WD 99
Det er
TECHNI CAL FI EL
anal yzi

part

& CORRECTED
4igéi%R$0N*
E’}Qﬁl

GCHl's i nvent MORL?

i il e e

anal
whi t ¢
enum

(ShrTotemitiondd Pxsest Chsifipiten P h a qui e

bloonk swhg differential count,
rati on of nucl eated r.ed bl.ood ceII<

IScel]
Alr

(1

e Blood CeII Differential and F@tF%%?
@”ﬂ%ﬁgﬁﬁdﬁﬁﬁﬁﬁﬁﬁﬁ?ﬁ?ﬁ? ®Mnd net ho

rfo PR IS SRR

etlculocyte count _anal

200004301 -8 -
S99/ QR

lw..“uﬁ
Cyt e Gy

T

4

i/é 4

ERAYI6N TREATY ®CT)

lsna&hsuonnl Reblitation Humbep: pr ovi WD 99/45384
sj s,

) Tpraeghal Buleptop Dets” 19 Sspigoer 1999 (100999

abno
even
i ncreas,
pat i

usin
t he

bei n
may

pl at
di ff
of w
prope
usin
conv
net e
Addi {
i ndi

sanp
cel l

furt
the {
The

i nst

mal nucl eated circulating cells, suc
@1 InexmatiopabApgticativey Numbere ¢ e n tPCHYSINBHS |

> .%{Hi‘) PARY beef 2N Ghialy (1300 Qf2.08
ant S mg sanple. As a result(a{2 %
) B?tlents bl ood sanples as a dlagno
) theo

?ﬁy Per'h gf ”Pﬂgigféaﬁ)e”‘”{}?
ncl ude,

96BC. v
I N addltlon to the enuner at i

b| et s,

fefiler]

r ed blood cell netrics; retlcu
1|te

oy C;
brties of the sanp e

) ph h
el "%ﬁ%ﬁﬁ%
7y mmkamammmm\msalmsmg] Highrbdh

2 .}

1 as cancer cells mhlch are rar

SE$N BIMEBR
)rnatuﬁQGﬁwgh

. FI, GB, GD,

mim 7P, KE, KG, KP,
tedlcam.xmmmumxtykssturemeswnmnwu;Mm,
5t i C ﬂ@bl ?E? %Rg%iSG
B‘.eatcy

H on JTWH
hi ch Iﬁmﬁt piteﬁ:QA ﬁlhlii '
bn of QB GRJEBI ILULEMCE nmmvamtm asF
ocyt &J¢ %ﬁﬁsﬂ SWth\h‘éN | 112G e YRe NE, SN,
s the“tldssification of the types
sanpl e. The general physi cal

Biblished count s nust be analyzed

VU 7

Re%t
nanel y vari ous
bnt | dyeb  ChsI63 71 i aBEEONa RECKRISON D)
i ng Wﬁ:{lﬁgg o I Begitn BRvedF W“‘s‘ﬁ&’:l
i onally, i nstrunent nust neasure
Virs) ibntds SRODRIGUHZ] KodoHdSI A1 IDdvié e RéRch
e mrhhm&PanMQQWNEGm)passage of the d
neasur es the 25 cells using
el gontar Hemnbad peiteis Mpdson, &
ot al | bl ood cells which are comnj
hunber of sub-popul ati ons depends upo
unment involved, which may be as litt

!

20 %arle tgna %an g the limit
t hi S Jafd\dhd 15 8e RpBH ascﬁ
| Zed awe@sdts.ement apparatus

guantitative aspects.of the
roviding a high dilution of the
luted material through a flow

| pctrical or optical neans. Stil

J to classify the percentage of
posed of specific sub popul ations.
N the sophistication of the

e as two or nore than

amending the
ﬁhe receipt of

(57) Abstract

Target nucleated cells, and target
cells containing remanant ribosomal ma-
terial, which are present in'a quiescent an-
ticoagulated whole blood sample are opti-
cally detected, enumerated, and analyzed
in a sample chamber (14) that has a vary-
ing through plane thickness due to con-
vergent opposing sample chamber walls.
At least one of the convergent walls (8)
of the chamber is transparent so that the
blood sample can be observed. The cham-
ber’s varying thickness produces a first
lesser thickness region (A) in the cham-
ber wherein individual red cells (32) and
quiescent monolayers (31) of red cells in
the sample will reside after the sample
is introduced into and fills the chamber.
Larger formed constituents such as white
blood cells (34) and nucleated red blood
cells present in the sample will reside in
greater thickness regions (B) of the cham-
ber, and non-nucleated red cells which re-

(54) Titlee DETERMINATION OF WHITE BLOOD CELL DIFFERENTIAL 'AND RETICULOCYTE COUNTS

side in such greater thickness regions will
agglomerate to form rouleaux (33). By
admixing fluorescent dyes with the blood
sample, target cells in the sample can be
enumerated and differentiated by means of
a scanning instrument (54) which is able
to measure different wave length color sig-
nals emitted from the target cells in the sample, and differentiate the
color signals.

target cells one from another by reason of the nature of the emitted |

*(Referred 1o in PCT Gazette No. 5/2000, Section 11)




seven classifications. 30 Historically, the differential aspects of the CBC
have been perfornmed using separate 1 WO 99/ 45384
. PCT/ .US99/ 0377%QoBhdiefls fromthose used for enumeration. For pexampdesrrs he
LDC portion of a CBC was traditionally performed by snmearing a small anount
of undiluted, blood on a slide, staining the dried, fixed snmear, and

exam ni ng the snear under a mcroscope. Reasonable results can be gai ned
from such a smear, but the accuracy and 5 reliability of the data depends

|argeLY, on 1 LR et B BB R0 Bt SRR me R fies many

types of supravital stains and anal yses whose results depend:upon the

living cell, such as some cytoche In addition, the use of
bl ood snears is. Labor . intensive an&dﬁgbs'\gémr'ﬁiegq)tlve and-is therefore

‘general |y rihis inveotien relatestte ANERPREIYS andamiho@ fariahelyzingha qHiescait: saspler
per f or m ng GiarkibSagiaRdSHRAE bldéﬂ' m%mem tmelimfehhoﬁ 'r@l\étéé’tbcﬁmt ry FI ow

.cytometry invol ves el a.snall vessel
Wherei n ol RREFENE aﬂﬂﬂ@ﬁ'ﬁﬁei a0 SABPI. & Guleesre St n Srder
const i tlsentto%ﬁowde|aLth§blbbdweMm|r@mral @burlyt & retiouidtytd\conrt smalysisTba - Sfllrre
apparatus nma S t Qus en rovide ce
metric data rgggn (égt{@&%ﬁeaéaa%@dg‘fe@ %bnﬁﬂgé %S%Cgﬁﬁ gi# and the
sanpl e rrustnumeate@airadahng cells; gueteas bmcnre:eua,ehmc&mgrmtarbavenfs the RBC s
relative to the WBC S.. Al though nore expedi ent and consi stent than the

e e e shevant St oBAGRRREIITRRTY o0, o eoats S fl ui o
cont r ol 40t HAecant advaneessiaranaiyticalctematoldgyiaveliecreasad thet quantity ared quality ed
bl ood sanpl & l%ﬁhaﬁ&‘?aﬁ%ﬂ ﬁomg‘ﬁaﬁn‘t’m&% ddingil" AS"Y rdsuftthe medical
C ‘community's interest in using patients’ blood samples as a diagnostic tool has also
increased, with the most commonly performed test performed on anticoagulated
~ whole blood being the compilete blood count, or CBC which is a suite of tests whlch
15 may include, in addition to the enumeration of the cellular components and -
platelets, red biood cell metrics; retloulocy_te counts; and the leukocyte differential
- count (LDC or "Diff") which is the classification of the types of white blood cells
present in the blood sample. - The general physical properties of the sample, namely
_ various cell or counts must be analyzed using quantitative methods relating to the
20 entire sample. In conventional instrumentation and methods, this requires accurate
- sample metering and dilution, followed by specialized measurement apparatus.
~ Additionally, the instrument must measure quantitative aspects of the individual
- cells, which usually involves providing a high dilution of the sample with a
~ subsequent passage of the diluted méterial through a flow cell which measures the
25 cells using electrical or optical means. - Still further, qualitative measurements are
- used to classify the b'ercentég'e of the total white blood cells which are composed of
specific sub populations. - The number of sub-popuia'nons depends upon the
sophistication of the instrument involved, which may be as little as two or more than
seven classifications.

