Method of analyzing samples, analyzing device and computer program

Technical field of the invention

The present invention relates to a method of analyzing one or more samples
arranged in the wells of a microplate. The invention also concerns an analyzing
device and a computer program for operating an analyzing device.

Background of the invention

Assays based on fluorescence are commonly used in life sciences. Fluores-
cence is a form of luminescence. Fluorescence means emission of light (a pho-
ton) by a substance that has absorbed light or other electromagnetic radiation.
Absorbance of energy excites an orbital electron of a molecule to a higher elec-
tronic state and relaxation to ground state emits a photon.

Fluorescence assays utilize the properties of fluorophores. Fluorophores absorb
light energy at one wavelength and, in response, re-emit light energy at another,
longer wavelength. Each fluorophore has a distinctive range of wavelengths at
which it absorbs light and another distinct range of wavelengths at which it emits
light. This property enables their use for specific detection of biological products
by analytical instruments and techniques.

In fluorescence assays, the samples are typically arranged in the wells of a mi-
croplate. A microplate is a flat plate comprising a plurality of wells, i.e. cavities
that are arranged in rows and columns. The wells are configured to receive sam-
ples and function as small test tubes. A typical microplate comprises 6, 24, 96,
384 or 1536 wells, although also larger microplates exist.

In a particular type of a fluorescence assay, fluorescent spots are formed, and
analysis of the samples is heavily based on counting of the number of the fluo-
rescent spots. A problem related to the counting of the spots is that the counting
process strongly relies on the inspection of the spots by a human user with the
help of an analyzing device. This makes the analysis time-consuming and highly
subjective. An additional problem is that if the number of fluorescent spots in a
sample is high, the counting becomes unreliable. For instance, the diameter of
the wells in a 96-well microplate is approximately 6 mm. If the number of the
spots in one well is for example 500 or more, the spots are so close to each
other that reliable counting of the spots becomes difficult.



Summary of the invention

Embodiments of the present invention provide an improved method of analyzing
one or more samples arranged in the wells of a microplate. Embodiments of the
invention provide an improved analyzing device. Embodiments of the invention
provide an improved computer program for operating an analyzing device.

According to a first aspect of the present invention, there is provided a method
of analyzing one or more samples arranged in the wells of a microplate, the
method including the steps of producing electromagnetic radiation having a first
predetermined wavelength or wavelength range, illuminating a sample by said
electromagnetic radiation by transmitting the electromagnetic radiation to the
sample from above the microplate via the upper end of the well, transmitting light
emitted by the sample and having a second predetermined wavelength or wave-
length range via the upper end of the well to a detector, determining intensity of
light emitted by at least two predetermined measurement areas of the sample,
wherein for determining the intensity of light emitted by said at least two prede-
termined measurement areas of the sample, one measurement area at a time
is illuminated, based on the determined intensities of light emitted by said at
least two measurement areas, determining a result value representing the total
amount of light emitted by the sample and having the second predetermined
wavelength or wavelength range, and counting the number of spots emitting light
having the second predetermined wavelength or wavelength range.

According to a second aspect of the present invention, there is provided an an-
alyzing device that is configured to receive a microplate including a plurality of
wells, each of the wells being configures to receive a sample, wherein the ana-
lyzing device includes illuminating means for illuminating a sample from above
the microplate via the upper end of a well of the microplate using electromag-
netic radiation having a first predetermined wavelength or wavelength range,
detection means for determining intensity of light emitted via the upper end of
the well by at least two measurement areas of the sample and having a second
predetermined wavelength or wavelength range, means that are configured to
count the number of spots emitting light having the second predetermined wave-
length or wavelength range, and means that are configured to determine, based
on the determined intensities of light emitted by said at least two measurement
areas, a result value representing the total amount of light emitted by the sample
and having the second predetermined wavelength or wavelength range, wherein
for determining the intensity of light emitted by said at least two measurement
areas of the sample, the analyzing device is configured to illuminate said meas-
urement areas consecutively one measurement area at a time.



According to a third aspect of the present invention, there is provided a computer
program for operating an analyzing device, the computer program including in-
structions which, when the program is executed by a computer, cause an ana-
lyzing device to carry out the method steps defined above.

With the method, device and computer program according to the invention, the
analysis of the samples will be less dependent on the judgment of a user. The
result value represents an integration or an estimation of the total amount of light
emitted by the samples.

According to an embodiment of the invention, the sample comprises a plurality
of predetermined measurement areas and the result value is calculated based
on determined intensities of light emitted by said plurality of measurement areas.

