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25  concentration may be a result of chronic inflammatory disorders
(thrombocytose), such as rheumatic arthritis, or of independent production of
thrombocytes in the bone marrow (thrombocytemia) and may lead to blood
cloths, thrombosis.

[t is desirable to enable analysis resulis to be obtained as quickly as

30 possible in order to minimize waiting times for patients and enabling a
physician to make a decision of treatment and diagnosis directly when making
a first examination of the patient. It would therefore be preferable to provide
an analysis method which may be quickly performed by the physician or a
nurse without the need of sending a test away to a laboratory.
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There is still a need to speed up and simplify existing automated
methods for determining a thrombocyte count such that analysis may be
provided at point of care.

Summary of the Invention

It is an object of the invention to provide a simple analysis for
determining a volumetric enumeration of thrombocytes. It is a further object of
the invention to provide a quick analysis without the need for complicated
apparatuses or extensive sample preparations.




determ ning a volunetric enuneration of thronbocytes.
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30 the invention is specifically adapted to performing volumetric enumeration of
thrombocytes. The reagent comprises a haemolysing agent which will lyse
the red blood cells in the blood sample, but not the thrombocytes. This
destroys the possibilities to enumerate the red blood cells in the sample. On
the other hand, the lysing of the red blood cells simplifies the distinguishing

35 and identification of the thrombocytes within the blood sample. Some intact
white blood cells may also be present, but they will be few compared to the
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cavity, and a ?ght source aprgnged to ffradiate the blood sample. The

30 measurement apparatus further comprises an imaging system, comprising a
magnifying system and a digital image acquiring means for acquiring a digital
image of a magnification of the irradiated sample in the measurement cavity,
wherein thrombocytes are distinguished in the digital image by selective
staining of the staining agentland/or by phase contrast. The measurement

35 apparatus also comprises an image analyser arranged to analyse the
acquired digital image for identifying thrombocytes and determining the

number of thrombocytes in the blood sample.
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30 MeasUr emaatmeastireynemmaavity preferably has a uniform thickness of 50-170
micrometers. A thickness of at least 50 micrometers implies that the
measurement cavity does not force the blood sample to be smeared into a
monolayer allowing a larger volume of blood to be analysed over a small
cross-sectional area. Thus, a sufficiently large volume of the blood sample in
35  order to give reliable values of the thrombocyte count may be analysed using
a relatively small image of the blood sample. The thickness is more preferably
at least 80 micrometers, which allows an even smaller cross-sectional area to
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30 Since the digital image is acquired with a “depth of field” at least
corresponding to the thickness of the measurement cavity, a sufficient focus
is obtained of the entire sample thickness such that the entire thickness of the
measurement cavity may be simultaneously analysed in the digital image of
the sample. By choosing not to focus very sharply on a specific part of the

35 sample, a sufficient focus is obtained of the entire sample thickness to aliow
identifying the number of thrombocytes in the sample. This implies that a
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The haemolysing agent may be a quaternary ammonium salt, a

35 saponin, a bile acid, such as deoxycholate, a digitoxin, a snake venom, a
glucopyranoside or a non-ionic detergent of type Triton. However, it should be
appreciated that the haemolysing agent is not limited to this group, but many
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Consequently, the stained thrombocytes which contain an accumulation of
30 staining agent will be detected by a low transmittance of light.

In this case, the irradiating may be performed by means of a laser
source. The laser source may provide light of a well-defined wavelength fitting
the absorbance of the staining agent. Further, the laser source provides
collimated light, minimizing disturbances of stray light, such that a point of low

35 transmittance of light will be sharply distinguished.

The irradiating may alternatively be performed by means of a light

emitting diode. This light source may still provide sufficient irradiating
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30 Brief Description of the Drawings
The invention will now be described in further detail by way of example
under reference to the accompanying drawings.
Fig. 1 is a schematic view of a sample acquiring device according to an
embodiment of the invention.
35 Fig. 2 is a schematic view of a sample acquiring device according to
another embodiment of the invention.
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25 communicates with the exterior of the samplé acquiring device 10 for allowing
blood to be drawn into the sample acquiring device 10. The sample acquiring
device 10 further comprises a measurement cavity 20 arranged between
opposite walls inside the sample acquiring device 10. The measurement
cavity 20 is arranged in communication with the sample inlet 18. The walls
30 defining the measurement cavity 20 are arranged closer together than the
walls of the sample inlet 18, such that a capillary force may draw blood from
the sample inlet 18 into the measurement cavity 20.
The walls of the measurement cavity 20 are arranged at a distance
from each other of 50-170 micrometers, and more preferably 80-150
35 micrometers. The distance is uniform over the entire measurement cavity 20.
The thickness of the measurement cavity 20 defines the volume of blood
being examined. Since the analysis result is to be compared to the volume of
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30 glucopyranOSIde or a non-ionic detergent of type Triton, preferably a saponin.
The staining agent, if used, may be methylene blue, eosin methylene blue,
azure eosin methylene blue, Plaxan™, hematoxylin, methylene green,
toluidine blue, gentian violet, a sudan analogue, gallocyanine, or a fuchsin
analogue. When a blood sample makes contact with the reagent 22, the
35 haemolysing agent will act to lyse the red blood cells such that the red blood
cells are mixed with the blood plasma. Further, the staining agent, if used,
may accumulate in the thrombocytes, e.g. in the membranes thereof. If a
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30 Referring now to Fig. 3, an apparatus 30 for volumetric enumeration of
thrombocytes will be described. The apparatus 30 comprises a sample holder
32 for receiving a sample acquiring device 10 with a blood sample. The
sample holder 32 is arranged to receive the sample acquiring device 10 such
that the measurement cavity 20 of the sample acquiring device 10 is correctly