~Historically, the differential aspects of the CBC have been petformed using separate



cytonmeters can, and often does, |eak, thus potentially conprom sing ‘the
accuracy and the safety of the equipnent These anal yses are al so generally

-incapabl e of Zp,pga¥di ng any type of norphonetric anal ysis, pégf/B§snds
actual image of eac ceII is not obtained; only the total signal from any
given cell may be anal yzed. Another di sadvant age of many current flow
cytoneters relates to the accuracy of the internal fluid flow controls and
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5, 585, 2480 arTGT g@mmesclabmnhgaww rel-ativel'y-undi | ut ed sanpl e of- whole bl ood
is placed into a capillary of .known volune and thickness and i s exanined

bresence of Anednbfiod di HelBfifRG o R usts' e ietircE R DplktW's
t hose to 10 cytaretry. hEIOWe@ﬂ@metswrtyeres passingal ditutedbblpod sampieathsough aismallt
requires thajeskBawReraR Qe&ﬁcélﬁ b8&n& ot &ﬁif:ai §§n§d?§’ cQI'I 80 ﬂuﬁ@ he, déﬁsﬁ't%nt

aggregat e dur| n the neasure pr.ocess nique is limted

to the ud® &l F %‘?yﬂﬁ%se? r?‘PQﬂ)}r@s!?ﬁi Q %Wﬁ@@ﬂ@‘%@%@b‘iﬂ?ﬁon for
the enuner atused tof5|mmtartéol1§|93€nemeaate and provide cell metric data. To evaluate ' .

WBC'S, the blood sample must be diluted, and the sample must be treated to
mitigate the overwhelming number of the REC's relative to the WBC'S. Although
more expedient and consistent than the above described smear methods, flow
20 cytometry ailso possesses several dlsadvantages One disadvantage of flow
cytometry is the plumbing and fluid controls that are necessary for controlling the
flow rate of the diluted blood sample past the sensors. The plumbing in current flow
cytometers can, and often does, leak, thus potentially compromising the accuracy
~and the safety of the equnpment. These analyses are also generally incapable of
25 _ providing any type of morphometnc analysis, since an actual image of each cell i |s
'~ not obtained; only the total signal from any given cell may be analyzed. Another
disadvantage of many current flow cytometers relates to the accuracy of the internal
“fluid flow controis and automated dilutioh equipment. The accuracy of the flow
~ cytometer depends upon the accuracy of the fluid flow controls and the sample
30 dilution equipment, and thair ability to ramain accurately calibrated. Flow controls
and dilution equipment require penod:c recalibration. - The need for recalibration
illustrates the potential for inaccurate resuits and the undesirable operating costs
that exist with many. presently available flow cytometers. An article authored by_ o
""John L Haynes and pubiished in Qﬂometm Sugglemeﬁ 13: '7—17 in 1988 descnbes |




nucl eated red bl ood cells. Additionall y, as with flow cytonetry, no
nmor phol ogi ¢ 15 information is available fromthe scans. There are a nunber

-of commerci al wostmsssents avallable for performng a CBC or PERASeMTBst s,

but those which provide nore than a few of the CBC tests quickly becone
conpl ex, expensive and prone to malfunction. In addition, there are a
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15 information is available from the scans. There area number of commercual

instruments available for performing a CBC or related tests, but those which provide =~

more than a few of the CBC tests quickly become complex, expensive and prone to

malfunction. In addition, there are a number of methods proposed for'speciﬁc

hematological tests, but these do not provide all of the clinically useful mformatlon o
20 whlch is expected in a CBC.

- All of the above methods are genetalty flimited to a single mode of analysis, in that a
combination of histochemical staining and cellular morphclogy is not possible.
Having the capabmty to perform both of these types of tests expands the number of

.25 groups wtuch can be recogmzed by the methcd

It would be desarable to have a method and apparatus for examlmng a qunescent
sample of anticoagulated whole blood, which method and apparatus are capable of

- providing accurate results for a LDC, rettcul_ocyte enumeration and detectionof

30 nucleated red blood cells and abnormal e'i:réu'l'atindn'uaeated cells, such as cancer
cells, and does not require sample fluid ﬂow through the. sampllng chamber during
- sample analys:s
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and anticoagul ants, and these reagents, even i f liquid, are not desi gﬁed to
dilute the specinen. The analysis may be perforned within a chanber haV| ng -

a fixed dept g as the depth supports the formation @brhRshdahs
cell aggrega?‘lw %g %gd 10 lacunae, which formin a layer having a t ckness

from about seven to about forty mcrons, depending upon t he hemat ocrlt of
t he sanple. However, having a fixed depth makes it nore difficult to
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the two waldgunt,iar thetéimulthns‘oas@ﬂuﬁ@?mrbﬂrbﬁcdld@td@lshmpoﬁélbﬁﬂu tl'iietyipecul ar

D o o G SHRAMERE! phroFi 5 il B b g ESPE BB i o
The t hi naedhickpgsses asdescdbethbalowt The sevaralviegiods dmthehchamberwib cesate. of
: gd:‘ Y: Flggl vélmﬂ:l%%gflﬁy io?cé%ﬁﬁ%ﬂ'?%:bﬁs Ehﬁ\?ness of @tblrﬁsét’??g%&o’% ofahhﬁ gharber
chanber shdediasd SARIEIATOAGREN thashamper utien yEmate! piresultadn aguescent
preferably Kb6d sampksinthé chanber! e énly motion in the blood sample at the time of
analysis will be Brownian motion of the blood sampile’s formed constituents, which
20 motion is not disabling of the utility of this invention. The apparatus includes a
sample-holding chamber which has opposite sample-containment walls, at least
one of which is transparent, which walls preferably converge in at least one portion
of the chamber. In the preferred embodiment, the through plane thickness of the
chamber thus varies in different regions of the chamber. As used in this disclosure,
25 the phrase “through plane” refers to a line of sight which corresponds to the shortest-
~ distance between the convergent walls in any region of the chamber. The degree of
convergence of the two walls, Le., the distance between the two walls, at any
particular point in the chamber is either known, or it can be measured after the
: sample has been_placed in the ¢ham_ber,.as will be described hereinafter. . .
30 '
“The thinnest region in the chamber will be sized so that a monolayer of individual
red blood cells present in the sample will form when the chamber is filled with the
~ blood sample. The thickness of this region of the chamber should be between .
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about two and about seven microns, and is. preferably about five microns. Thus e



WO 99/ 45384 ' _ - PCT/ US99/ 03775
measurenents of red cells' differential reticulocyte counts can be derived
. in this regi onwﬂgwm‘cchanber. Fromthe thin portion of the cherosynsihe
chanmber thickness increases so as to form- - - progressively thicker
regions in the chamber that are used to differentiate and differentially
enunerate various white cell épes and nucl eated red blood cells in the

bl ood sanpl e MepsHraments of kad ¢ally differmtiabretisuloeyle countscarr detivead ivithis of

smal | Iyrrphoeeg.g,softmtcmdpe | arger.- The thickness of the chanber in this
region"thereof is typically in the range of ‘bet ween about seven to about

forty mcrons. The 10 chanber is contained in a sanple holder into which
the blood saffme thetimpodienah therehamberpthe chamber dsicknass increases seeds ta forma -

col-or ant.-ghi h)g?éébnmy ttfél(er PO B the gﬁ%ﬁﬂnﬁm Fre %ééd o dﬂlé?%maf@"gn& he

resultant- adm xture spreads out .in t _
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the sanple Moﬁﬁ%@sgﬁpﬁ%ﬁe I%e[rhl Het%ﬁ'gkﬁ?ﬁﬁ&ﬁﬂg chgmgﬁgmctﬁ%gpn tEW@H} as
b% drKacoatl lsgyphallyzloltbemgedlnf_ Ween gbomﬂ'eevehwtbuut faaggﬂMnsL;cﬂ er :st in
the ¢ J

sel ect ed mvgﬁ‘ﬁ'ﬁét@w@ﬁ%ﬁ%ﬁ“ﬂéﬁﬁé 10 o2o'the] Bloogisinile 80 a0 .

sanple to fl@@Wsce. Regions in the chanber containing the red cel
nonol ayers and the white cells and red cell roul eaux in the bl ood sanple

The 2L‘zﬁsS°a?”%@aa‘wﬁeé%%*x%“é%%?@@%&% 7 PRI Rin, 8 b pr s8SMBlshAs
with platel efidorg &yetoy dyes,angiihe F&Wlwhadmmumm@mtmmdoghamber so
- f1 uor escensceas eforml é&uué@c&ﬁ rshiﬁbﬂe tH&tfn aﬁfa%ﬁ%ﬂ?%kﬁe‘%@ &EW@& the
red.cell..rou) qetgpx AL HESS né':‘xrelber H‘Re oolorant(s) be added to the
younger pl at 8 can be added to the sample priorto .
: admisspn of the sample into the chamber, or the colorant can be added to the
sample while the sample is within the confines of the chamber, such as by dry L
coating the colorant on walls of the chamber. Regions of interest in the chamber are
20 selectively illuminated by a light source having a selected anelength or
wavelengths, which causes the colorant in the sample to fluoresce. Regions i in the
chamber containing the red cell monolayers and the white cells and red cell
rouleaux in the blood sample are thus scanned, preferably by an optical instrument,
and the results of the scans may be digitized and analyzed. Differential platelet -
25 counts with platelets grouped by size and RNA content, as determined by
fluorescence, can also be derived in the region of the chamber wherein the red cell

rouleaux and Iacun_ae form. Platelets with increased RNA are younger platelets.