According to an embodiment of the invention, the measurement areas cover the
whole bottom of the well.

According to an embodiment of the invention, for determining the intensity of
light emitted by said one or more predetermined measurement areas of the sam-
ple, the sample is illuminated using a light beam having a diameter that is at
most 60 percent of the diameter of the well.

According to an embodiment of the invention, for determining the intensity of
light emitted by said one or more predetermined measurement areas of the sam-
ple, one measurement area at a time is illuminated.

According to an embodiment of the invention, a photomultiplier tube is used as
the detector for determining the intensity of light emitted by said one or more
predetermined measurement areas of the sample.

According to an embodiment of the invention, method comprises the step of
counting the number of spots emitting light having the second predetermined
wavelength or wavelength range. The method provides high sensitivity and al-
lows fast screening of samples. In addition, compared to mere counting of fluo-
rescent spots, the method offers a wider dynamic signal range, as the method
allows measurement even in the case that too large number of fluorescence
spots are present making the counting of spots unreliable.

According to an embodiment of the invention, for counting the spots, the whole
bottom of the well is illuminated and a camera sensor is used for forming an
image of the sample.
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According to an embodiment of the invention, the illuminating means comprise
a light bulb, LED or laser.

According to an embodiment of the invention, the analyzing device comprises
means for selecting the wavelength for illuminating the sample.

According to an embodiment of the invention, the means for selecting the wave-
length for illuminating the sample comprise a filter or a monochromator.

According to an embodiment of the invention, the detection means comprise a
photomultiplier tube or a silicon photodiode.

According to an embodiment of the invention, the detection means comprise a
camera sensor.

According to an embodiment of the invention, for determining the intensity of
light emitted by a plurality of measurement areas of the sample, the device is
configured to illuminate said measurement areas consecutively one measure-
ment area at a time.

According to an embodiment of the invention, the device is configured to form
an image of the sample for counting the number of spots emitting light having
the second predetermined wavelength or wavelength range.

According to an embodiment of the invention, for forming an image of the sample
for counting the number of spots emitting light having the second predetermined
wavelength or wavelength range, the device is configured to illuminate the whole
bottom of the well.

According to an embodiment of the invention, the device comprises means that
are configured to count the number of spots emitting light having the second
predetermined wavelength or wavelength range.

Brief description of the drawings

Embodiments of the invention are described below in more detail with reference
to the accompanying drawings, in which
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Fig. 1 shows as a flowchart the steps of the method according to an embodiment
of the invention,

Fig. 2 shows the main elements of an analyzing device suitable for carrying out
the method according to the invention,

Fig. 3 shows an example of the control system of an analyzing device,
Fig. 4 shows an example of a microplate suitable for use in an analyzing device,
Fig. 5 shows an example of measurement points in a well of a microplate,

Fig. 6 shows as a schematic view an example of a fluorescence measurement
system of an analyzing device,

Fig. 7 shows as a schematic view an example of an imaging system of an ana-
lyzing device,

Fig. 8 shows an example of the measurement results of a fluorescence assay
obtained by the method according to the invention,

Fig. 9 shows the spot counting results based on the same assay as figure 8, and

Fig. 10 shows schematically the workflow of an ELISpot/FluoroSpot assay.

Description of embodiments of the invention

The present invention relates to a method of analyzing one or more samples
arranged in the wells of a microplate, to an analyzing device and to a computer
program for operating an analyzing device.

In the method according to the invention, intensity of light emitted by a sample
is measured. The method can thus be used in fluorescence-based assays,
which are commonly used in life sciences.

Fluorescence is a form of luminescence. Fluorescence means emission of light
(a photon) by a substance that has absorbed light or other electromagnetic ra-
diation. Absorbance of energy excites an orbital electron of a molecule to a
higher electronic state and relaxation to ground state emits a photon.
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Fluorescence assays, such as FluoroSpot, utilize the properties of fluorophores.
Fluorophores absorb light energy at one wavelength and, in response, re-emit
light energy at another, typically longer wavelength. Each fluorophore has a dis-
tinctive range of wavelengths at which it absorbs light and another distinct range
of wavelengths at which it emits light. This property enables their use for specific
detection of biological products by analytical instruments and techniques.

