A METHOD, DEVI CE AND SYSTEM FOR VOLUMETRI C
ENUVERATI ON OF WHI TE BLOOD CELLS, Technical Field
The present invention relates to a sanple acquiring
device, a nethod and a systemfor volunetric
enuneration of white blood cells in a blood sanple.
5 Background of the Invention Determning a white
bl ood cell count is often inpor- tant in connection
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20 Today, a white blood cell count is normally obtained
through a manual procedure by staining a blood sample and

microscopically viewing the sample in a special counting
chamber, e.g. a Blirker chamber. The counting chamber is
provided with a grid dividing the chamber in well-defined
25 small volumes. The white blood cells are allowed to
settle at the bottom of the counting chamber in order to
enable the microscope to focus on all cells in the
chamber and, thus, facilitate counting. Thus, the sample
need to settle for several minutes before performing the
30 counting. The white blood cell count can then be
determined by counting the number of blood cells per box
in the grid. The white blood cell count is obtained
manually by an analyst, who needs to be experienced in



reliable analysis. This analysis is tinme-consum ng.
Further, since it 1is perfornmed manually, the results
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perform ng the analysis. There are a few nunber of

exi sting automated anal y- sis nethods for determ ning
a white blood cell count. The white blood cell count
may be determ ned by nmeans of the Coulter principle,
whi ch is based on determ ning cél| 10 size and

t her ey rbhg; 66! nd YRR 1Y 5€08i SN doTpedapte. td perform a
nmet hod f,ogllcount' ng white blood cells by the Coulter

pri ndtprtaPs WFHTed in US 5,262, 302. The Coulter

princi pl eThés tdrealdwricnasi hipemarovatiod - ERaF§_Fs since it

mﬁt had b@@to%ﬁe@rﬁﬁﬁh iy, Eeié@g:mh G mbneranaﬂs’ﬁsis may

there are a few ot her nethods that have be .

d@scrEfédIeray %RH%?QN@SEOHE %ﬁncﬁﬁ%n%ﬁq%ﬁﬁgggem?ﬁ?%¥8ls'

bl ood cel Fhevairdre ias fgisphoser ¢h aIgs3i5ghapagnateg @naly-

a tbL%Q@f lﬁém%&shﬁfr fjdéte%_éﬁif@aé ahive kajlmoag ajbwd?ount. The

Wi a_fluorescent dye a I.gand .coml e i

the WH-{& ]BtrLB% <& §.°u?ﬁem§¥3 %%mﬁteeﬁ%nrﬁtiﬁgﬁ%%%&a%sf the

i nt o Caudapr| paiyciaie,i yhirhads deated o deltaseinsourese

}ﬂpl ChiSeaRsaovRErdie t%%ga_b@llﬂy @G:;}E@éntslihbaéy-ixﬂ'@ﬁiance. A
uorescence is megsured. in order. to deter-. min

nunbgﬁigPQmﬁ?fec?ﬂ gchFE?OQ\%RQﬁq%ﬁisngyhggéiQO&fg%r

di sclpgsediphe W3 SH02482d GBI WY B F924d0&scent dye and

a 25 | aseqy, SO PR SCPRALRYp DY e s & HeBRIchiak¥ind Ni Sutomated
met hod i s ,adqgéﬁd for enumeratlo_glr e bloog

of_whi t
cel | SMPAYSpRePEEIRE YhAddd st BXREM ahiveg ™ P8R nuRBET o
06 whihbeebhpeda ciiw sxtheHemethofie Wi IHaaeybesnodegeribed.

t hi C?n@ngubh hSt KL I tEen: MBhd dIRfHiltet BeoWBI €11 count
bl ood ce

b ood Sl LEAMEE GoUdaeah, bbe B0t oM ay Ve oo o

99/ 4538%repasadpbye ledmoaikag @hhhbeﬂﬂhmwﬁﬁgenVa@$¢rﬁpd

i SIERR S oo A e Ll sennas e

$Pai FEEPHPL b 2l ROTUIGTC £818i ?f‘é?%’ri]i%yi ;?“frﬂ)ém thfgdiated

at Ibeaat 1hheeesdifdenmdrichwhites bbood el Isamppesin nthe cap-

;Eﬁngpg?gg.géﬂglfﬁué@gédﬂﬁbgeigl&Eﬁ%&fﬁdﬁinﬁ%&dgﬁ to deter-
mine theynégﬁggyof white blood cells. A similar method is
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25 laser source scanning over a capillary. This method is
adapted for enumeration of white blood cells in apheresis
products containing a low number of white blood cells.
Here, the capillary is quite thick and it is necessary to
wait until the white blood cells have settled at the

30 bottom of the capillary before the capillary may be
scanned.