~ . This invention provides a method for performing at least a thfee'part dlfferéhtlal
30 - white blood cell count in a sample of anticoagulated whole blood which method
unc!udes the steps of: prowdmg a sampllng chamber that is dimensioned so as to
" enable the aggregation of the red blood celi population and the separation of
. individual white blood cells from the red cells ina substantlally undlluted
- e o ---antxcoagulated whole blood sample which is m’troduced into the chamber. 'An _
T T— 1 admlxture ofa ﬂuorescmg colorant or colorants and the antlcoagulated whole blood -

5



This invention provides a nethod for performng at |east a three part
differential 30 white blood cell c¢count in a sanple of anticoagul ated whol e
bl ood, which geify %shncl udes the steps of: providing a sanplgcigsedlgsrner
that i's di nensioned so as to enable the aggregation of the red blood cell
popul ation and the separation of individual white blood cells fromthe red
cells in a substantially undiluted anticoagul ated whol e bl ood sanpl e which
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11 erent ! ety tobARA By S SBnl 5L ST B SF ety O < e,
col orants ahighlighded celisiwhichare. detactémlnubetadnnxtpse arer enuraerated, and ttee or
nucl eat ed r 8RRk EQH a@%‘ﬂﬁﬁed By &élﬁyBEO%e same colorants and light conditions
- can be used to perform reticulocyte or nucleated red blood cell counts in the blood
- sample due to the presence of nuclear material in the cells. inthe case of the
- reticulocytes, the nuclear material in the cells constitutes remnants of the cells’ -
20 nucleus, such as intracellular RNA, and in some cases intraceliular DNA. The
-dlfferentlally fluorescmg intracefiular material present in reticulocytes can be o
.. characterized as “remnants of intracellular nucleated material”. The reticulocyte and |
non-nucleated red cell parameter analyses are performed in the thinnest region of
the chamber where lndlwdual mature red celis and monolayers of mature red cells,
25 . aswellas retlculocyles can be expected to be found due to their size.

lt is therefore an object of thls invention to prowde a method and apparatus for use
in obtalmng dlfferent:al blood cell.counts of certain nucleated blood cells and
o platelets m a qu1escent antlcoagulated whole blood sample
30 - _
| Itis an additidnal objeCt of this invention to pl_-ovlde a method and apparatus of the
character described which enables a'subStantially undiluted whole blood sample to
be examined for differential white blood cell subpopulation counts; total white cell
subpopulatlon counts; retlculocyte counts; nucleated red blood cell counts; platelete |
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sanple due to the presence of nuclear material in the cells. In the case of
the reticul ocytes, the nuclear material in the cells constitutes remants
of. the cells' wiboussse! eus, such as intracellular RNA, andi necrmssse3rzes
intracel lul ar DNA. The di fferentl ally fluoresci ng intracel lular materi al
present in reticulocytes can be characterized as "remants of intracellular
nucl eated material". The reticul ocyte and non-nucl eated red cell pararreter

anal yses areoysés;fandasiestion;of abmarmalsiicieated siicuatingeelish sugleAs R cells.
i ndi vidual mature red cell's and. nonol ayers of mature red cells, 25 as well

Ther of ore an’ obj ot of -t i BHEFISSCBI IER BEAHEDRAINES e appar ot us Tor

-usleI in ogt a'r'a;?seganﬁ 6ther ebjectd ard advintadds ofchatimvention aill aemmemmau'ie?wggo?t
S.a olo

s an addi | POVRPTUER RS HOMRE SRRIER e SRR By Seyelar S RrBu B S AT oy ot L

~of the charinvestiordwben taken inicoojunetiom with the agbempanying dyawings ﬁmwbd:hvxhol e

bl ood sanple to be exam ned for differentiialwhi'te’blood cell -subpopul ati on

counts; total white cell subpopul ation counts;. reticul ocyte counts;
nucl eat ed r BIB.5\ isrischematicRersrective yiay of 2 bipod sajpieginalyzing device which

- PCT/ US99/ 03jpéfudes & édmpletEcsleing Chiaribep! whieA @haRibe mﬁ&as%rﬂ Cgih'ﬂo@bh ng
.cells, apch asgﬁﬁnger cel|s. BRIEF DESCRI PTI'ON OF THE DRAW TheSe and

ot her oBfecPl@n BAI9PS: of the invention-wilt become more readily 5
apparent fromthe follow ng detailed description of several enbodinents of

the inventi PIG V@Erh é!ékmhé?eﬁﬁﬁdléﬂ‘b?bé%éﬂéﬁérﬂdb? tREGRIE8 AN tHE ditta¥eTesmi N
whi ch: FI G E?iﬁ‘ r@h get:rs ective, vi.e a Iood sa | e- analt{:m ng
devi ce whi cﬂ‘q ﬂﬁ?‘ fou f S@WF&Q"’EHE #rciR des
var. yl ng t hr pragh. tﬁ:ﬁkneﬁsaagtoh lih thenelssmbery withthe sohd trace bemg representatlve ofa
15 linear chamber such as that shown in FIG. 1 and the broken trace being
" representative of a non-linear varymg thlckness chamber

FIG. 3 is a schematic plan view of a portion of a varying thickness chamber formed
in accordance with this invention and lllustratmg in a schematic sense how the

20 various size formed constituents in a quiescent blood sample will separate into the
various thickness regions in the chamber so as fo be mdlwdually visible in different -
fields of view in the chamber; |

. FIG. 4 is a schematic plan view of a portion bf the chamber showing four different
25 fieids of view that might bé surveyed by a sample-scanning instrument;

FIG. 5 is a schematic view of a scanning instrument which can be used 1o identity,

count and analyze certain characteristics of the formed components of an

anticoagmated whole blood sample placed"'.in"'the"chambér;' o e

B[ . S R

FIG. 8isatwo dxmensuonal plot showmg the clustenng of white blood cell groups
under a specmc set of analysis conditlons '

" FIG. 7 is a two dimensional plot showmg the sub-groupmg of ohe of the clusters cf e
35 FIG. 6'under a second set of analysis coriditions; and T
7



FIG 2 is a plot of the relationship between chanber thickness and the

di stance fromthe smallest through plane thickness region in the chanber to
~any other thr‘& S g%fne t hi ckness region in the chamber, W tppy i d
‘trace being r gesen ative of a 15 |linear chanber such as that sﬁown in
FIG 1 and the broken trace being representative of a non-linear varying

t hi.ckness chanber; FIG 3 is a schematic plan view of a portion of a

varyi ng thickness charrber fornmed in accordance with this invention and

| | ustrat-
consti  uent9t b 8 AR EREoBR 33 BaNiieRe Fie-<rBRg 2L Snf s 1 oders dus
t hi ckness riE@. Grl.mdenatthled setofiapalysis conditionse i ndi vidual ly visible in
different fields of viewin the chamber; FIG 4'i's a schematic plan view of

T Oht be sur é@@ﬂﬁgﬁﬁfégﬁ&fﬂbgﬁqﬁﬁﬁﬁﬁﬁé EMBRAMENTS O THE mVERTION

Vi eYV of 5a SReferringonow td thendrawingsj ElG. ﬁras abstheardicilustration bfademoemmmnd :
mrrrﬁ%rr%mww@w%

di mensi onal ¢ ers 3 Ayapings e mic es@nder a

Showi ng t haPWet @?%d“’%“c PRER ORI S pufpdsbsrdl TorplBiiARBE] P10t o

set of anal PIFQSCOPR Wo%ed&mernay alpginplydesa sectilinear shim 6; and an upper

PCT/ US996 0&35153 Rvkich or muétratme pdli lniﬁ}ﬁﬂrorlié)@mﬂél% anitldscopdsitiedtveny of

%E‘?‘A?[EE)he ‘iﬁ?r%ﬁmc&@%lé n er h| rd set of naI %Slﬁ cond qtqleggf“ ng
now t o t he disposetdberebletvedn ¢an beemmndrtbraughnbe transpm'em‘wall devscdf sdhi ch
i s denoted ganganablth di¥nd Wald Y FEd can b LRSI, Chhdwhll 8!HALShe e RRT ©

cont ai ni ng

15 an the upper surface of the shim S. The result of the convergent relationship
between the walls 4 and 8 is the formation of a chamber 14 that has a varying
- through piane thickness, the through plane thickness increasing from the edge 10 io
- the opposite edge 12 of the wall 8, as will be seen in FIG. 1.