FluoroSpot assay is a variant of the commonly used ELISpot assay. Figure 10
shows a schematic representation of the FluoroSpot/ELISpot assays.
FluoroSpot assays can be used for studying immune responses. The bottom of
the well 2 of a microplate is provided with a membrane and coated with appro-
priate antibodies 30 (capture antibodies). Cells 31 are cultured and stimulated
in the well 2 to produce analytes 32, which can be for instance cytokines, chem-
okines or immunoglobulins. Such analytes 32 secreted by the cells 31 are cap-
tured by the antibodies 30 bound to the plate. The cells 31 are then removed
from the well 2. Fluorescently labelled detection fluorophore antibodies are
added to the well 2 to detect the secreted analytes 32. For example biotinylated
detection antibodies 33 and streptavidin-enzyme conjugates 34 can be used.
Fluorescent spots are thus formed fixed on the membrane on the bottom of the
well and these spots can be detected using an analyzing device. The well on the
right-hand side illustrates a FluoroSpot assay and the well on the left-hand side
illustrates an ELISpot assay. It is assumed that one spot corresponds to one cell
that has secreted an analyte. By counting the number of fluorescent spots, it is
possible to determine the frequency of antigen-specific T-cells, which is a very
relevant parameter in immunological applications.

In fluorescence assays, the samples are typically arranged in the wells of a mi-
croplate. Figure 4 shows an example of a microplate 1. A microplate 1 (also
called e.g. as a microtiter plate, microwell plate, multiwell plate or multiwell) is a
flat plate comprising a plurality of wells 2, i.e. cavities that are arranged in rows
and columns. The wells 2 of the microplate 1 are configured to receive samples
and they function as small test tubes. A typical microplate comprises 6, 24, 96,
384 or 1536 wells, although also larger microplates exist. The wells 2 are ar-
ranged in a rectangular matrix, where the ratio between the sides is typically 2:3.
Figure 4 shows a microplate 1 with 96 wells 2. However, also other microplate
sizes could be used in the method and device according to the invention.
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Figure 1 shows the steps of the method according to an embodiment of the in-
vention. In a first step 101 of the method, electromagnetic radiation having a first
predetermined wavelength or wavelength range is produced. In a second step
102 of the method, a sample 3 is illuminated by the electromagnetic radiation by
transmitting the electromagnetic radiation to the sample 3 from above the micro-
plate 1. In a third step 103 of the method, light emitted by the sample 3 and
having a second predetermined wavelength or wavelength range is transmitted
via the upper end of the well 2 to a detector or detection means. The second
wavelength or wavelength range is different than the first predetermined wave-
length or wavelength range. In a fourth step 104 of the method, intensity of light
emitted by one or more predetermined measurement areas 23 of the sample 3
is determined. An example of the measurement areas 23 is shown in figure 5.
In the example of figure 5, there are a plurality of measurement areas 23 in the
well 2. However, instead of a plurality of measurement areas 23, there could be
a single measurement area. The single measurement area could cover the
whole bottom of the well 2. In a fifth step 105 of the method, a result value rep-
resenting the total amount of light emitted by the sample 3 and having the sec-
ond predetermined wavelength or wavelength range is determined based on the
determined intensities of light emitted by the measurement areas 23. A single
result value is thus determined for the analyzed sample. The value correlates
with the number of fluorescent spots present in the sample. The fifth step 105 is
implemented by a computer. The method according to the invention can be car-
ried out by an analyzing device.

The method can further comprise a sixth step 106. In the sixth step 106 of the
method, the number of spots emitting light having the second predetermined
wavelength or wavelength range is counted. The sixth step 106 is implemented
by a computer. The determination of the result value and the counting of the
spots do not need to take place in the above-mentioned order, but the spots
could also be counted for example before the result value is determined or sim-
ultaneously with the fifth step 105 of the method. Either the same detection
means or different detection means can be used for the spot counting and for
determining the intensity of the emitted light. The sample can be illuminated
separately for the spot counting and for determining the intensity of the emitted
light. For instance, for the spot counting, the whole bottom of the well can be
iluminated at once, whereas for determining the intensity of the emitted light,
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the sample can be divided into a plurality of measurement areas, one measure-
ment area being illuminated at a time.

A benefit of the method according to the invention is that the analysis is less
dependent on the judgment of a user. In addition, compared to the mere count-
ing of fluorescent spots, it offers a wider dynamic signal range, as the method
allows measurement even in the case the number of fluorescence spots is too
large for reliable counting.

The method according to the invention can be implemented by means of an
analyzing device 10. As microplates 1 are typically used for holding samples,
such an analyzing device is referred to here as a microplate reader.