35 positioned within the apparatus 30. The apparatus 30 comprises a light

source 34 for illuminating the blood sample within the sample acquiring
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30 to distinguish the thrombocytes. Further, the depth of field of the magnifying
system 38 may still be arranged to at least correspond to the thickness of the
measurement cavity 20.
The magnifying system 38 comprises an objective lens or lens system
42, which is arranged close to the sample holder 32, and an ocular lens or
35 lens system 44, which is arranged at a distance from the objective lens 42.
The objective lens 42 provides a first magnification of the sample, which is
further magnified by the ocular lens 44. The magnifying system 38 may




agai nst a lighter background. If a phase contrast

approach is utilized, no staining is needed, although
woOnRoesmyotee practical to stain anyway in order POT/SE2007/000655

further facilitate the detection of the thronbocytes,

and the thronmbocytes will energg as |light dots with

dark circunference. The |light source 34 nay
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Th%c&ﬁi%ﬂ b 'tlﬁ@ dR)il 8aM3fa 46. PHd R aﬁéﬁlgelﬁ hets éﬁﬁn?ed to
S ARG Brbens3h G roTBLImss Lt a0gRTA AdgeriOsHE for
of cbbetingrtigenwaber of thgombeoged Being present in the digital image.
Thus, the image analyser 46 may be arranged to identify dark dots in a lighter
30 background. The image analyser 46 may be arranged to first electronically
magnify the digital image before analysing the digital image. This implies that
the image analyser 46 may be able to more easily distinguish thrombocytes
that are imaged closely to each other, even though the electronic magnifying
of the digital image will make the digital image somewhat blurred.
35 The image analyser 46 may calculate the number of thrombocytes per
volume of blood by dividing the number of thrombocytes being identified in
the digital image with the volume of the blood sample, which is well-defined



If a phase contrast m croscope is conprised in the

nmeasur enent apparatus of Fig. 3, a condenser and a
woans@e®wd annul us are included between the |i gaT/SE2007/000655

source 34 and the sanple holder 32, and a phase plate

is included between the objectiye Iens 42 and the

i mge acquiring neans 40. The i nmage acquiring neans 40
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digital camera 40 for recei.vin igital . mages ..
2cHlA Sl g5 T Auoasiuy FiGgHDY 5 SpharatiigBtsting fpe presence
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20 di ragaificatiagef themesdmpienis aaakiied asiapylds: The samplsds being
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bl e B o anal veer 46 may cal cul atg the
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anfeiBice FRABinSL bf s St eliTBsfils, Alfalfndl §RaRAY afuit has 2
30 vothramthocytesiaoumb of gbeutc2fitht1 ORdyronthasytesfitre dlaed. This implies
that 25,000 thrombocytes are found in samples having a volume of about 0.1
ul. For example, if an area of 1.0 x 1.0 mm in the measurement cavity having
a thickness of 100 pm is imaged, the volume being imaged is 0.10 pl. A part
of the acquired image may be selected for analysis. Thus, the acquired image
35  may first be coarsely analysed such that no anomalies are allowed in the part

being used for determining the thrombocyte count. The part of the acquired



a display of the apparatus 30. The inage anal yser 46

may be realised as a processing unit, which conprises
woaas®i1éwo perform ng the i mage anal ysis. Ref ePCTSE2000/000655