20 FIG. 2is a graphic representation showing how the thickness of the chamber 14 can
vary from the thinnest edge 10 to the thickest edge 12. The solid line PL shows a
thickness-distance relationship c're'ated"by a chamber configuration which is linear;
and the broken line PNL shows a thlckness-dlstance relatronshlp created by a
chamber conﬁguratlon which is non- -linear.

25 .

- FIG. 8 is a schematic representation.of a plan view of the device 2 which
incorporates the chamber 14, and of the manner in which any differently sized
formed constituents present in the blood sample being examined will quiescently

* distribute in the chamber 14 when the fatter is filled with the sample. The numeral ©

30 10 indicates a lesser thickness region of the charnber 14, and the numeral 12
indicates a greeter thickness region of the chamber 14. In the representation of the
device 2 shown in FIG. 3, there are three different thickness regions, A, Band Cin

which rests on, or very near, the wall 4, and an opposite edge 12 which isdisposed == .

the portion of the chamber 14 depicted. Region A'is a lesser thicknéssrégion inthe” ~ ~
chamber 14; region B is a medium thickness region in the ﬁ"}dfﬁﬁ_’"e"i_’"_l’#i“éhd region =
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chanber 14 that has a varying through plane thickness. The device 2

I ncl udes -a | ower support wall 4, which for illustrative purposes may for
exanpl e, be awwisomsmsope slide. The device nay al so incl ude RCVES#NITNear
shim 6; and an upper 10 wall 8, which for illustrative purposes may, for

exanple, be a mcroscope slide cover slip. At |least one of the walls 4 and
8 nust be transparent so that the sanple disposed. therebetween, c%r]] be

‘exani red t He duHie largest thigkoess eadion, i the shgmber 14 QRylQussy, thig PaBicUIA" of . t he

wal-l s 4 andnfimb@rofidifféreantivkness regions isaised thdrely to listrdzea phmahy faturesit s
on, or ver

t | i te_ed Lch. i ' d 15

an’ the uppehegrlensl it 12t Bie MeRBBR s FeF imfipal g myBpfr ik
r el at i onshithelnhamiben 18has netedsabbvancarginciudelan essentialiinfioite aumbantker 14
that hasg PG ; i . - ' hi _
ner asing ¢f?%#"?ﬁ*é%&%9%%%“&%%%%@?2*%@%@%@% BL ARG 1488 |
be seen in shown intheFIGFE.CThese felds gt Wipwi G 3 st 2 eendenicted asieiigiessorrRElOt he
t hi ck : o G8ea -
i Ceat e o B o e R0 e i
creat ed by Wediistialion depicted indt &oﬁ- thei Rleod samplechas filled dhe geambek it apdne PNL
\sAgow?] a thiﬁé_felnaém_ dhiebgémorrazllaa,s'taﬁe\hisﬁc@nfs_atmdhbmmneéwfgm Acgnﬁfegrratipn

ich is non-line S emat g c: resent.ation of a nlan view
of the dvi SABel4.ar& alnd Tafede Aaiioed Bhis SAE S5 5B oF s Inefaliyef ,
whi ch any 081.f Arfewtpigtelets 8@ nfayraisaibe found indbe ragion As deticulocytesarid nart sanpl e
bei . L p , ; . _ |
atter 1ot Pnedferired BIdBRRl coinf i b Hororned i tng pEABITA, drintiefanbaf 1.
t hi ckness ragdescrigedihareirpBiaber 14, and the numeral 12 indicates a greater
t hi ckness region of the chanber 14. In the representation of the device 2

the. por LPone ioketdidt of Goleh e nereis Sifgiont Roh{RF 3o FELIBES cofs ol © 17
region in tialespraratheragaregates 38 which are sumenndeddnhlasmadagunae that #fe. -
chanber . 14; qraadf tHaie@bidod cells due.to the rouleaux formation. Infield of view 3 there is
o sufficient chamber volume to allow the enumeration and classification of the white -
blood cells 34 and also of nucleated red blood cells. The white biood cells 34 can
20 thus be assayed in this region for surface recéptor sites; can be typed; can be
| volumetricaﬂy'measured; can be morphologically studied; and additional bits of
- information about the white biood cells 34 can be derived from the blood sample in -
the upper part of the region B. As the chamber thickness increases to that shown in
region C, the red blood cell agglomerates 33 form a confluent layer, and the ability
25  to locate white blood cells is reduced, aithough this region may be utilized for very =
low white cell counts. | | | |

FIG. 4 is a plan view of a fragment of the chamber 14, wherein the numeral 12
indicates a thicker end of the chamber 14 and the numeral 10 indicates a thinner

30 and of the chamber 14. A chamber 14 h_avihg a varying thickness which varies from -
about zero microns at its thinnest portion 1 0, 1o about two hundred microns at its
thickest portion 12, will allow a.one hundred fold dynamic range of biood sample
_particu!ate counts-per-unit-volume ‘of sample. There are four schematic fields of

~view 7', 7, 9-and 11 shown inFIG. 4. qumed consti.tuehts 32 are depicted in-.eaqh"cf . R

——--—-35 - the fields of view 7', 9 and 11, -and none is shown in the field of view 7. Lacunae'_3_5 e
. 9



WO 99/ 45384 o PCT/ US99/ 03775 C i s
the targest thickness region in the chanber 14. CObviously, this particular
nunber of diffg gsp %}hl ckness regions is used nerely to ill uptfaédnsgrrs
primary feature O ? e preferred chamber 14 of this invention, and is not
limting of the invention, since the chanber 14, as noted above can

I ncl ude an essentially |nf|n|te nurnber of dlfferent t hi ckness regi ons. .
There-are alaseatsbrmmw frefiaids of Viewds, and Bebutinot th field 13. shown inthe FIG
3. ‘These fields of view 1, 3 and 5 are depicted as.circles so as to
il lustrate t

i croscope. FI% §ﬁ§agf:§%f§v*'%¥lv?§%‘%§%|nﬂ %‘533\??% é?clg%‘“gﬂﬁy‘%@tepéﬁ;reaﬁag -
I Ih Iel teﬁi tn hgstmmmhésemdiwwclbwdemdagemw by tité nuimerdl 54, énd\/canmgfigodl n .
cells, t héﬁsegqég%}ég O(SP %"#95 tlﬁ%iﬁ%@%aﬁ"% aé‘(/!}g%%a%’ g"{ﬁgq’g{g‘%ﬂﬁy al so
be found in ﬁgmoaeghuman intRetentioh cenjoremetrically ranalyzel wanelehgtisiobealon cel |
counts can. t&'ﬁ&&ﬁ&f:&ﬁ%.ﬁ&&?@nﬁ@eém@pésqfet.&mgcﬁgﬁaha ubféatdrel GAL P

herei nafter art icient room

for the red higashepraple; therepy Hﬁﬂ@ﬁ@ﬂla@é@!ﬁﬁ'ﬁ"@mm&@ celipes ope figm ch are
surrounded Ripoers "l'ﬂehﬁétm?ﬁ&ttéégémey%ctf ué%s@heah@cfﬁe ah@%re ot transmmﬁep

th I f f t h

Vol une. t §5 a1 mBGes RLOERis Mite Galls Hpes bicilorvss fet rupteatad TritelS B B8a cel | <
3;1 ang al so mﬁmmhﬂethmhgscﬁdmb?od’feﬁht@mé’ﬂﬂ%sdenmw 54 imptudesld sta@éseandZO

t hus be ass I c

can be vol une %‘ié‘g"'{d%g%hésgrbgﬁm é?{gﬁa% nt'%%%ﬂk?ﬁ ﬁy a?l%ﬁaeé #%Hf%%#ﬁ §

addi ti onal . tholder &tojhef mpved transveserly inthe Xvand & $as the ontenia obthe

derived fromgahiiie RblARF 2%@81Rc8nAeY.t he upper part of the region B. As the
chanber Flckness I ncreases to that shown in region C, the red blood cell

aggl onerates. .33 form.a_confluent |ayer, .and-the.ability 25 to |ocate white
bl ood cel | s Reversibleclertriamaiersfe aani be useql torselestively rotate drveiserews\B&in + ow