In WO 99/45384, a sample containing chamber having
varying thickness is shown. The varying thickness sepa-
rates different compounds of blood. The blood sample is

35 stained with a colorant to differentially highlight at
least three different white blood cell types in the blood

sample. The white blood cells may be enumerated by using



3 an optical scanning instrunent to view a portion

of the chanber. There is still a need to speed up

and sinplify existing autonated nethods for

determining a white blood cell count such that
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In acCordance with "a first aspect of the invention,

cha;

there is provided a sample acquiring device for volumetric
enumeration of white bloed cells in a blood sample, said
sample acguiring device comprising: a measurement cavity
for receiving a Dblood sample, said measurement cavity
having a predetermined fixed thickness of 50-170
micrometers, a reagent, which is arranged in a dried form
on a surface defining the measurement cavity, said reagent
comprising a hemolysing agent for lysing red blood cells in
the blecod sample, and a stalning agent for selectively
staining white blocd cells in the blood sample.

The sample acquiring device may provide a possibility
to directly obtain a sample of whole blcod inte the meas-
urement cavity and provide it for analysis. There may be no

need for sample preparation. In fact, the blood sample



need for sanple preparation. In fact, the bl ood

sanple 4 may be sucked into the neasurenent cavity

directly froma pricked finger of a patient.

Providing the sanple acquiring device with a reagent

may enable a reaction wthin the sanple acquiring

devi ce which nmakes the sanple ready for analysis.
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The staining agent can provide a marking of the

individual white blood cells. This may enable the white
blocd cells to be individually viewed or detected. The
white blood cells may e.g. be detected by scanning the
measurement cavity or obtaining an image of the measurement
cavity. The white blood cell count may thus be obtained by
summing the number of dindividually detected white blood

cells in a defined wvolume.



5 1In accordance with a second aspect of the

invention, there is provided a nethod for volunetric
enuneration of white blood cells in a blood sanple,
said method conprising: acquiring a blood sanple

into a neasurenent cavity of a sanple acquiring

devi ce, said neasurenent &avity hol ding a reagent
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irradiated sample in the measurement cavity, wherein white
blocd cells are distinguished in the digital image by
selective staining of the staining agent, and an Image
analyser arranged tc analyse the acquired digital image for
identifying white blood cells and determining the number of
white blocd cells in the blood sample.

The method and system according to emboediments of the
invention can provide a very simple analysis of a blood
sample for determining a white blood cell count. The
analysis may not require complicated measurement apparatus
or advanced steps to be performed by an operator.
Therefore, it may be performed in direct connection to
examinaticon of a patient, without the need for a gualified
technician. The measurement apparatus may utilize the
properties of the sample acquiring



anal ysis may not require conplicated nmeasurenent
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measurement cavity and an area of the sample being imaged.
Thus, the well-defined volume could be used for asscciating
the number of white blcod cells to the velume of the blood
sample such that the volumetric white blood cell count may
be determined.

The measurement cavity preferably has a uniform
thickness of 50-170 micrometers. A thickness of at least 5C
micrometeﬁs may imply that the measurement cavity does not
force the blood sample to be smeared inte a meonolayer
allowing & larger wvolume of Dblood to be analysed over a

small cross-sectional area. Thus, a sufficiently large



sanpl e such that the volunetric white bl ood cel

count may be determ ned. The neasurenent cavity
preferably has a uniform thickness of 50-170
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Further, the thickness of the measurement cavity may
be sufficiently small tc enable the measurement apparatus
to obtain a digital image such that the entire depth of the
measurement cavity may be analysed simultaneously. Since a
magnifying system is to be used in the measurement
apparatus, it may not be simple to obtain a large depth of
field. Therefore, the thickness of the measurement cavity
would preferably not exceed 150 micrometers in order for
the entire thickness to be simultaneously analysed 1in a
digital image. The depth of field may be arranged to handle

a thickness of the measurement cavity of 170 micrometers.:
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The reagent may preferably be sclved in an organic
solvent and more preferably be solved in methancl. Such
solvents are volatile and may appropriately be used Zor
drying the reagent ontc a surface of the measurement
cavity.

The staining agent may be arranged to selectively
stain the nucleus of the white blood cells. This may imply
that the white blood cells may be identified as coloured
dots and therefore easily be counted in a digital Ilmage.