Fig. 4, a nethod for volunetric enuneration of

thrombocytes will be describedg The method conprises

acquiring a blood sanple in a sanple acquiring device,

stiefagédZeldvted futi dnalysis swydbe selectaddhavimg eocdppsopriate size so

d . |
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A sanpl Ibshﬂuld aei emaln@swcb that ke prrfeaed amnbodigentsdescribed
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patlent ntact with a.r ent
5 | rpaseibla AR MeSRane: ALPrRISRIGE deRings 291th APeBded cams.
The red bl ood cells will be Iysed and a staining agent
is accunul ated in the thronbocytes. Wthin a few
m nutes fromacquiring the blood sanple, the sanple is
ready to be anal ysed. The sanple acquiring device is
pl aced in an anal ysis apparatus, step 104. An anal ysis
may be initiated by pushing a button of the analysis
apparatus. Alternatively, the analysis is
automatically initiated by the apparatus detecting the
presence of the sanple acquiring device. The sanple is
irradi ated, step 106, and a digital inmage of a
magni fi cation of the sanple is acquired, step 108. The
sanple is being irradiated with el ectromagnetic
radi ati on of a wavel ength corresponding to an
absorption peak of the staining agent. This inplies
that the digital imge will contain black or darker
dots in the positions of the thronbocytes. The
acquired digital image is transferred to an i mage
anal yser, which perforns i mage analysis, step 110, in
order to count the nunmber of black dots in the digital
i mage. The nethod and apparatus presented here may for
exanpl e be arranged to count approxi mately 25, 000
t hronbocytes, which gives better statistical certainty
of the obtained results. A normal, healthy adult has a
t hronbocytes count of about 250x1 09 thronbocytes
/litre blood. This inplies that 25,000 thronbocytes
are found in sanples having a volune of about 0.1 m.
For exanple, if an area of 1.0 x 1.0 mmin the
measur enent cavity having a thickness of 100 mmis
i mged, the volune being imaged is 0.1 0 m. A part of
the acquired i mage nay be sel ected for analysis. Thus,
the acquired i mage



may first be coarsely anal ysed such that no anomalies

are allowed in the part being used for determ ning the
wohowmbowyt e count. The part of the acquiredi "TRGEMSE2007/000655

sel ected for analysis may be sel ected having an

appropriate size so that a suffycient volune of the

bl ood sanple will be analysed. It should be enphasized

that the preferred enbodi mer@lsAlBdScri bed herein are in

no way |limting and that many alternative enbodi nents

are possible within the scope of protection defined by
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7. The sample acquiring device according to any one of the preceding

claims, wherein the haemolysing agent is a quaternary ammonium salt, a
30 saponin, a bile acid, a digitoxin, a snake venom, a glucopyranoside or a non-
ionic detergent of type Triton, preferably a saponin.

8. The sample acquiring device according to any one of the preceding
claims, further comprising a sample inlet communicating the measurement
cavity with the exterior of the sample acquiring device, said inlet being

35 arranged to acquire a blood sample.

9. A method for volumetric enumeration of thrombocytes in a blood

sample, said method comprising:



saponin, a bile acid, a digitoxin, a snake venom a
gl ucopyranosi de or a noni oni ¢ detergent of type
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devi ce according to any one of the preceding clains,
further conprising a sanple inkgt comunicating the
nmeasurenent cavity with the exterior of the sanple
acqui r i agquieng @ehlosdisdmpie &tto hahagsuenmerdedvityp ohis gampde
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5cavi ty. 111Themeethed Regomingiaeiatn il hivheretsy thegneasurement

\Ah%éeuwlhé@@ tARRAEES BEHY-170thicYorieters, rbie srgsbef 80-150
50 mcroneters, nore preferably 80- 150

i ETF' Wé‘f‘%treé 12. The method according to claim 11,
V\/ner ei n12. Tokunethotl amcomlig tcseldins drip wheirainvegeVdluohef dfraad
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Soggc emgfghy}ﬁgﬁyé%go%ﬁé) tFLAY oh8 ' WaiPRS-95, Fhald said

|rrad|at|ng is performed by means of a laser source.

15. The method according to any one of claims 9-13, wherein said
irradiating is performed by means of a light emitting diode.

16. The method according to any one of claims 9-15, wherein the
digital image is acquired using a magnification power of 3-200x, more
preferably 4-20x.

17. The method according to any one of claims 9-16, wherein said
analysing comprises identifying areas of high light absorbance in the digital
image.

18. The method according to claim 17, wherein said analysing
comprises identifying black dots in the digital image.

19. The method according to any one of claims 9-18, wherein said
analysing comprises electronically magnifying the acquired digital image.



irradiating is performed by neans of a light emtting
di ode. 16. The nethod according to any one of clains
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magni fi cati on power of 3-200c, nore preferably 4-20c.
17. The method according to a y one of clains 9-16,
wherein said anal ysing conprises identifying areas of

hi gh | ighn glstemifenesiuimetidenutngidtion oftthgembddted mea blood
met hoq according to cl ginm 17, wherein said anal ysing
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the |igh8. The system according to any one of claims 20-22, wherein the light
source is arranged to irradiate light of a wavelength corresponding to a peak
in absorbance of the staining agent.

24. The system according to any one of claims 20-23, wherein said
light source comprises a laser source.

25. The system according to any one of claims 20-23, wherein said
light source comprises a light emitting diode.

26. The system according to any one of claims 20-25, wherein the
magnifying system has a magnification power of 3-200x, more preferably 4-
20x.

27. The system according to any one of claims 20-26, wherein the
image analyser is arranged to identify areas of high light absorbance in the
digital image.

28. The system according to claim 27, wherein the image analyser is
arranged to identify black dots in the digital image.
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ThEHQW%ten1accord|ng to any one of clalns 20- 26,
wherein the image analyser is arranged to identify
areas of high Iight absorbance in the digital inmage.
28. The system according to claim 27, wherein the

i mge anal yser is arranged to identify black dots in
the digital inmage.29. The system according to any one
of clains 20-28, wherein the imge analyser is
arranged to electronically magnify the acquired
digital inmage.