'm'eﬁ gl fi e{ Le("dr?lﬁb%ﬁe difétiond sbthat Ak 2BmpleHolabr & chh ¥ Fisvefsely RotdPmane X4,
_ : dn;? durectlons In this manner, the entire contents of the sample hoider 2 can be
“scanned. The automatic embodiment of the disclosed instrument assembly 54
20 includesa CCD camera 62, a beam splitter 64, and lens 66 set which can be
selectwely moved in the Z dlrectlon so as to focus upon the sample-containing
portions in the sample holder assembly 2. The CCD camera 62 may view and
record images of the sample through a. plurahty of different emission light wave
- filters 68, 70 and 72 which may be mounted ona selectlvely rotatable fiiter wheel
25 74 The lnstrument assembly 54 also includes a high mtensny excitation light
-source 75, such as a halogen light source, which directs an excitation light beam at
the sample holder 2 through the beam splitter 64 and the focusing lens set 66. A
series of excitatlon hght wave length filters 76, 78 and 80 may be mounted on a
" “selectively rotatable filter wheel 82.  The excitation light beam is deflected by the -
30" beam splitter 64 toward the focusing lens 66, and is focused on the sample. holder 2
by the lens. 6. Thus, the two _fil’t'el",Wheels 74'and 82 can allow one to selectiVeiy
control and vary the wave lengths of the excitation light source, as well as the
emitted light source. ‘A pre-programmed processor controlier 84 is operable to
“selectively control movement of the sample holder 2; the rotation of the filter wheels
7735 74 and B2; and operation of the CCD camera 2. The controller 84 thus enables
10




i ndi cates a thicker end of the chanber 14 and the nuneral 10 indicates a
thinner 30 and of the chanber 14. A chanber 14 having a varying thickness
- which vari es w®swaizaut zero mcrons at its thinnest porti onP@DUSBHOIABHOUL
two hundred mcrons at its thickest portion 12, will allow-a one hundred
fold dynam c range of bl ood sanple particul ate counts per-unit-vol ume of
sanple. There are four schematic fields of view 7 9 and 11 shown in
FIG 4. Forfy auiomaticiqrenationof tm@"%’&’m%@ésﬁfﬁblé‘é@ﬁ”@ﬂm@@"e peed pf el ds of
view 7, 9 aggnifidqantdiina®itervéntisgown in the field of view 7 Lacunae 35 9
WO 99f 45384 PCT/'US99/ 03775 ar e

al so depicted in fields of view 7" 7 and 9, but not in field 11. FIG 5 is
a schenat i cAgopteast akayeoas the eﬁanamtleetn@aeetrsthSdhmcbaw@bﬁMen useldl r unent

coan o B optgdbrisan e ehafiogeTlrmbadorance Bt SHISERIndtn e SAMPREWHRRY {©
si gni fi cant '“NGWEHR dPHY'Bg\ﬂgiﬁ' ?'@)‘f?? CEBnﬁrqgﬁal'?r@3?$9d§né?%’g’m?% bigigatse
col or eni ssiedblobd esiisinfthe chambehi 4, dt willl Seelfigidssof view isach as !, &% 9ad 11, as -

nucl eated r el | t he bl-ood sanple, thereby identifying and )
differenti a?‘li‘ll'gl‘ lnl@geﬂbel | types one from another. The instrument assenbly

54 is deS|gned to create and store or transnit the 10 i mages of different

whi te calgl Sy esgsﬁqlﬁg iR infeht AR DR taeélgllf%ﬂ%%ﬁungﬁahf‘nﬁﬁﬁepb L

sanpl e belng scann | nstrument -ass tage 5

i ncl udes cl ¢glis. Bavil ﬁﬁmp%ﬂﬁd'ﬁﬁ@nyah‘ﬁh@ el Gﬁﬁfezlﬂabmﬂ‘%lﬂf@sthﬁhe sarrpl e
hol der 2 tOréﬁul&V@%ﬁdWé@ eéd/celnaﬁél%e< TRe dlétélhﬁr%ﬂohcaﬁvm cbhsttgrestent s -

f the lLe..h I t t 59 . b
dted To- sl Seliblaly sepiiEant Abe ePuisi SRR RS <o ( hat

- the sanpl e predéterminexhciinically seceptableahgrgirookerronfor thie coumtitlg Yroedere.i Hns. | n-

this manlr%er wilf 5§ aﬁagebfa?encfﬁ'al i Aufbet p{ﬂl Weﬁenélhg oh vgh&%ngﬁtuents are

bemg counted.

White blood cells, nucleated red blood cells. and reticulocyte cells that contain’
ribosomal remnants of nuclear material, which cells are present in the sample and
20 which are supravitally stained with a colorant, such as basic orange 21, may be
 identified by virtue of the cells’ characterlstlc fluorescence at 530 nm, 585 nm and
660 nm when excited by light in the 485 nm range, and by their fluorescence at 610
nm when excited by light of 560 nm. The quiescent white cells can be separated by
the instrument 54 into dlfferentiat'ed;grou'ps consisting of lymphocytes, monocytes,
25 granulocytes, eosinophils and basophils in said chamber. Other dyes such as
acridine orange may be used with sirnilar_Wavelengths to perform a similar analysis.

The preferred method for classifying or dlfferentlatlng the various blood celisis as
follows. Multiple fields containing whlte blood cells and which' may also contam -
30 - large nucleated red blood cells, are lllummated with an excltatlon wavelength of 485
nm, and the white blood celis and any nucleated red blood cells are iocated. The
" location algorithm relies on the fact that the white blood cells and some large
~ nucleated red blood cells are the only large objects in any fleld which ﬂuoresce o
" The requnred number of white blood cells are located; and five’ emrss«:n values are _




scanned. The automatic enbodi nent of the disclosed instrunment assenbly 54
20 includes a CCD canera 62, a beamsplitter 64, and | ens 66 set which can
be sel ectivel yugByfdsd N-the Z direction so as to.focus upon p@fusensr7s
sanple- cont ai ni ng portions in the sanple holder assenbly 2. The CCD canera
62 may view and record images of the sanple through a plurality of
different emission light wave filters 68, 70 and 72 which may be nounted on
a sel ecti velrgcordedtveereint i L4, bp antl &l are shetotal Bmissios frommeach calisad BI04 al so

| oht < cour o208t BhEBEbnfy ESSpRblelr i e 38 dosBHS e BB e,

t hr ough -t he suraning the intansites oithe pixelsffromn thegell imagespALH s tha averdgespixs!

CuFeor: very by eh BB 'sip bbled St f s Hiv s Ring uylegl e

]Eief 1 ecéI esl byntehsitydd ?aéwedzméachtoﬂl a6$10@mwggh e éapissexanedl AR light atcBed | Is
focused on S r eel s
74 and 82 ci’ aﬂ%ﬁ% r{gﬂ{ g?@l%éﬁ% é%ﬁ/s g%ﬁf'?'&ﬁd}ﬂgﬁ% st'érémgbééﬁeﬁrlﬁe% 18 -of -~
the excitat IeRBltéd ahsssamr qmuts.ﬁmgdahd uiéd tdmﬁerrawts?tect?é ceinltyp@temcmdesAo -
re-progra Lo i s er e.t.o egt i contro
ﬁoveﬁen? o%ﬂﬁ@%ﬁ%?’é&% die]? L3, a?h’(? ﬁ?trg?l%ghﬁﬂ'a%’lc[ ﬂ%taf(?ﬁ M@@ 5 74 and-:

82; .and operation of the CCD camera 62. The controller 84 thus enables 10
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~ signi Ll can';] shacewhere dhe ¥revdsis thevmatioaf dd /lzh and thenX axtsds tharatiog/lizn dsingrent
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et or oo R HrEel! Obalah odbed HRFINARS b WAERE Bt )

di f fer ent i alrepresents the nautrophils| andoeasindphils,ralusterd b rgpreserds thenmoneeytesl red

bl ood cells SdHB m%lﬂﬁhé‘@?é@%d%stéﬂé"fép}es%ﬁfs fheBLophils. V'flfélges#ﬁtfhé‘ﬁ/pés of 79

and 11, as - e
15 cellular separations based upon photometric data alone. To get a more finite’
separation, the addition of morphometric data will further subdivide the clusters so

as to allow the identification of more cell types.

FIG. 7 shows the cluster 40 which is now subjected to a further two-dimensional

- 20 cluster analysis, where the X axisis the rati;i of AL1'IAL5, and the Y axis is the ratio
L4/Ls. This cluster analysis now aliows the division of the originai cluster 40 into two
sepérate clusters representing the eosinophils 43 and the n’eutfpphi!s 4.