The staining agent may be any one in the group of
Hematoxylin, Methylene blue, Methylene green, Methylene



solvents are volatile and may appropriately be used
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The sample acquiring device may be disposable, i.e. it
is arranged to be used once only. The sample acguiring
device can provide a kit for performing a white Dblood cell
count, since the sample acguiring device may be able to
receive a blood sample and holds all reagents needed in
order to present the sample to cell counting. This may
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The digital image may be acquired using a magnifica-
‘tion power of 3-200x, more preferably 3-10x. Within these
ranges of magnification power, the white blcood cells may be
sufficiently magnified in order to be detected, while the
depth of field may be arranged tc cover the sample
thickness. A low magnification power may imply that a large
depth of field may be obtained. However, if a low
magnification power 1is used, the white blood cells may be
hard to detect. A lower magnification power may be used by
increasing the number of pixels in the acquired image, that
is by improving the resolution of the digital image. In
this way, it has been possible to use a magnification



ranges of magnification power, the white blood cells

may be sufficiently magnified in order to be

detected, while the depth of field may be arranged

to cover the sanple thickness. A low magnification
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Fig. 2 i1s a schematic view of a sample acquiring
device according to another embodiment of the invention.

Fig. 3 is a schematic view of a measurement apparatus
according to an embodiment of the invention.

Fig. 4 is a flow chart of a method according tec an
embodiment of the inventiecn.

Fig. 5 is a digital image of a blood sample to be used

for volumetric enumeration of white blood cells.

Detailed Description of a Preferred Embodiment

Referring now to Fig. 1, a sample acguiring device 10
according to an embodiment of the invention will be
described. The sample acquiring device 10 is disposable and

is to be thrown away after having been used for



according to an enbodi nent of the invention. Fig. 4

is a flowchart of a nethod according to an

enbodi ment of the invention. Fig. 5is a digital

i mage of a blood sanple to be used for volunetric
enuneration of white blood cells. Detail ed

Description of a Preferred Enbodi nent Referring now

to Fig. 1, a sanple acquiring QEV|ce 10 according to

an enbodi nent of the invention W l|l be described.
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measigmprenkcgaviiyg 2vice 10 for allowing blood to be drawn
into the sample acquiring device 10. The sample acquiring
device 10 further comprises a chamber for counting white
25 blood cells in the form of a measurement cavity 20
arranged between opposite walls inside the sample
acquiring device 10. The measurement cavity 20 is
arranged in communication with the sampie inlet 18. The
walls defining the measurement cavity 20 are arranged
30 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. The
35 measurement cavity 20 is more preferably at least 100
micrometers thick. Further, the measurement cavity 20 is
more preferably no more than 150 micrometers thick. The



arranged between opposite walls inside the sanple

acqui ring device 10. The neasurenent cavity 20 is
arranged in conmuni cation with the sanple inlet 18.

The wal | s defining the nmeasurenment cavity 20 are
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significant in the measured white blocd cell count. At

25 this white blood c¢ell count, the white blood cells will
cover approximately 8% of the cross-—section of the sample
being irradiated, if the thickness of the measurement
cavity is 140 micrometers. Thus, in order to obtain
correct white blood cell counts, this effect will need to

30 be accounted for. Therefore, a statistical correction of
values of the white blood cell count above 12 x 10°
cells/litre blood may be used. This sﬁatistical
correction will be increasing for increasing white  blood
cell counts, since the effect of overlapping blbod cells

35 will be larger for larger white blood cell counts. The
statistical correction may be determined by means of ‘
calibration of a measurement apparatus. As an



significant in the nmeasured white blood cell count.

At 25 this white blood cell count, the white bl ood
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cross-section of the sanple being irradiated, if the
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bl ood cell counts, this effect. %A need to 30 be
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reagent 22 may flll the measurement cavity 20. Then,

drying is performed such that the solvent will be
25 evaporated and the reagent 22 will be attached to the
surfaces of the measurement cavity 20.

Since the reagent is to be dried onto a surface of a
narrow space, the liquid will have a wvery small surface
in contact with ambient atmosphere, whereby evaporation

30 of the liquid is rendered more difficult. Thus, it is
advantageous to use a volatile ligquid, such as methanol,
which enables the liguid to be evaporated in an effective
manner from the narrow space of the measurement cavity.