The main parts of a microplate reader 10 suitable for implementing the method
according to the invention are schematically shown in figure 2. A microplate
reader 10 can detect biological, chemical or physical events of the samples 3 in
the microplate 1 (not shown in figure 2). The operation of microplate readers can
be based on different phenomena, such as absorbance or luminescence. As the
method according to the invention is used for fluorescence-based assays, the
microplate reader 10 used for implementing the method is configured to meas-
ure at least fluorescence. However, the microplate reader 10 could also be a
multi-mode reader, which can be used for different assays.

The microplate reader 10 is configured to measure electromagnetic radiation
emitted by the samples 3 arranged in the wells 2 of the microplate 1. The micro-
plate reader 10 comprises an illuminating device or illuminating means 11, which
are capable of producing electromagnetic radiation with a specific wavelength
or wavelength range. The wavelength can preferably be selected by a user of
the microplate reader 10. The electromagnetic radiation can be visible light
(wavelength range approximately 380—750 nm), ultraviolet light (10-380 nm) or
infrared light (750 nm — 1 mm). The illuminating means 11 are configured to
illuminate the samples 3 in the wells 2 of the microplate 1. One sample 3 or part
of a sample can be illuminated at a time, or the microplate reader 10 can be
configured to illuminate several samples at a time.

The illuminating means 11 comprise a light source 16, which can be a light bulb,
such as a Xenon flash lamp or a halogen lamp. Alternatively, the light source 16
can be a LED or laser. The illuminating means 11 can comprise several light
sources, which can be used together, or different light sources can be used for
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different measurement purposes. In case the illuminating means 11 comprise a
laser, light with a specific wavelength can be produced directly. In case the light
source 16 produces light with a broader spectrum, the microplate reader 10 can
comprise means 17 for selecting the wavelength of the light used for illuminating
the sample 3, i.e. an excitation wavelength. The means 17 for selecting the ex-
citation wavelength (excitation wavelength selector) can comprise one or more
filters and/or monochromators.

The microplate reader 10 further comprises a detector or detection means 13.
The detection means 13 are configured to measure electromagnetic radiation
emitted by the sample 3. The detection means 13 can comprise, for instance, a
photomultiplier tube, camera sensor or silicon photodiode. The microplate
reader 10 can comprise two or more different detection means 13 for different
measurements. The detection means 13 are configured to measure the intensity
of the light emitted by one or more measurement areas 23 of a sample, as shown
in the example of figure 5. The detection means 13 can also be used for forming
an image of the sample for allowing counting of fluorescent spots.

The microplate reader 10 further comprises illuminating and measurement op-
tics 18. The illuminating optics are configured to focus the electromagnetic radi-
ation from the light source 16 to the sample 3. The measurement optics are
configured to focus the light emitted by the sample 3 to the detection means 13.
The illuminating optics and the measurement optics can be at least partly the
same.

The microplate reader 10 can further comprise means 19 for selecting the emis-
sion wavelength to be measured. The means 19 (measurement wavelength se-
lector) can be for example a filter that is arranged before the detection means
13. The wavelength selection means 19 are used for passing through only the
wavelengths to be measured. The excitation light can thus be blocked from the
detection means 13.

The microplate reader 10 can further comprise a positioning system or position-
ing means 29 for moving the sample 3 to a measurement position. The position-
ing means 29 can be configured to move the microplate. Alternatively, the posi-
tioning means 29 can be configured to move the detection means 13 and/or to
control the illuminating optics and the measurement optics in order to measure
fluorescence of a selected sample.
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Figure 3 shows an example of a control system of a microplate reader 10. The
microplate reader 10 is controlled via input means 14. The input means 14 can
comprise, for instance, operating buttons, a keyboard and/or a touch display.
Via the input means 14, the user of the microplate reader 10 can control the
operation of the microplate reader 10, adjust parameters, and/or change settings
of the microplate reader 10. The results of the analysis can be displayed on a
display 12. The display 12 can be an integral part of the microplate reader 10 or
an external display connected to the microplate reader 10. The input means 14,
illuminating means 11, detection means 13 and display 12 communicate with a
central processing unit (CPU) 15. Also the positioning means 29 are controlled
by the CPU 15. The input means 14 and the display 12 do not need to be con-
nected directly to the CPU 15. The microplate reader 10 could also be controlled
via software that is installed on an external general-purpose computer 21, such
as a PC. The input means 14 could thus comprise for example a keyboard that
is connected to the external computer 21. Also the display 12 could be con-
nected to the external computer 21. All the connections may be implemented by
wire or by any wireless means and the external computer 21 may be a remote
server or a cloud server.