 If cluster 41 is subjected to additional cluster analysis as shown in FIG. 8, where the
25 X axis is Asgo and the Y axis is the ratio L1/Lg, cluster 41 may be separated intoits . . o
two components, the monocytes 46 and the lymphocytes 45. Thus, the steps
described above are capable.of subdividing a white blood ceil population into at
least five sub-groups. The different types of white cells identified and enumerated -
- are typically recorded as percentages of the total number of white cells scanned
30 during the procedure

The presence of the reticulocytes' wnhln the red blood cell popuia’ucn is determined

by measuring the total intensity of the 585 nm and 660 nm ﬂuorescence from each

12



10 . When t'he scanning instrument has surveyed a clinically significant
nunber of useful cells, it will conplete the differential white cell
-differential ewozkmssss, and the reticul ocyte and nucl eat ed r eRCTNEHI/O3775

anal ysis. The determ nation of what constitutes a statistically significant
nunber of counted constituents will depend upon a predeterm ned clinically
acceptable margin of error for the countln procedure It 15- will be.

- appr eci at edredriiieod pelk WhanSxeitag &t 4801, aBdh lis whigh-havera bighenites ar e
bei ng - count fisbre¥¥drice thawdfbsedf hamau@uwdwcéi%ohrblmﬂéd ) b@nd

reticulocyte, ce ucl e mat efl al
which celisf %PFH'I ﬁf‘gﬁe%ﬁm?ﬂ&t ﬂ’é’SEarﬁa%}"E‘ée"’fd”n@ﬁl gﬁog@esn( ?ﬁqn\fesag ai ned
with a col 0530hm anectonsiiebedtochenacigated Irednigocheelisdent i f ied by virtue of _
the cells' characteristic fluorescence at 530 nm 585 nm and 660 nm when

excited 5oy light in the 485 nmrange, and by their fluorescence at 610 nm
-when .exci t eﬁheyboveg pxamples dave usedisupavitakeains Whlﬂ! givesin indicatiomef hepar at ed
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some | arge mgmm ischat adversely afiestadbyine prasenag of rearbgpdoczgllédm Qemﬁ Ohny
field whi ChwEWﬁrtﬁé smodTémmmewmrﬁ&éngacmném ahg gﬁﬁéi@ébé?ﬁétl requifé ©

| ocat ed, and f jve enm ssi on val ues ar

PCT/ USog¥50 39igBificant Fample PrFRaration. SEF'é ﬁﬁ]d""t!?'é? 1 Qféz‘m*‘itp% sppargiign ofyaionsy

en ssion freel fypes. Marphanetionformation such as size, granularity, nucleated material -
_contents, surface receptors, and the like can be detected by the techmque of this
invention.

20. Since many changes and variations of the disclosed embodiments of the invention
may be made without departing from the inventive concept, it is not lntended to limit

the invention otherwise than as requnred by the appended claims.

What is claimed is:. -
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580 nm and 660 nm respectively, em ssions are neasured
by summng the intensities of the “ I mges; Al[err] is
t he. aver age p‘gég&,‘gsg“t ensity of eacmllglmm“ﬁim m“ﬁ/nen exCipbRrlsaloz85 nm
AL[err] is th verage pi xel y meassred for each cell at 610 nm
when the cell is excited W|th light at 560 nm and Alerr] is the ar ea’ of
the cell as determ ned by the em ssion at. 580 nm when excited at 488 nm
Thus,~the data used to differentiate the cell types includeés photonetrlc
data (L[err], L[err], L[err]) as well %z%ﬁg phonetric data (AL[err],

S

- Alferr], Aerr]). 10 FIG 6 shows the i mged by the i nstrunent 54 as
di spl ayed i n two-di menS|onaI space, where the Y axis is the ratio of

Llerr]/L[ erLPA n?t-ﬂﬂo& RSt s gdédlﬁQFerﬁtawvﬁitéBI%&Ueh e8hAtlin \ﬁnlésénﬁﬂe &f ust er

anal ysi.s, S..ar. ree popul at |on ere l'uster 40

represents Etﬂil§°a@!lﬂﬁ96pmhqg biged waish ietritaineddn assampling qh@ﬂ’t’ﬂ% s Seide
nmonocyt gs qﬁgtﬂofaraamy:lS Mﬁtﬁlﬁctleﬁﬁéhﬁ -ust;ar 42 Leprgsents t he bastephl IZ tThese
t'he .t S cel.lul ar. s a| se on netric,data
ergne - yp tthgsfﬁﬁ‘r%f RrPYiFing 5{lt' a'tlﬁ@&ﬂ?ﬁw)%ﬁsﬁ%)ﬁ@?ﬁ%ﬁ@?rl c data
will fulrlt he!ntteuhgklltzlatedalvhdne ‘bidogsinesaid’ sampﬂsng charhberysaidecclarent bémg?t i on of
nore ce 0 a
further- tmg‘%(?%gﬁsﬁl’ ?Weﬁ?e@%ﬂ%f%nggﬁﬂﬁ%ﬁ gﬁ@e%@p&lﬁx@@%ﬁi%ﬁﬁsﬁ é r at i 0
. of AL[err]/bIﬂ{)é:rr] and the Y axis is the rati'o L[err]/L[err]. This cluster
I I
anal ysi §9noy 1k 'sto ftéteuﬁhg\[fmglaaﬁhﬁhré 'E}edté’ﬁehﬂ? %Qggg ﬁ%th%a%et abestmom "

separate clusters representl the neutrophils

e eosl no
I f cluster 9 hleodecel| aggregates %@W?'F%ﬁ&?agﬂﬁq E‘f‘wéfheﬂu}%ﬁ"?nh@"é'ﬁﬁ\%oﬂﬁ oF| G
-8, where t hﬁoi&mdmcm whits bifodr ¢dlisam pticet working Jieldscinrthé samplegr r]/ Ll err],

cL st o A e Yo SRR P ol V22 ik of 8 AR Ginna™

.s__.u_.b.d_i.._t\_/__i;dt_n_gnaMchamheruMec shitable fighting conditians that w:tiacwse difterentiwhjteoups.

The di'f 8" Shibod w,e t&n&@b{lag ﬁ@g@{é&&g\%ﬁ at ed are typically
ot al ite

.recorde as per cen t he Is scanned 30

during the $ribestan e'g phntensmgl&he@dlet morpharaetyicall yaepeéatm differant white g
bl ood cel |- 664 cat swmﬁuldmﬁtmm&dacmsumgut hg, 4nta, 45148 dytoof the

585 nm and glgerenﬂ]atfe tHe su Pp%rﬁ%Fatlons n} wﬁ‘te bk)od cells which are detected in said
L .- 'scanning step,
.20 : e) the step of enumerating and categonzmg the white blood cellsin each sub-
population cluster; and : '
f) the step of deriving a differential count of each of the dtﬁerent sub-popuiations of
- white blood cells in each cluster produced by said separating step. -

..25 2. The method of Claim 1 wherein said chamber is provided with a varying through-
~ plane, or Z axis, thickness which varies from a minimum of about zero to about ten
microns to a maximum of about twenty to about fifty microns In the area of said

) "'_'___:_'____'chamber in whlch said scannmg steps are performecl

30 3. The method of Claim 1 wherein said white cells are separated into distinct
quiescent clusters which clusters include lymphocytes monocytes, granulocytes,
- eosinophils and basophils. -~ =
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. the gener al4cAdnetped forge

WD 99/ 45384 '_ PCT/ US99/ 03775 red
bl ood cell when excited at 485 nmrll!mmlumtu’!iuiﬂlvw ch have a hi gher
‘total fluoreswanmeisisaan t hose of I ] ell s are BET/USINHEE t o
be reticulocytes. Simlarly, those red blood cells which show a strong

fluorescence-at 530 nmare considered to be nucleated red blood cells. 5
The above exarrpl es have u edlsuF)raw tal . stai ns whi ch@gi ve an indication of

diferenfial nycipates bigpd elkrayrd in 8 saawleGleci 1

fellm togl c b'tatgicﬁ meleatwmlemdawmhﬁs b@ﬁtdaﬁ't‘ed infd sémping fmd’tﬁ?@dt ?ih\tawnb
uorescen €S QI € uar ce I CUl at es