According to an alternative manufacturing method,

35 the sample acquiring device 10 may be formed by attaching
two pieces to each other, whereby one piece forms the
bottom wall of the measurement cavity 20 and the other



into the neasurenent cavity 20. The solvent with the
reagent 22 may fill the neasurenent cavity 20. Then,
drying is perforned such that the solvent will be 25
evaporated and the reagent 22 will be attached to the
surfaces of the measurenment cavity 20. Since the
reagent is to be dried onto a surface of a narrow
space, the liquid will have a ry small surface in
contact with ambient atnosphere, whereby evaporation
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blooghf w1ll %e 1n EHEXég in the blood plasma. The surplus
of staining agent will give a homogencus, low background

25 level of staining agent in the blood plasma. The
accumulated staining agent in the white blood cells will
be distinguishable over the background level of staining
agent.

The reagent 22 may also comprise other constituents,

30 which may be active, i.e. taking part in the chemical
reaction with the blood sample, or non-active, i.e. not
taking part in the chemical reaction with the blood
sample. The active constituents may e.g. be arranged to
catalyse the hemolysing ox staining action. The non-

35 active constituents may e.g. be arranged to improve
attachment of the reagent 22 to the surface of a wall of

the measurement cavity 20.



20 shoul d contain sufficient anmounts of staining
agent to distinctly stain all the nuclei of the
white blood cells. Thus, there will often be a
surplus of staining agent, which will be interm xed
in the blood plasma. The surplus of staining agent

wi Il give a hombgenous, |ow background 25 |evel of
staining agent in the blood plasna. The accunul ated
stai ning agent in the white bl&dcells will be
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10 accorcﬂé%%rggnghgo&ifétFig. 3, an apparatus 30 for volu-
metric enumeration of white blood cells will be de-
scribed. The apparatus 30 comprises a sample holder 32

25 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
positioned within the apparatus 30. The apparatus 30

30 comprises a light source 34 for illuminating the blood
sample within the sample acguiring device 10. The light
source 34 may be an incandescent lamp, which irradiates
light in the entire visible spectrum. The staining agent
which is accumulated in the nuclei of the white blood

35 cells will absorb light of specific wavelengths, such
that the nuclei of the white blood cells will emerge in a

digital image of the sample. If a colour image is



enbodi nent, the chanber 120 has a wel | -defi ned

t hi ckness defining the thickness of the sanple to be
exam ned. 20 Further, a reagent 122 is applied to

wal I s of the chanmber 120 for reacting with the bl ood
sanple. Referring nowto Fig. 3, an apparatus 30 for
volu- netric enuneration of white blood cells will be

de- scribed. The apparatus 30 ¢pnprises a sanple

hol der 32 25 for receiving a sanple acquiring device
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image acquiring means 40. The magnifying system 38 is
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25 arranged to provide a magnifying power of 3-200x, more
preferably 3-100x, and most preferably 3-4x. Within these
ranges of magnifying power, it is possible to distinguish
the white blood cells. The image may be acquired with an ‘
improved resoclution in order to allow lower magnifying

30 power to be used. 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

35 holder 32, and an ocular lens or lens system 44, which is
arranged at a distance from the objective lens 42. The
objective lens 42 provides a first magnification of the



the staining agent, the light source 34 may be

arranged to irradiate |light having a wavel ength of

667 nm The apparatus 30 further conprises an inaging
system 36, which is arranged on an opposite side of

the sample 20 holder 32 relative to the Iight source

34. Thus, the imaging system 36 is arranged to

receive radiation which has begn transmitted through
the bl ood sanple. The inmag- ing system 36 conprises a
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imaged in the dlgltal image. The area being imaged to-

25 gether with the thickness of the measurement cavity 20
defines the volume of the sample being imaged. The imag-
ing system 36 is set up to fit imaging blood samples in
sample acquiring devices 10. There is no need to change
the set-up of the imaging system 36. Preferably, the

30 imaging system 36 is arranged within a housing such that
the set-up is not accidentally changed.

The apparatus 30 further comprises an image analyser
46. The image analyser 46 is connected to the digital
camera 40 for receiving digital images acquired by the

35 digital camera 40. The image analyser 46 is arranged to
identify patterns in the digital image that correspond to
a2 white blood cell for counting the number of white blood



size within the depth of field. However, the white

bl ood 15 cells nmay still be detected even if they are
somewhat blurred and, therefore, the circle of

confusion may be allowed to exceed the pixel size

whi | e being considered wthin the depth of field.