When the microplate reader 10 is used for fluorescence assays, the user first
sets a desired wavelength for illuminating the samples. The user can select the
desired excitation wavelength via the input means 14. The microplate reader 10
may also allow selection of a certain excitation bandwidth, in which case the
user can select a certain wavelength range for illuminating the samples. In prac-
tice, even if a specific excitation wavelength is selected, the microplate reader
10 is capable of producing electromagnetic radiation with a certain bandwidth.
A narrow bandwidth is usually preferred. The acceptable bandwidth depends on
the application. In some cases, a bandwidth of 20 nm is sufficient. In some ap-
plications, the bandwidth should be at most 10 nm. In some applications, the
bandwidth should not exceed 2.5 nm.

Measurement data from the detection means 13 is collected by the CPU 15. The
data is used for calculating a result value representing the total amount of light
or an estimation of the total amount of light emitted by the sample 3 at a certain
wavelength. Either the CPU 15 or an external computer 21 can be used for cal-
culating the result value. The CPU 15 or an external computer 21 can be further
configured to count the number of the fluorescent spots.
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The microplate reader 10 according to the invention can be configured to both
measure electromagnetic radiation emitted by the samples and to form an image
of the sample. The microplate reader 10 can therefore comprise both fluores-
cence measurement means and imaging means. The means used for measur-
ing the fluorescence and for imaging the sample can be at least partly the same,
but in the following the means are described separately by referring to figures 6
and 7.

Figure 6 shows as a simplified illustration an example of a fluorescence meas-
urement system of a microplate reader 10, which is configured to measure elec-
tromagnetic radiation emitted by the samples 3 when excited by the illuminating
means 11. In the example of figure 6, the illuminating means 11 comprise a light
source 16. The light source 16 can be a wide bandwidth lamp, such as a Xenon
flash lamp. The light source 16 could also be, for instance, a quartz-halogen
lamp. The light source 16 produces electromagnetic radiation, such as visible
light (wavelength range approximately 380-750 nm), ultraviolet light (10-380
nm) or infrared light (750 nm — 1 mm) with a broad spectrum. For selecting a
specific wavelength, the illuminating means 11 further comprise a monochrom-
ator 17. The monochromator 17 produces a light beam with a narrow bandwidth.
According to one example, the bandwidth of the light after the monochromator
17 is less than 2.5 nm. However, in some applications also a broader bandwidth
is sufficient. Instead of a monochromator, also an interference filter could be
used as means for wavelength selection. The light source could also be a narrow
band light source, such as a LED or a laser. In that case, a monochromator,
interference filter or other external means for wavelength selection may not be
needed.

The light beam from the light source 16 is transmitted via optics of the micro-
plate reader 10 to the monochromator 17. In the example of figure 6, the optics
between the light source 16 and the monochromator 17 comprises a mirror 35
and an entrance slit 24. However, the optics of the microplate reader 10 can be
constructed in many different ways.

In the example of figure 6, the light is transmitted from the monochromator 17 to
the microplate via an exit slit 25 and an optical fiber 22. The light is focused by
means of illuminating optics 18 to a sample that is placed in a well 2 of a micro-
plate. The sample is illuminated from above. The intensity of the light emitted by
the sample is measured by means of a detector 13, such as a silicon photodiode
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or a photomultiplier tube. The microplate reader 10 of figure 6 is configured for
top reading.

A wavelength filter can be arranged between the microplate 1 and the detector
13 to isolate emitted photons from excitation photons. The microplate reader 10
could further comprise emission filters, such as lowpass or bandpass emission
filters, before the detector 13 to filter out background fluorescence or to isolate
fluorescence signals originating from multiple fluorophores in one sample.

The fluorescence measurement system is preferably configured to measure the
intensity of emitted light at a plurality of measurement areas 23 of a sample.
However, even a single measurement area could be used. The measurement
areas 23 or the single measurement area preferably cover the whole bottom of
the well 2 of the microplate 1. The microplate reader 10 can be configured to
illuminate one measurement area 23 of the sample 3 at a time. A measurement
area 23 is illuminated and the intensity of the light emitted by the area 23 is
measured by the detection means 13. The diameter of the light beam used for
illuminating the sample can also be, for example, 20—60 percent of the diameter
of the well. By using a narrow beam, illuminating intensity can be increased and
sensitivity of the measurement can be increased. Based on the measured inten-
sities, a result value is calculated for the sample. In the case of a single meas-
urement area, the result value is based on the measured intensity of the single
measurement area.