- These can 'tgo‘%f‘tﬁq?'r@ %QB% ‘5 qﬁ %hﬁ Fﬁ 6%64% nucl eat ed

cells baseca)dhestep‘etc;:rowdmlgmﬂedmmmelméet leastlomgﬂmresq:mt cBlorant angl of Ithese

are narkKer H ener a

popul at F.’on Q%%te% ‘{’H&H bﬁ%’ iﬁ%ﬁ?ﬁni%ﬁ?ﬁﬁ %&i %6'8'[Qnttlg ' dversely

. af f ect ed byopes Igrte entigily highlighbditferasmt nucleated bloe@ cell typesu3#hintthe bl ood

sanpl e whi GhhélkDlesd:ng--scanned,.. ~and thus does not require 15 significant
sanpl e preparatlon 'such as. di I utions or graw metric separatlon of various

cell types.P )NBe shephefonticaliy pesTarming,d muliifieldsX-Y-Z scap phiha disparyed nuc eat ed
mat eri al Ccﬁﬂrﬁt&hﬁe irs Baitiabantbee aptier suitabisllightin |ddﬂﬂsti'eﬁ§ thet Wi cagsediffeyerithe

I 945 bk B e 38 p SrBFBl TRSICR B s . (e
~ t he i nvent iac)jehe stapeqftphctometsicaliy andioemdqnhamethcaﬂytseﬂaeaﬂm@deast onet her wi se .
than as r e%&@&e@ht&ﬁ%@%ﬁ%ﬁ!ﬁbﬂh% a Ht@ﬁﬁct cRustdruBEs, 42, 48344, 45, 46)
so as to differentiate that sub-population of nucleated blood cells from other
nucleated cells which are detected in said scanning step;
15 d) the step of enumerating and categorizing the nucleated blood cells in said
- nucleated blood cell sub-populatlon cluster; and :
“e) the step of producmg a cell count of each of the sub-populatxon of nucleated
“blood cells in said cluster produced by said separating step.

20 5, A method for performing a retieulocyte count in a substantially undiluted
quiescent sarhple of anticoagulated whole blood which is admixed with one or more
fluorescent colorants that are operable to differentially highlight remnants of
nucleated material in the reticulocytes in the blood sample- said biood sample and
colorants being contained in a viewing chamber (14) having varying thickness

25 "_'reglons therein, sald method being characterized by:
a) the step of scanning the blood sample with an optical instrument (54) having a -
field of view;. - L : : -
b) the step of Iocatmg fields of view. (7' 7,9, 11) in said quiescent blood sample
- which ﬂetds of view contain individual red cells’ or monolayers of red cells;

a0 'c) the step of xllummatmg said Iocated fields of view-in the quiescent biood sample
with selected wavelengths of light so as to dlfferentaauy highlight any remnants of
nucleated material in red cells in said located fieids of view; and

- d) the step of enumerating any dnfferentnaﬂy hlghllghted red cells in sald flelds of
v:ew




WO 99/ 45384 - PCT/ US99/ 03775
Clainms 1. A method for performn WNHL\HIEMlm“WﬂI te blood cell count in
ra sanpl e of appbgpagul ated whol e ontai ned i BCRUSHEITsNY
chanber (14), said 5 met hod bei hg thar act er’i zed by: a) the step of

provi ding an adm xture of at |east one fluorescent colorant and

anti coagul at ed whol e bl ood in said sanpling chamber, said colorant being
operable to differentially highlight different white bl ood cell types (34)

It Rr 2 hehwf;gbe Aomaﬁbedr fbg gBHoﬁﬁﬁg%ttcﬁﬂerr@ggﬁMrﬁté uﬂeoa Bell e@lmwgtﬁ §ul§éiaﬁiia$l egﬁear .
et o upplified Gllastent Sadle of aftcaaquied Wbl bina WIS Semixed
cells in ophemlmaverfkbrescéned:mants mbEavseamérabledb differestiztip hidhlight i cal | y '

A Ly R v

.15 bl obd @eficolgrants heindheontainedireatviewing chagibler () deaving ‘aryingdbicinesst ; d)

t he step o | I ||y separ at i-ng-di-f-fer-ent—
white bl oogeéaﬁ%m i, gﬁh '%?tﬁgﬁég{n Qggtl nc E@I usters (40, 41, 42, 43,

44, 45, 46p) e seph Sﬁ?ﬂﬁ"&&ﬂb‘ﬁ%%ﬁ@@ﬂﬂl Eﬁ@@l’@ﬂlulféﬁtﬁlmﬂmﬁﬂ RAMAGBd cel | s
V\/m ch are ﬁg[de@tm”(-p 23, d44pcanni ng step; 20 e) the step of enunerati ng

77, e SToB) 816 S st av Resuice ey e sORRS AR sl Y

-sub- poplo amrti:rrsﬂeiﬂsmvm dontain individsaliwhiteslslbod lcelis and aggtbgatei? dfreddiobd
separat i ngcé{!] §325 2. The nethod of O aim.1 wherein said chanber is -
provi ded wi |ng t hrough- plane, or Z axis, thickness which varies

froma ni nchthe $ep ghdluminating said fieldsiof view initoe qulescméplm:samnbomabout
twenty to %B@aed‘ wéweﬁgtﬁé Bf‘ﬁgHt 5ot 80 ﬁeﬁiﬁa:men:@ﬁgshy rnu&-l'%ai’@?f mbtetial d

wherein said

scanni ng.ste erfor.ned
 white cell & @ﬁ@ quﬁ%ﬁ"w ﬁﬁlﬁdoreﬁtgqi igids of view; and B
15 d) the step of categorizing and enumerating all d|fferen'aal!y hlghhghted whlte blood

cells in said located and scanned fields of view so as to obtain differential white =
“-blood cell counts, said categorizin_g step being based on differences in light
*.emissions emanating from said differentially highlighted white blood cells.

20 7. The method of Claim 6 wherein said colorant is operable to differentiate types of -
white cells one from another by reason of different signal characteristics emanating
from various types of white cells, whereby a dlfferentsal white cell count can be
derived from said blood sampie '

25 8. The method of Claim 6 wherein said categorizing step involves the use of both -
photometric and morphometric cell mformataon obtained from said differences in-
light emissions. : : -

9. A method for performing a differential white eell count in & substantially undiluted
. 30 quiescent sample of anticoagulated whole blood which is admixed with one or more

fluorescent colorants that are operable to differentially hzghhght intracellutar dve-

binding material in the white cells (34) in the blood sample, said blood sample and

 colorants being contained in a viewing chamber (14) having varying through plane -~ -~
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qui escent clusters which clusters inclrude rynmphocytes, nonocytes,

granul ocytes, eosinophils and b mn” 99/ 45384
- PCT/ US99/ 0377 5wealesss3saet hod - f or per mummlmmnt i"al nucPCEU8Y0BI760d
cell count in a sanple of anticoagul at®ed "whdl esbl 8od which is contained in

‘a sanpling chanber (14) haV|ng a varyi ng through pl ane thickness, said
met hod bein characterlzed by: a) the step of providing an adni xture of at

| east ~one f é?ﬂ'oﬁ%mﬁf@!ﬁt sqid gnethod hejnaehaiaetedeed P51 e bl ood in said

-sanpling-c hamisrstep f mcaﬂh@uséme eidabf Vi &) iR staxa @uuééo%hearobaléamme Whidhg ht
di fferent nucleate

of opti cal | corjaln %‘ﬂﬁ?bﬁoogfﬁ?&hﬂ“"ﬁ%@ﬁeWZ"Q amg 8}2’88 E’M@%ﬁsis gr e

in said cha rammmsaggregﬂtesbﬁ@kitblm:lceﬂﬂaebons t hat wi II cause

i D M Al R O R B

at | east onwanelehgii @dlgim m wikk diffesentialiy highlightintraceliular dj«esbmdmg roaigsiakr :
(40, 41, 42 4%, ) ‘@e £5n deh £
(I’IUC| eat'ed bFo nceIP ol?né%)cg E&! nudc eatéeljcf% 'mmdnavﬂ Wﬁﬁ%P@BQet egkaegmlt(r)lnsgi d

scanni ng st#@ht;15 d) the step of enunerating and categorizing the

~nucl eated bppge ste;b bsmessamgiemmédqmﬁom 841d ilfiphihated whiebibad tolls inltwet er ;

and e) the ste a.cell .count .of each of the sub-population of
nucl eat et bPb gfff)egedtrw g&hsu@pgr produced by said separating step. 20 -

5. A net hodd] tive step fob analyging saie differlent wavelengtins df enitted ligtit dm aimanner

undi | ut ed thfc‘i‘nCﬁ@tdlf?é‘}gmﬁ ﬂp%mér@ﬁﬁ%l@ gg%%&hgeeéraé& R V\/m ch is adm xed

‘with one or "nofe 1l UOTr€scen o differentially
highlight remants of nucleated material in the reticul ocytes in the bl ood

sanpl e, sai ¢1bhpRon&MEa!d? G 10 wherein said differentiating step is performed by using

- 15 photometric information and/or morphometric information derived from said emitted -

light, and further including the step of counting such differentiated types of whlte
blood cells.

