 411D with respect to temperature
source 44 and thermal resistance resulting from a shape
in cross section of each foot portion 412A, 412B, 412C,
412D, for example through a simulation using a finite
element method (FEM). While a case with four container
receptacle portions has been described herein, a similar
approach can be used to determine an area in cross sec-
tion of the foot portion of each container receptacle por-
tion for any other number n of container receptacle por-
tions, where n is an integer.

[0124] Fig. 15 is a cross section specifically showing
a configuration of temperature adjustment section 41 in
another exemplary variation. Temperature adjustment
section 41 shown in Fig. 15 has radially smaller portion
413A with an outer peripheral surface tapered, rather
than cylindrically. Radially smaller portion 413A has a
frustoconical geometry. Radially smaller portion 413A
has an outer diameter larger at an end portion closer top
portion 414A than at an end portion closer to foot portion
412A. Other radially smaller portions 413B, 413C, 413D
also have the same shape as radially smaller portion
413A.

[0125] When temperature adjustment section 41
shown in Fig. 15 is compared with that shown in Fig. 13,
the former has radially smaller portion 413A with an outer
diameter closer to foot portion 412A that is smaller than
the latter, and hence with a smaller thickness as a whole
than the latter. This can reduce radially smaller portion
413A more in heat capacity, and allows heat generated
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by temperature source 44 to be more rapidly transferred
to the analyte in PCR container 51 and can further in-
crease a rate of raising and dropping the analyte in tem-
perature.

[Aspects]

[0126] It will be understood by those skilled in the art
that the exemplary embodiments described above are
specific examples of the following aspects:

[0127] (Clause 1)According to one aspect, an analysis
apparatus comprises: a housing that has an opening; a
door that opens and closes the opening; an analyte con-
tainer setting section that is accommodated in the hous-
ing and allows an analyte container to be set therein, the
analyte container containing an analyte to be analyzed;
a blower that creates an airflow in the housing; and an
air filter that filters air blown by the blower. As seen along
an airflow created by the blower while the door is opened,
the analyte container setting section is provided up-
stream of the blower, the opening is provided upstream
of the analyte container setting section, and the air filter
is provided downstream of the analyte container setting
section.

[0128] The blower induces air around the housing to
create airflow. The blower creates the airflow through the
opening, the analyte container setting section, and the
air filter in this order. The blower is provided downstream
of the opening as seen along an airflow.

[0129] Whenthe operator sets a subjectto be analyzed
such as an analyte container in the analysis apparatus,
a flow of air through the opening into the housing is cre-
ated to prevent harmful substances such as viruses con-
tained in an analyte from being discharged toward the
operator. This can reduce a possibility that the operator
may be infected with the viruses or the like. The air flowing
into the housing through the opening passes around the
analyte container setting section. Creating a flow of air
around the analyte container setting section suppresses
floating and entering of an analyte in an analyte container
into another analyte container and can thus reduce a
possibility of analyte contamination. The air having
passed around the analyte container setting section is
sucked into the air filter and thus filtered thereby. The air
filter adsorbs and thus removes harmful substances from
air, and thus allows harmless air be discharged outside
the housing.

[0130] (Clause 2) In the analysis apparatus according
to clause 1, the opening may open upward, and the blow-
er and the air filter may be disposed below the analyte
container setting section.

[0131] Withthis arrangement, an airflow created by the
blower will flow downward through the opening, and an
airflow through the opening into the housing is ensured.
The airflow further flows downward around the analyte
container setting section and passes through the air filter.
Even if air flowing around the analyte container setting
section contains harmful substances, the air filter can
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reliably remove the harmful substances.

[0132] (Clause 3) In the analysis apparatus according
to clause 1, the analyte container setting section may
have a suction hole that sucks air from outside the analyte
container setting section into the analyte container set-
ting section, and a ventilation hole that allows air to flow
out from inside the analyte container setting section to
outside the analyte container setting section.

[0133] Creating a flow of air passing through the ana-
lyte container setting section can more reliably suppress
contamination of an analyte accommodated in an analyte
container set in the analyte container setting section.
[0134] (Clause 4) In the analysis apparatus according
to clause 1, the analyte container setting section may
further allow a reagent container to be set therein, the
reagent container containing a reagent therein to be used
for an analysis.

[0135] This can more reliably suppress infection of an
operator and contamination of an analyte when dispens-
ing the reagent contained in the reagent container set in
the analyte container setting section.

[0136] (Clause 5) In the analysis apparatus according
to clause 1, the analyte container setting section may
further allow a dispensing pipette tip to be set therein for
dispensing an analyte introduced in an analyte container.
[0137] This can more reliably suppress infection of an
operator and contamination of an analyte when a reagent
is dispensed using the dispensing pipette tip.

[0138] (Clause 6) In the analysis apparatus according
to clause 1, the housing may have a front surface and a
rear surface, and the housing is provided with the opening
on the side of the front surface and has an exhaust port
through the rear surface to exhaust air outside the hous-
ing.

[0139] Air is exhausted from housing 200 toward the
rear surface, and a possibility that air containing harmful
substances is discharged toward an operator can further
be reduced.

[0140] (Clause 7) In the analysis apparatus according
to clause 1, the air filter may be a HEPA filter.

[0141] The HEPA filter can remove harmful substanc-
es in the air highly efficiently to discharge harmless air
to outside the housing, and can thus further reduce a
possibility that air containing harmful substances is dis-
charged toward the operator.