In the embodiment of figure 5, the distance between the center points of two
adjacent measurement areas 23 is configured to correspond to the radius of the
illuminating beam. For instance, if the diameter of the beam is 3 mm, the beam
is moved 1.5 mm between two adjacent measurement areas 23.

The microplate reader 10 further comprises an imaging system for counting the
number of fluorescent spots. Figure 7 shows an example of an imaging system
of a microplate reader 10. The imaging system of figure 7 is suitable for
FluoroSpot and ELISpot assays, but it could also be used for other assays. The
microplate reader 10 comprises illuminating means 11. The function of the illu-
minating means 11 is to produce light, which is used for illuminating the samples
in the wells 2 of the microplate 1. In the microplate reader of figure 7, one well 2
of the microplate 1 and one sample is illuminated at a time. The illuminating
means 11 comprises a light source 16. From the illuminating means 11, the light



WO 2020/161384 PCT/F12020/050056

10

15

20

25

30

13

is directed to a beam splitter 7. The beam splitter 7 is an optical device, which is
configured to reflect part of the light and transmit the rest of the light through it.
In practice, part of the light received by the beam splitter 7 is absorbed. The
beam splitter 7 is arranged to direct the reflected light towards a reading plane
26 of the microplate reader 10. The beam splitter 7 can be made, for instance,
of two triangular glass prisms that are glued together. Alternatively, the beam
splitter 7 can be a coated glass plate. Beam splitters 7 are available with different
properties. The optimal beam splitting ratio for the optical reader is 50-50 %, i.e.
the amount of light reflected by the beam splitter 7 equals the amount of light
transmitted by the beam splitter 7. Half of the light that is not absorbed by the
beam splitter 7 is thus reflected and half of the light is transmitted. However, the
portion of the reflected light could be, for example, in the range of 40—60 percent.

Between the beam splitter 7 and the reading plane 26, there is arranged a lens
system 8 comprising at least one lens 8a. In figure 1, only a single lens 8a is
shown, but in practice the lens system 8 can comprise several lenses. The lens
system 8 is arranged to focus the light received from the illuminating arrange-
ment 11 and the beam splitter 7 to the sample, which is arranged on the bottom
of the well 2 of the microplate 1. The lens system 8 further comprises an aperture
8b located between the lenses 8a and the reading plane 26.

The bottom of the well 2 of the microplate 1 and the sample in the well 2 reflect
part of the light back towards the lens system 8. In fluorescence measurements,
the samples also emit light from the microplate 1 towards the lens system 8. The
lens system 8 is configured to focus an image of the sample to an imaging device
13, which functions as the detection means. The same lens system 8 is thus
used for focusing the light used for illuminating the sample and for focusing the
light received from the microplate 1. The same components thus form both the
illuminating optics and measurement optics. From the lens system 8, the light is
directed to the beam splitter 7. Part of the light is reflected from the beam splitter
7 towards the illuminating arrangement 11, but part of the light can pass the
beam splitter 7 and reach the imaging device 13. If the beam splitting ratio of the
beam splitter 7 is 50-50 % and absorption by the beam splitter 7 is omitted, half
of the light is reflected, and half of the light is transmitted through the beam
splitter 7. The imaging device 13 can comprise a digital camera sensor 13a. The
imaging device 13 is configured to take one or more images of each sample.
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The aperture 8b between the lenses 8a of the lens system 8 and the reading
plane 26 is dimensioned to have a diameter that is at most the same as the
diameter of the wells 2 of the microplate 3. This eliminates vignette in both the
samples and in the imaging device 13. The aperture 8b can be adjustable to
allow the microplate reader to be used for analyzing samples in different micro-
plates 1. With the aperture, the size of the illuminated area at the bottom of the
well 2 can be adjusted. For instance, in a typical 96-well plate the diameter of
the illuminated area could be approximately 6.6 mm and in a 384-well plate 2.5
mm.

The light source 16 can be, for instance, a LED or a group of LEDs. The illumi-
nated area on the bottom of the well 2 of the microplate 1 should cover the whole
bottom. The diameter of a typical LED chip is much smaller than the diameter of
the wells 2 of the microplate 1. The size of the illuminated area can be affected
by the lens system 8. However, it may be beneficial to increase the size of the
iluminated area by arranging an integrating sphere, also known as an Ulbricht
sphere, around the LED or other light source.

The microplate reader further comprises positioning means (not shown in figure
7), which are configured to move the microplate 1. The microplate 1 is moved in
the reading plane 26 so that one well 2 at a time is below the lens system 8. An
image or several images of the sample is taken and the microplate 1 is then
moved so that a next well 2 is below the lens system 8.