The digital canera 40 will acquire a digital inmge

of the sanple in the nEasureneEB 20 cavity 20,

wherein the entire sanple thickhess is sufficiently
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blood is acquired in the sample acquiring device. The

25 sample may be acquired from capillary blood or venous
blood. A sample of capillary blood may be drawn into the
measurement cavity directly from a pricked finger of a
patient. The blood sample makes contact with a reagent in
the sample acqguiring device initiating a reaction. The

30 red blood cells will be lysed and a staining agent is
accumulated in the nuclei of the white blood cells.
Within a few minutes from acquiring the blood sample, the
sample is ready to be analysed. The sample acquiring
device is placed in an analysis apparatus, step 104. An

35 analysis may be initiated by pushing a button of the
analysis apparatus. Alternatively, the analysis is



nunber of white blood cells being identified in the
dirgi- tal image with the volune of the bl ood sanpl e,
which is well-defined as described above. The
volunetric white 15 blood cell count nmay be presented
on a display of the apparatus 30. The inage anal yser
46 may be realised as a process- ing unit, which

conpri ses codes for perforrn'ng2 he i mage anal ysis.

20 Referring to Fig. 4, a nmethod for volunetric enu-
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inag@ﬁﬂgthpgg@fth@(g;qqghﬂiion is not specifically adapted
to an absorption peak of the staining agent. The staining
agent used was Methylene blue. Distinct biack dots appear

in Fig. 5 indicating white blood cells. The image shown

25 in Fig. 5 is a black and white version of a colour image.
The contrast between the white blood cells and the
background appears clearer in the colour image than in
the black and white image reproduced here. The black dots
may easily be counted by an image analyser.

30 In manual methods of counting white blood cells,
approximately 200 cells are typically counted for deter-
mining the white blood cell count of the blood sample.
The method and apparatus presented here may for example
be arranged to count approximately 2000 cells, which

35 gives better statistical certainty of the obtained
results. A normal, healthy adult has a white blood cell
count of 4-5 x 10° cells/litre blood. This implies that



I mage anal yser, which perforns i mage anal ysis, step

110, in order to count the nunber of black dots in

the digital image. In Fig. 5 an exanple of a

digital image is shown to 15 indicate the

possibility to identify white blood cells in a blood
sanpl e which is henol ysed and stained. This digi- tal

i mage was obtained of a sanplesacquiring device

having a cavity thickness of 140 pm and using 50
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cell count of 4-5 x 109 cells/litre blood. This

inplies that 21 2000 cells are found in sanples

having a volune of 0.4- 0.5 pl. For exanple, if an

area of 1.5 x 1.5 mmin the neasurenent cavity

having a thickness of 140 pmis inmged, the vol une
being imged is 0.315 pl. A part of 5 the acquired

i mage may be sel ected for analysis. Thus, the

acquired imge may first be coarsely anal ysed such
that no anonmalies are allowed in the part being used

for determning the white blood cell count. The part
of the



acqui red i maged sel ected for analysis may be sel ected
10 having an appropriate size so that a sufficient

vol une of the blood sanple will be analysed. It
shoul d be enphasi zed that the preferred enbodi- nents
described hereinis in no way limting and that many
alternative enbodi nents are pos®ible wwthin the 15
scope of protection defined by the appended cl ai s.

22 CLAIMS 1. A sanple acquifhfieevice for

vol unetric enunera tion of white bl ood ceIIs in a

bl ood sanmp d sa .5 acquiri devi

conpr i SEngh SETBLE FEMBhE LeAVAEY Fbr PBcEPyTAgTALC enunera-

bIDmdnsaﬁpWh;teShldodeaemﬂenéntaChWbby bawphg, asaid sample
5prgg ?hamgeg%égs arpkggg 89 of 50-170 m croneters,

a re ange in adried formon a 10
surfacead@ﬁﬁﬁﬂﬁgm@hé ﬁ@ﬁsﬁveﬁ@ﬁtr@QVLvyngsalbloeégéﬂmple,

coga&asmagsareﬁaﬁkyéaegtggﬁablhar §§bagté§ﬂ1959091xed
cells in the bl sanpl e, and ai ning agent for

seFBeErRBRy ©8t aPmtnf WﬁFF@mBFﬁéarcells in the bl ood

sanpl e. aZreJ@QHSanWhﬁcﬂCﬂslEkﬂgngéﬁlﬂﬁ @cgﬁiédngokﬁ on a
claim.1

10 conpFTEs AR Pt R 2RI RE i Y I8 S rpagent

t ocdeprneisgi d hemslyenent ageati tyr 3ysThg safdpbéood cells
aC%H'£h89b$8¥aC§aﬂ ¢ar ding sEkﬁhﬂhédeg$ﬂ€r 89 nggctively

p anar surrtaces ar arran e er-
i Stancangr ohi sRebARBEhEF1L6 dat ShA héoadsamppée.