[0142] (Clause 8) According to one aspect, a temper-
ature adjustment device can accommodate a container
therein and transfers heat from a temperature source to
the container. The temperature adjustment device in-
cludes a base portion in thermal contact with the temper-
ature source, afoot portion connected to the base portion,
and a radially smaller portion having an outer diameter
smaller than that of the foot portion. A receptacle hole is
formed inside the radially smaller portion to accommo-
date the container.

[0143] Increasing the foot portion in outer diameter en-
sures efficiency of heat conduction from the temperature
source to the container. Reducing the radially smaller
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portion in outer diameter can reduce the radially smaller
portion in heat capacity. The temperature adjustment de-
vice can thus rapidly transfer heat from the temperature
source to the container.

[0144] (Clause 9) In the temperature adjustment de-
vice according to clause 8, the temperature source may
have a center portion that generates heat in a relatively
large amount and an edge portion that generates heat in
a relatively small amount, and the temperature adjust-
ment device may include a plurality of foot portions and
a plurality of radially smaller portions, and the foot portion
closer to the center portion may be smaller in area in
cross section than the foot portion closer to the edge
portion.

[0145] Thus, when a plurality of containers are accom-
modated in the temperature adjustment device, variation
in amount of heat conduction from the temperature
source to each container can be reduced, and each con-
tainer’s variation in temperature can thus be reduced.
[0146] It should be understood that the presently dis-
closed embodiments are illustrative and non-restrictive
in any respect. The scope of the present invention is de-
fined by the terms of the claims, rather than the above
description, and is intended to include any modifications
within the meaning and scope equivalent to the terms of
the claims.

REFERENCE SIGNS LIST

[0147] 1 analysis system, 2 analysis apparatus, 3 ter-
minal 4, 5 moving device, 10 inspection device, 11 optical
unit, 12 dispensing unit, 13 syringe, 14 opening/closing
unit, 16 irradiation unit, 20 control device, 30 temperature
adjustment device, 40 holding device, 41 temperature
adjustment section, 42 holding section, 43 pipette tip dis-
carding section, 44 temperature source, 45 heat lid, 50
container, 51 PCR container, 52 reagent container, 53
dispensing pipette tip, 54 analyte container, 61 suction
hole, 62 ventilation hole, 111 light source 112, 116, 117
lens, 113 filter, 115 fluorescence spectroscopy section,
118 photodetector, 150 supporting plate portion, 160 red
unit, 161, 171, 181, dichroic mirror, 162, 172, 182, fluo-
rescence filter, 170 green unit, 180 blue unit, 190 reflec-
tion plate, 200 housing, 201 firstfloor portion, 202 second
floor portion, 203 third floor portion, 204 fourth floor por-
tion, 211 upper door, 212 lower door, 220 user operation
section, 221 opening, 230 blower, 240 air filter, 241 pre-
filter, 250 exhaust port, 410 base portion, 411A, 411B,
411C, 411D container receptacle portion, 412A, 412B,
412C, 412D foot portion, 413A, 413B, 413C, 413D radi-
ally smaller portion, 414A,414B, 414C, 414D top portion,
415A,415B,415C, 415D receptacle hole, 441 center por-
tion, 442, 443 edge portion, 500 support plate, 502 notch,
511 X-axis motor, 512 X-axis belt, 513, 514, 553, 554,
555 pulley, 521, 531 X-axis rail, 522, 532 X-axis slider,
533 coupler, 540 movable plate, 541 through hole, 551
Y-axis motor, 552 Y-axis belt, 556, 557 idler, 561 Y-axis
rail, 562 Y-axis slider, 563 arm, 564 gripper.
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Claims

1.

An analysis apparatus comprising:

a housing that has an opening;

a door that opens and closes the opening;

an analyte container setting section that is ac-
commodated in the housing and allows an an-
alyte container to be set therein, the analyte con-
tainer containing an analyte to be analyzed;

a blower that creates a flow of air in the housing;
and

an air filter that filters air blown by the blower,
wherein

as seen along a flow of air created by the blower
while the door is opened, the analyte container
setting section is provided upstream of the blow-
er, the opening is provided upstream of the an-
alyte container setting section, and the air filter
is provided downstream of the analyte container
setting section.

The analysis apparatus according to claim 1, where-
in

the opening is open upward, and
the blower and the air filter are disposed below
the analyte container setting section.

The analysis apparatus according to claim 1 or 2,
wherein the analyte container setting section has a
suction hole that sucks air from outside the analyte
container setting section into the analyte container
setting section, and a ventilation hole that allows air
to flow out from inside the analyte container setting
section to outside the analyte container setting sec-
tion.

The analysis apparatus according to any one of
claims 1 to 3,

wherein the analyte container setting section further
allows a reagent container to be set therein, the re-
agent container containing a reagent therein to be
used for an analysis.

The analysis apparatus according to any one of
claims 1 to 4,

wherein the analyte container setting section further
allows a dispensing pipette tip to be set therein for
dispensing an analyte introduced in the analyte con-
tainer.

The analysis apparatus according to any one of
claims 1 to 5,

wherein the housing has a front surface and a rear
surface, and the housingis provided with the opening
on a side of the front surface and has an exhaust
port through the rear surface to exhaust air outside
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the housing.

7. The analysis apparatus according to any one of

claims 1 to 6, wherein the air filter is a HEPA filter.
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