The microplate reader of figure 7 further comprises a reference detector 28 ar-
ranged to measure the intensity of light produced by the illuminating means 11
and transmitted through the beam splitter 7. If a LED is used as the light source
16, the intensity of the LED can change due to heating, which affects the images
taken by the imaging device 13. By measuring the intensity of the light, this effect
can be taken into account in interpreting the measurement results of the micro-
plate reader.

The microplate reader is further provided with a first filter 17 that is arranged
between the illuminating means 11 and the beam splitter 7. The first filter 17 is
used in fluorescence assays. The first filter 17 is configured to pass through only
that part of the spectrum of the light source 16 that is needed for exciting the
samples. The first filter 17 is thus used as the means for selecting the excitation
wavelength. A second filter 19 is arranged between the beam splitter 7 and the
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imaging device 13. Like the first filter 12, also the second filter 19 is used in
fluorescence assays. The second filter 19 is configured to pass through light
consisting of wavelengths emitted by the samples.

In the embodiment of figure 7, the imaging device 13 is arranged directly above
the lens system 8. The illuminating means 11 are arranged in the same horizon-
tal plane with the beam splitter 7. The light from the illuminating means is thus
reflected to the microplate 1 and the light from the microplate 1 is transmitted
through the beam splitter 7. This arrangement allows the use of the reference
detector 28 without disturbing the illumination of the sample. However, it would
also be possible to switch the places of the imaging device 13 and the illuminat-
ing means 11. The light used for illuminating the samples could thus pass the
beam splitter 7 and the image of the sample could be reflected by the beam
splitter 7 to the imaging device 13.

An image formed by the imaging system can be used for counting fluorescent
spots of a sample. The central processing unit 15 of the microplate reader 10 or
an external computer 21 can thus be configured to determine the number of
fluorescent spots in a sample.

A microplate reader 10 according to the invention can thus comprise both a flu-
orescence measurement system, such as the system of figure 6, and an imaging
system, such as the system of figure 7. The microplate reader 10 can thus be
configured to measure the intensity of light emitted by a sample and to form an
image of the sample. This allows a more comprehensive analysis of the sample.
Part of the components of the fluorescence measurement system and the imag-
ing system can be the same. For instance, the same light source 16 could be
used in both systems. Also the measurement optics and illuminating optics could
be at least partly the same for both measuring the intensity of the emitted light
and for imaging the sample. An imaging system could also be used for measur-
ing the fluorescence. The intensity of emitted light could be determined by
means of the camera sensor 13a, and a separate system for measuring the
intensity of the emitted light would thus not be needed.

Figures 8 and 9 show an example of the results obtained by the method accord-
ing to an embodiment of the invention. The method was applied to a sample
placed in a well of 96-well microplate, where the diameter of the bottom of the
well is 6 mm. The diameter of the light beam used for illuminating the sample
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was 3 mm. The measurement areas were located as shown in figure 5. The
measurement areas thus formed a matrix comprising five rows and five columns.
The light beam was moved 1.5 mm at a time. Figure 8 shows the results from
the step of determining the intensity of the emitted light and figure 9 shows the
results obtained by the spot counting step. On the X-axis in both figures is shown
the amount of Antigen Presenting Cells, in this case human peripheral blood
mononuclear cell (PBMCs), (amount of PBMCs/well). Figure 8 shows on the Y-
axis a fluorescent result value, which has been calculated based on the meas-
ured intensities of light emitted at a wavelength of 520 nm at a plurality of meas-
urement points. The wavelength of the excitation light has been 480 nm. Figure
9 shows on the Y-axis the number of spots counted from the sample. In both
cases, the number of IFN-y producing cells is measured. The upper dots in fig-
ures 8 and 9 represent stimulated samples and the lower dots represent blanks
(unstimulated samples).

The multipoint fluorometric readout increases linearly throughout the entire
range of cellular concentrations (at low and very high levels of cytokine produc-
tion), while the spot number increases almost linearly up to plateau, which coin-
cides with the maximum number of detectable spots per well. This is due to the
intrinsic limitation of the image-based methods to resolve spots from the back-
ground when spots become too crowded on the wells. On the other hand, the
limit of detection of the spot counting method is better than the one based on
the fluorescence intensity measurement. Therefore, by combining both readouts
itis possible to preserve the low detection limit of the spot counting method while
expanding the dynamic range of the assay. For instance, it is conceivable that
predictions can be made of the frequency of antigen-positive cells, at high fre-
quency values, using the measured fluorescence signal instead of the spot
counting, which is unreliable in such cases.

