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Optical reader and method of analyzing biological samples 

Technical field of the invention 

The present invention relates to an optical reader. The invention also concerns 

a method of analyzing biological samples. 

 

Background of the invention 

Enzyme-Linked Immunosorbent Spot Assay (ELISPOT) is a method that is typ-

ically used for monitoring cellular immune responses in humans and other ani-

mals or organisms. The ELISPOT method allows detecting cells that secrete 

various substances. The ELISPOT assay can be used, for example, for detect-

ing antigen-specific antibody secreting cells or cytokine producing cells. The ex-

amined cells are placed into the wells of a microplate or into some other suitable 

small vessel and treated to trigger a reaction at least in part of the cells. The 

cells reacting to the treatment secrete biologically relevant molecules that can 

be detected as spots. In this assay, one spot represents one immunologically 

reactive cell. These spots can be detected and counted either manually using 

for example a microscope or automatically using a specific reader adapted to 

ELISPOT assays. 

ELISPOT readers have been designed so that the samples are illuminated and 

a camera is used for taking an image of each sample. A problem with many 

known devices used for ELISPOT assays is the amount of stray light produced 

by the light illuminating the samples. The stray light decreases the contrast of 

the image and makes analyzing of the samples more difficult. 

 

Summary of the invention 

Embodiments of the present invention provide an improved optical reader for 

analyzing biological samples arranged in the wells of a microplate. Embodi-

ments of the invention provide an improved method of analyzing biological sam-

ples arranged in the wells of a microplate, which is arranged in a horizontal read-

ing plane. 
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According to a first aspect of the invention, there is provided an optical reader for ana-

lyzing biological samples arranged the wells of a microplate, the optical reader including 

a horizontal reading plane for receiving a microplate comprising a plurality of wells, an 

illuminating arrangement comprising a light source and being arranged to illuminate the 

samples in the wells of the microplate, an imaging device arranged to receive light from 

the microplate, a beam splitter, which is arranged to direct part of the light from the illu-

minating arrangement towards the reading plane and to direct part of the light received 

from the microplate to the imaging device, and a lens system comprising at least one 

lens and being arranged between the beam splitter and the reading plane to focus the 

light received from the illuminating arrangement to a sample and to focus an image of 

the sample to the imaging device. The optical reader is configured to transmit from the 

illuminating arrangement to the lens system only light having a specific polarization, and 

the optical reader comprises a polarizer that is arranged between the lens system and 

the imaging device and configured to block polarized light reflected from the surfaces of 

the lens system, and wherein the illuminating arrangement comprises an integrating 

chamber and the lens system comprises an aperture, through which the light from the 

beam splitter is directed to a well of the microplate, and the diameter of the aperture is 

at most the same as the diameter of the well.  

According to a second aspect of the invention, there is provided a method for analyzing 

biological samples arranged the wells of a microplate, the method including the steps of 

producing polarized or unpolarized light by means of an illuminating arrangement, di-

recting part of the produced light by means of a beam splitter towards a sample in a well 

of a microplate, in case of unpolarized light, polarizing the light received from the beam 

splitter, directing light with a specific polarization by means of a lens system to the sam-

ple, passing at least part of the light reflected from the microplate and the sample and/or 

emitted by the sample through the lens system, directing part of the light received from 

the microplate and the lens system by means of the beam splitter towards an imaging 

device, and forming an image of the sample by means of the imaging device. Polarized 

light reflected from the surfaces of the lens system are blocked by means of a polarizer 

arranged between the lens system and the imaging device, and wherein the light is di-

rected towards the beam splitter from an integrating chamber and the light from the beam 

splitter is directed to a well of the microplate through an aperture of the lens system, the 

diameter of the aperture being at most the same as the diameter of the well.  

By directing the light from the illuminating arrangement via the beam splitter and the lens 

system to the well of the microplate, it is possible to form a uniform and bright spot on 

the bottom of the well. Stray light around the well can be significantly reduced, which 

increases the contrast of the image. However, as the illumination beam goes through 

the lens system, stray light is formed on each lens 
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Claims 

1. An optical reader for analyzing biological samples arranged in the wells of a 

microplate, the optical reader comprising 

- a horizontal reading plane for receiving a microplate comprising a plurality of 

wells, 

- an illuminating arrangement comprising a light source and being configured to 

illuminate the samples in the wells of the microplate, 

- an imaging device arranged to receive light from the microplate, 

- a beam splitter, which is arranged to direct part of the light from the illuminating 

arrangement towards the reading plane and to direct part of the light received 

from the microplate to the imaging device, and 

- a lens system comprising at least one lens and being arranged between the 

beam splitter and the reading plane to focus the light received from the illumi-

nating arrangement to a sample and to focus an image of the sample to the 

imaging device,  

wherein the optical reader is configured to transmit from the illuminating arrangement 

to the lens system only light having a specific polarization, and the optical reader 

comprises a polarizer that is arranged between the lens system and the imaging de-

vice and configured to block polarized light reflected from the surfaces of the lens 

system, and 

wherein the illuminating arrangement comprises an integrating chamber and the lens 

system comprises an aperture, through which the light from the beam splitter is di-

rected to a well of the microplate, and the diameter of the aperture is at most the same 

as the diameter of the well. 