th|ckne§s TR §@m§pélgahuﬂ9aﬁgr§€$m&e 4cc59§l§@”959c1a1m 1,
devi ce accord

|r|n g a of the
15 saﬁhg ERsi ReTOIReRERH FHEgngﬁgaF%nﬁﬁFP€é§?Fya Rady mem-
a berfbaﬂhhbiCkﬁe§$aﬁﬁraéukéa&b31@6 de€l nBELRL . m@3surement
5. - he sanpl e acquiring device according to any one
of “Ehe grecedlng cl ai ms, wherein the nmeasurenent
cavity 3ha%ha sanpbe e Childknegsdering aocerdhag t50claim 2,

M GHLEPBL BT Bhe plgﬁgrsgﬁEkgc@%qué'Qgrgﬁégae @C%Oﬁgéﬁgter—
to any one of the preceding clains rein
2Ore§@§ﬁ@ fAistpren from one. another to determine a sample

thickness for an optical measurement.

4. The sample acquiring device according to any one
cf the preceding claims, wherein the measurement cavity
has a uniform thickness of at least 100 micrometers.

25 5. The sample acguiring device according to any one
of the preceding claims, wherein the measurement cavity
has a uniform thickness of no more than 150 micrometers.

6. The sample acquiring device according to any one
of the preceding claims, wherein the reagent has been

30 applied to the surface solved in a volatile liquid which
has evaporated to leave the reagent in a dried form.

7. The sample acquiring device according to any one

of the preceding claims, wherein the staining agent is

35
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30 applied to the surface solved in a volatile liquid
whi ch has evaporated to | eave the reagent in a dried
form 7. The sanple acquiring device according to any
one of the preceding clainms, wherein the staining

agent is 35 23 arranged to selectively stain the

nucl eus of the white blood cepts. 8. The sanple

acqui ring device according to any one of the
préssdnagdctai Aslenhérveln shaist ahai ngcageat oifstbeanpite
ongjbRqt hejgeoup, of Hemat oxylin, Methyl ene bl ue,
thhylene reen, Methylene azure, cresyl violet

acet at e® %%?u?ﬂmﬂéebPG@U1€%ﬂ9|gﬁV%F%I@FCOSﬁaaﬁ to any one
anafogHesprefabiingyanngs, aﬂdeE@@hStHeaB@bQﬁﬂﬁ§ agknt is

nmbi nat th f 0
G EeoaecoPaPHG POSHRy ConECTREOFRE: By b G SEFaPHES:
whBeehplehe besohysMaghagent hsura, quateyhavyolet acetate,
a"ﬁBﬂEHH&ﬁ@'Elu@ sRapLgy @lehg% g4, angigﬁhgéln

a snake venom a’ gl ucopyranosi de or a hon-

defat geryanineypandr Fruehsinsanglognessanpl enscgambingtion
devheeeggcording to any one of the preceding clains,
further conp risin i nl.et comuni cating the

measur efren %a%?@glﬁn?ﬁqFﬁélgﬁt@eVFF%raS?OFﬁéngaﬁﬁlény one
acqﬂlthégpdeaedengsa&dlmnletheemg tﬁérﬁﬁgedybﬂng agent is
acOubLe 2 RLEoYARERL Ry 8L p TEReSRTR

deVi d&” accordynng ARV SR&C7 of TRBORF Ceal é Slg
wheéigihokhe, sanphekacganrinnga géupcpyrandsspesable non-
12lo lge??ggrégﬁtvgkug§gglg epyperation of white

s 1h a npl'e, said met hod
conpr.sl%g ThossaRgLFr PAGUATBPB0ECEARP| aCFATEing to any one