The method according to the invention can be used for instance for fast screen-
ing of microplates. The method allows identifying of samples that should be
taken to further analysis. The method is beneficial especially when the number
of fluorescent spots is too high for counting of the single spots. The combination
of spot counting and the calculation of a fluorescence signal provides a compre-
hensive solution to FluoroSpot data analysis and allows troubleshooting in case
the counting of spots fails.
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It will be appreciated by a person skilled in the art that the invention is not limited
to the embodiments described above, but may vary within the scope of the ap-
pended claims.
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Claims

1. A method of analyzing one or more samples arranged in the wells of a micro-
plate, the method comprising the steps of

- producing electromagnetic radiation having a first predetermined wavelength
or wavelength range,

- illuminating a sample by said electromagnetic radiation by transmitting the
electromagnetic radiation to the sample from above the microplate via the
upper end of the well,

- transmitting light emitted by the sample and having a second predetermined
wavelength or wavelength range via the upper end of the well to a detector,

- determining intensity of light emitted by at least two predetermined measure-
ment areas of the sample, wherein for determining the intensity of light emit-
ted by said at least two predetermined measurement areas of the sample,
one measurement area at a time is illuminated,

- based on the determined intensities of light emitted by said at least two meas-
urement areas, determining a result value representing the total amount of
light emitted by the sample and having the second predetermined wavelength
or wavelength range, and

- counting the number of spots emitting light having the second predetermined
wavelength or wavelength range.

2. The method according to claim 1, wherein the sample comprises a plurality of
predetermined measurement areas and the result value is calculated based on de-
termined intensities of light emitted by said plurality of measurement areas.

3. The method according to claim 1 or 2, wherein the at least two measurement
areas cover the whole bottom of the well.

4. The method according to any of the preceding claims, wherein for determining
the intensity of light emitted by said at least two predetermined measurement areas
of the sample, the sample is illuminated using a light beam having a diameter that
is at most 60 percent of the diameter of the well.

5. The method according to any of the preceding claims, wherein a photomulti-
plier tube is used as the detector for determining the intensity of light emitted by said
at least two predetermined measurement areas of the sample.
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6. The method according to any of the preceding claims, wherein for counting the
spots, the whole bottom of the well is illuminated and a camera sensor is used for
forming an image of the sample.

7.  An analyzing device that is configured to receive a microplate comprising a
plurality of wells, each of the wells being configured to receive a sample, wherein
the analyzing device comprises
- illuminating means for illuminating a sample from above the microplate via
the upper end of a well of the microplate using electromagnetic radiation
having a first predetermined wavelength or wavelength range,
- detection means for determining intensity of light emitted via the upper end
of the well by at least two measurement areas of the sample and having a
second predetermined wavelength or wavelength range,
- means that are configured to count the number of spots emitting light having
the second predetermined wavelength or wavelength range, and
- means that are configured to determine, based on the determined intensities
of light emitted by said at least two measurement areas, a result value rep-
resenting the total amount of light emitted by the sample and having the
second predetermined wavelength or wavelength range,
wherein for determining the intensity of light emitted by said at least two measure-
ment areas of the sample, the analyzing device is configured to illuminate said
measurement areas consecutively one measurement area at a time.

8. The analyzing device according to claim 7, wherein the illuminating means
comprise a light bulb, LED or laser.

9. The analyzing device according to claim 7 or 8, wherein the analyzing device
comprises means for selecting the wavelength for illuminating the sample.

10. The analyzing device according to claim 9, wherein the means for selecting
the wavelength for illuminating the sample comprise a filter or a monochromator.

11. The analyzing device according to any of claims 7 to 10, wherein the detection
means comprise a photomultiplier tube or a silicon photodiode.

12. The analyzing device according to any of claims 7 to 11, wherein the detection
means comprise a camera Sensor.
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13. The analyzing device according to any of claims 7 to 12, wherein the analyzing
device is configured to form an image of the sample for counting the number of spots
emitting light having the second predetermined wavelength or wavelength range.

14. The analyzing device according to claim 13, wherein for forming an image of
the sample for counting the number of spots emitting light having the second prede-
termined wavelength or wavelength range, the analyzing device is configured to il-
luminate the whole bottom of the well.

15. A computer program for operating an analyzing device, the computer program
comprising instructions which, when the program is executed by a computer, cause
an analyzing device to carry out the method according to any of claims 1-6.
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