2. The optical reader according to claim 1, wherein the illuminating arrangement is 

configured to illuminate the samples in the wells of the microplate with light having a 

first polarization direction, and the polarizer between the lens system and the imaging 

device has a second polarization direction that is perpendicular to the first polarization 

direction, and the polarizer is arranged between the beam splitter and the imaging 

device. 

3. The optical reader according to claim 2, wherein the light source is arranged to 

produce unpolarized light and the illuminating arrangement comprises a further polar-

izer arranged between the light source and the beam splitter. 
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4. The optical reader according to claim 1, wherein the polarizer between the lens 

system and the imaging device is a circular polarizer that is arranged between the 

beam splitter and the lens system. 

5. The optical reader according to claim 4, wherein the angle between the normal 

of the surface of the circular polarizer and the longitudinal axis of the lens system is 

in the range of degrees. 

6. The optical reader according to any of the preceding claims, wherein the imaging 

device comprises a camera sensor. 

7. The optical reader according to any of the preceding claims, wherein the illumi-

nating arrangement comprises at least one LED for producing the light used for illu-

minating the samples. 

8. The optical reader according to any of the preceding claims, wherein the imaging 

device is arranged above the beam splitter. 

9. The optical reader according to any of the preceding claims, wherein the optical 

reader comprises a reference detector arranged to measure the intensity of light pro-

duced by the illuminating arrangement and passed through the beam splitter. 

10. The optical reader according to any of the preceding claims, wherein the optical 

reader comprises a first filter that is arranged between the illuminating arrangement 

and the beam splitter and configured to pass through light only in one or more first 

predetermined wavelength ranges, and a second filter that is arranged between the 

beam splitter and the imaging device and configured to pass through light only in one 

or more second predetermined wavelength ranges. 

11. A method of analyzing biological samples arranged in the wells of a microplate, 

which is arranged in a horizontal reading plane, the method comprising the steps of 

- producing polarized or unpolarized light by means of an illuminating arrange-

ment, 

- directing part of the produced light by means of a beam splitter towards a sam-

ple in a well of a microplate, 

- in case of unpolarized light, polarizing the light received from the beam splitter 

, 

- directing light with a specific polarization by means of a lens system to the 

sample, 

- passing at least part of the light reflected from the microplate and the sample 

and/or emitted by the sample through the lens system, 
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- directing part of the light received from the microplate and the lens system by 

means of the beam splitter towards an imaging device, and 

- forming an image of the sample by means of the imaging device, 

wherein polarized light reflected from the surfaces of the lens system are blocked by 

means of a polarizer arranged between the lens system and the imaging device, and 

wherein the light is directed towards the beam splitter from an integrating chamber 

and the light from the beam splitter is directed to a well of the microplate through an 

aperture of the lens system, the diameter of the aperture being at most the same as 

the diameter of the well. 

12. The method according to claim 11, wherein light with a first polarization direction 

is produced by means of the illuminating arrangement, the polarizer has a second 

polarization direction that is perpendicular to the first polarization direction, and light 

received from the lens system and the beam splitter is polarized by means of the 

polarizer . 

13. The method according to claim 12, wherein polarized light is produced in the 

illuminating arrangement by producing unpolarized light and passing it through a fur-

ther polarizer  arranged between the light source and the beam splitter. 

14. The method according to claim 11, wherein the polarizer arranged between the 

lens system and the imaging device is a circular polarizer arranged between the beam 

splitter and the lens system and the light received from the beam splitter is polarized 

by means of the circular polarizer . 

15. The method according to any of claims 11–14, wherein unpolarized light is pro-

duced by means of at least one LED. 

16. The method according to any of claims 11–15, wherein the light from the illumi-

nating arrangement is reflected to the sample by the beam splitter. 

17. The method according to claim 16, wherein the intensity of light produced by the 

illuminating arrangement and passing the beam splitter is measured. 

18. The method according to any of claims 11–17, wherein the samples are ar-

ranged in a microplate, where the walls of the wells are black. 

19. The method according to any of claims 11–18, wherein the samples are ar-

ranged in a microplate, where the bottoms of the wells are white.  

 