NeagutBEBPLeEaME hy @ﬁaamganph@tﬁégubamﬁglggﬁgcs,sﬁﬁpﬁe
msasEr enment cavit

L ho%gln rea ent co r|S|ng . _
heRbl 51 HGTaGRhE =Rt oat Pet BPAPHG UGB CES F¥akE T Fhe cxte
t heisanpfetsachatmhat thquiwhhtedblrood, cebklis anget being
a;s%gggpgggtgrgéghgg ng Emgoaang Slmnth t he stai ned
11. The sample acquiring device according to any one
of the preceding claims, wherein the sample acquiring
device is disposable.
12. A method for volumetric enumeration of white
blood cells in a blood sample, said method comprising:
acquiring a blood sample into a measurement cavity
of a sample acquiring device, said measurement cavity
holding a reagent comprising a hemolysing agent and a
staining agent to react with the sample such that the
white blood cells are stained,
irradiating the sample with the stained white blood
cells,
acquiring a digital image cof a magnification of the
irradiated sample in the measurement cavity, wherein
white blood cells are distinguished by selective staining

of the staining agent, and
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cells, acquiring a digital imge of a magnification

of the irradiated sanple in the neasurenent cavity,
wherein white blood cells are distinguished by

sel ective staining 35 of the staining agent, and 24
digitally analysing the digital inmage for identifying
white bl ood cells and determ ntog the nunber of white
blood cells in the sanple. 13. The nethod according

to cl ai ddixaliyeres iy FheodisBadaipreci Eomidegtifying

Wi LR 1he11:880801 1 4 Rrddh @ PBAIH ISR Rhe CAYI oflfni b 1000
nmet hod accordlng to claim12 or 13, wherein the

nesstlenéntrea?# R Sras a thi ckness of 50-170

m cr omet gy Sﬂheaﬁléth&alajcdﬂ:lr@hhm td nEIgA mi szacwﬂeﬁdl Wwhiholood
e af flel at a corr.es OQQ

thl%ﬁ%gelsopl§%e‘ﬁ%%%ur8nﬁ% IEEVitty ur?ﬁsnt cavity.

nmet hod aécordi mgthod cdaiandidg WMGﬂeunla2VQrUHh eherann the

a”f’ﬂ&(éﬁ%m@%‘ﬁpk&vi@y wely! ad%‘%i&&%s%y o%h me0C§12%§PmQEers, and

nmeasur enent caV|ty and an area 0
beﬁﬁgdwiﬁa@éél 1Bp9eTHS ﬁﬁﬁhbﬁe%d@ﬂldﬁnﬁeﬁ@ &ty feﬁédoeft least

cl gbfBesk2mlbng WhENR Rnt RRnsaRIre the hédAdi-akad Byvity.
light of a mavelen th 15 correspondln%Hto a peak in

absor bahte OF FRENSE AHIHG EGeht . CLE2™ The WA a volume of
acenr ahalg stea amypmasoﬁaemhadmrm ﬂ:@ thaherieikfesal €if the

|rrad|at|n is erforned mea se source.
urem’%ﬁo gct |dn8nt%r%ﬁn? oﬁgeo?a%ﬁﬁ %elfﬁ ygged.
20 wher &6 n Bad dlelthoadatcaftqmigngstfpearfmrowedoﬁyclrﬁaaﬁs 18f15,

a L«hQPéln etﬁli'et Eéxﬁ&léj' %d?nrréglag&? b@ewgﬂk 3c9£c%r @L0g14:Q5en

any one clal ns - wherein“the digita I mage
|scaéﬂ%ﬁ90@6119§|ﬁ‘@ %%&nﬂﬁquwn%ov\ért S@azee&g agent.
nore preferal )he%hé@xacc%ﬁcﬁﬁg irdsmearrgetolaledoac&ml@hsnmws
any.one, of ¢l ains wher ej n 54 i d anagé
COMBTFSES Saent TT91 175 2Ped BT HLGRC PY gehbsor Batie™
i nstheceli gital inmage. 21. The nethod according to
clai m 20, wher %'ethgé' Qcco%%hésg 9., PR g%sclalms 12-16,
|dent|fy|ng 51 ack dot's 1 n t I gital nage
whereln said irradiating is perfcrmed by means of a light
emitting diode.

19, The method according to any one of claims 12-18,
wherein the digital image is acquired using a magnification
power of 3-200x, more preferably 3-10x.

20. The method according to any one of claims 12-19,
wherein said analysing comprises icdentifying areas of high
light absorbance in the digital image.

21. The melLhod according to claim 20, wherein said
analysing comprises identifying black dots in the digital
image.

22. The method according to any one of claims 12-21,
wherein sald analysing comprises electronically magnifying the

acquired digital image.
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22. The nethod according to any one of clains 12-21,
wherein said anal ysing conprises electronically

magni fying the acquired digital imge. 35 25 23. A
system for volunetric enuneration of white bl ood

cells in a bl ood sanple, said system conprising: a
sanpl e acquiring device accordeng to any one of

claims 1-11, and 5 a neasurenent apparatus

conpri sthg:A aysaapl oacqlivrehyldesivve rhdl dero ambangeel cod

tocelBEEINVEG HNE-S A ACAMI & 1 J10:-ARV LGSR W Gl . hol ds a
bl ood sanple in the neasurenment cavity, a light

sour ce %r?%ﬂﬁi@daF%”%?%%ﬂn@&FécFh%c%ﬂﬁﬂiﬁg 19 ¥whpre, ojnclaims
| maging ssyst em conprising a nagnifying system and a

di gital _image acgquin ans for ac |r|ng a

di gi t al %iPrage 63 n%%ﬁ%ﬁ% ¢S5t FOP o i rradiated

sanple in tmeﬁmﬁdguaeqehthuﬁkaﬁpewmewﬁnnamhhm@aito
bl'ood cells; ar ‘Ehé%%hﬁé %%%%PE% | Lihe g gig Eﬂolalgageblood

by selective staining he stai ni ng agent,
i mage aﬁ@ﬂ%éeﬂﬂaﬁhaﬂyéﬁﬂﬁ@mﬁﬁélV@@iﬂhe acqui r ed

digital imge foumdd dentid ving iyt o bl oodiicek! sh@ ood
determ ni ng the nunber of white blood cells in the

bl ood 2% le. 24. The systemaccording to claim
23, wherein &meumﬂﬁg@iEyéﬂ@mSysh©ﬁ1£5mﬁﬁiaﬁgﬁﬂfyﬂﬁd1s@stem
dept h of élekg_ taft Ieast the.th cknes§ of

measur efEht® CAF YT ot 4% Sl &' AGqirT FRE %ﬁgylrlng a
25 25. Theiwmistieavacebradimagntidichlaion 23 bhe 24gradiated sample

wher ei ny ﬁ'Uﬁpngg§u9£mﬁﬂ%kn%£¥§edw l wh§te blood cells are

mell-de%lne ess t he neasurenent
cavity %h%F%ﬂ?uéﬁéﬁdo¥ntqﬁ? §éﬁﬁF@lkkﬂ%ﬂ§ bwnﬁﬁkﬁftlze staining

The syspemmaceendhngy toyany aeng of clainms 23-25, 30
wherein the |ight sourci%ls arrangﬁg to irradiate

light of a WavEt¥gfRecHTTesPRdrhyg to A3PEaR Thip acauired

absor baacgi ofl tthege for identifying white blood cells and
determining the number of white blood cells in the blood
sample.

24. The system according to claim 23, wherein the
magnifying system is arranged with a depth of field of at
least the thickness of the measurement cavity of the sample
acquiring device.

25. The system according to claim 23 or 24, wherein a
volume of an analysed sample is well-defined by the thickness
of the measurement cavity and an area of the sample being
imaged.

26. The system according to any one of claims 23-25,
wherein the light source is arranged to irradiate light cf a
wavelength corresponding to a peak in abscrbance of the
staining agent.

27. The system according to any cne of claims 23-26,

wherein said light source comprises a laser source.
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staining agent. 27. The system according to any one

of clains 23-26, wherein said |ight source conprises

a laser source. 35 26 28. The systemaccording to

any one of clains 23-26, wherein said Iight source
conprises a light emtting diode. 29. The system
according to any one of clainm2&3-28, wherein the

magni fyi ng system has a magni fication power of 3- 5
200x, it e PrefERRPT 2FOTGXNI 3R IPHe 08 st brfildeda&sr df nef -

t OwiddRE iINQ 208 T AT od3c@%ompMigeei & 1hghd RBEEting diode.
anal yser _is_ arranged to igentifgf areas of hiath |I9ht
absor bafite T4 ERETHT G A Rage® 3¢, °FReCEySrem® ~° <8,
aceiofiimg the ©i@iimy30g whetel matshe hamgeick@ianabyser of 3-
IS ran L dent.i fy ck dots in the digital

i rr%\(g%f’ ﬁ%g%g&s@rsatbé% écg(l())}?di ng to any one of clains

23- 31, 3Wwhditei avehemianmgpedanal Ysenyi snarehngednso23-29,

el @%J:reg_@l' %ﬁlel ymaé@%aﬁ}éséf’eisa%%iaﬁsgd dﬁ@iitd%lnthf‘?g@reas of
15high light absorbance in the digital image.

31. The system according to claim 30, wherein the image
analyser is arranged to identify black dots in the digital
image.

32. The system according to any one of claims 23-31,
wherein the lmage analyser is arranged to electronically

magnify the acquired digital image.