, 12. A method for identifying at least one sub-population of target cells containing
20 nucleated material or containing intracellular remnants of nucleated material, which
target cells are contained in a substantlaﬁy undlluted quiescent sample of

- anticoagulated whole blood that is admixed with a fluorescent colorant, and which is
dispersed in a viewing chamber (14) that includes a region (A) that contains
. individually separated cells, said region havihg a through plane thickness that isin
25 the range of about zero microns to about forty microns, said method bemg e
charactenzed by: :
a) the step of optlically scanning selected fselds of view (1 3) in said region wh:ch
fields contain individual red blood cells (32), and/or monolayers (31) of red blood
 cells, and/or red blood celi aggregates (33); | - -
30 b) the step of illuminating said selected fields of vnew wnth a lzght source of one or :
more preselected wavelengths operable to cause said fluorescent colorant to
~ produce nucleated material or remnant nucléated material fluorescent emissions of
a plurahty of known wavelengths, which emlssmns are characteristic.of sub- -
: populat:ons of ceiis and :
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col orants being contained in aview ng chanber (14) having varying .

t hi ckness 25 regions therein, Sal”““ lmﬂmm"m“rar acterized by: a) the

..step.of. scanni B84 bl 00d sarrpl e nstrunentpélﬁj@”,hggyg ng a

field of view E; the step of locating ftellis bf view (7", 7,9, 11) in

sai d qui escent blood sanple which fields of view contain individual red

cells or nonolayers of red cells; 30 c¢) the step of illumnating said

- locat ed fi ed)dbe sfepwfanalyzingrsaid einissionstatisaibplusaitpoiknowrhwaediéngths so as -
wavel engt:h ht any remants of -

| 9 Sto‘?éerltugﬁfﬁ% st enga%uia[ﬁpﬂé bf G & rféocagé‘gﬂ?éwg y

nucl eat ed mater | S Insaid relds of view and d) the.
step of -enunerating any~differentially hi ghlighted red cells in sald fields-

of . view 153 THEOnR¥McbsBBlaim 12 wherem the wewmg chamber includes additional

'--PGT-/ USQQ/—93775 t | t bl d |1
count off a (AREBLR MR ayRcH IhGedEh ane SeHIEss SR Rcaretel Mastakud faI whol e |

bl ood whi chmicsorgdm xed wi th.one or nore fluorescent colorants that are .
-operable t.o differentially highlight nucleated material in the whi te cell s
(34).in the blood sanple, said blood sanple 5 and col orants belng

. cont ai ned i H.aThe methay ofGlaie 12 whereindhé oglorantyis aguptaviteistain. r egi ons

therein, said nmethod being characterized by: a) the step of .scanning the
bl ood sarrpl e wWth an OCP'[ICGJ i nstrunent (54) having a field of view (7

- 9,-11); 18) theTke Bipthnd plielaim g wheareindhe sukpopulatien obnugieated gellds agub-

qui escent  igpdatonratwhittbload 6lls | ds. of view contain individual white-
bl ood cells and aggregates of red blood cells (33); c) the step of
iIfTumnating said fields of viewin the quiescent blood sanple with

-sel ect ed welg| Engtriethad of Clgin 12awheseindhe |Sl1qumtat|ahloy nhcighatedgidils éy sub-

nucl eat ed 'W&p“r‘ﬁétﬁ'n of red blood calls (32).

17 The method of Clalm 12 wherein the colorant is part of a binding particle that is
. directed against an epitope on the sub-populatlon of nucleated cells.

18. The method of Claim 12 wherein said emissions are characterized by
- 20. photometric and/or morphometric characteristics which can be used to identify the-
sub-population in question. .

19. A method for identifying at least one sub-population of nucleated blood celis
_ which are contained in a substantially undiluted quiescent sample of anticoagulated
25 whole blood that is admixed with a ﬂuorescent colorant and is dispersed in a
viewing chamber (14) that includes a region (B) that contains aggregates (38) of red
blood cells, and individually separated nucleated cells (34), said region havinga -
- through plane 'thickness which is no greater than about fitty microns, said method. -
~ being characterlzed byy: . | =
.30 a) the step of scanning selected fields of view in said region with an optlcal
- stanning instrument (54); ' '
b) the step of illuminating said selected fields of view with a light source of a
~_preselected wavelength that is operable to-cause said fluorescent colorant to -
. produce fluorescent emissions at a piurality of known waveiengths which emissions |
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in white blood cells in said |lo - and 15 d) the step of

categorizing and enunerating alll hI I ghted white bl ood
cel I s i-n sai dyigywaskd and scanned mnﬂmglmlm\“ as to olbscus99/03775
differential white blood cell counts, csaitd 6a €gof 1 zing step being based on
‘differences in light em ssions emanating fromsaid differentially

hi ghl i ghted white blood cells. 20 7. The method of Caim®6 wherein said

col orant i sarepl;aeantenstlc afistbgopiationsof pucieateti oslisitandcel | s one from anot her

b eason es .
o?‘/ \r/\/m tse ce)l S, vﬁ?er(regg Y % %*‘grag‘?\%% ét%a‘lc?ﬁl I H g%%’?l&vig%@é ﬂgrgllé\?eéc'lylprzm
said bl ood 183Nty apgs @‘p"m ‘H%?Wd?}’c@ﬁat@ &Pl‘ﬁ@ﬂ?llﬁé‘ﬁlﬂsrp W cat egori zi ng .

step involves the use of bot h photometrl ¢ and norphonetric cell information |
obt ai ned -fr, dif. @S- | 3t em SI Xs) hod, f or

per f or nPng 22)md’§ %P@‘HP% frtges"@’ew M?QQQ@?'MHH?I uted 30
qui es ;:fant sutnstantiafly endilutediquiestent sample oblhntlcbagulatéd whobalblosddvhich Is oRe or.
nmor e . f.l.uor t
ot Facel | uiee Wt frescf ot fcf it BisBeloef i Aliding e 81
sanpl e, sai(d4bthed incudes eregien () thateantaingiindividually-separated nucleated eglls -
chanber (1

PCT/ U899§ O§§%g%\éi1 nesas{é\}r%blém@ugﬂg?g? rr]tﬁlciclgles th&ﬂe@ﬁf %'%%%g tt(‘:la"l%r act'fteﬂrﬂlyz ed
by: a) the @F@F%ﬁa 3’% enasactedred byy vi ew (9) in . said qui escent

bl ood sanplg tbistdp @fcwannmgeselémﬁﬁeles Bf vigw! (8! B) inshid g with anbpticaidual.

white bl ood cells r epar ated from aggregates of red blood cells
(33); 5 b)scgﬂgngtiﬁ%ngger%‘(Sﬁ nating said usable fields of view wth at

| east one ph)dbeistemofriliuminatieg eaigtselented figjts of view witH & lightf Saresofal |y -

i ghl i ot | pbkasseh kgt e Ser sﬁa;cghsggaluafl@?&aemwbl&n%Ood cell's

and w | | use | m na
- 15 _produce fluorescent emissions at a plurality of known wavelengths, which emissions

are charactenstlc ofa sub-populatlon of nucleated cells; and : D
c) the step of analyzing said emissions at said plurality of known wavelengths soas -
to identify the sub-population of nhucleated cells in the fields of view. '

20 21. A method of identifying target sub-populations of nucleated celis (34) contained
ina substantially undiluted quiescent s'ample of anticoagulated whole blood which
is admixed with a fluorescent colorant, and which is dispersed in a viewing chamber
{14) that includes a region (A, B) that contains individual red blood cells (32), and/or
. monolayers (31) of red blgdd cells, and/or aggregates (33) of red blood cells, and
. .25 which region has a through plane thickness that is no greater than about fifty
- microns, said method comprising: : -
. a) the step of scanning selected fields of view (1 3, 5) in said reglon Wlth an optlcal
. scanning instrument (54); - -
_ b) the step of xllummatmg said selected flelds of view with a light source of one or
30 more preselected wavelengths that are operable to cause said fluorescent colorant
to produce fluorescent emissions at one or more known wavelengths, which
emissions are characteristic of said target sub-populations: of nucleated cells; and
___c) the step of analyzing said emissions .at said known wavelengths so as fo identify -
_and differentiate said target sub-populations of nucleated cells
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l'ight; c) t he step of ‘nmeasuring entted Ilght frontsald i1l um nated mhlte
‘bl ood cells in tw 10 or nore s; and d) the step of

‘anal yzi ng sai Jent mavelengt in a |l h
wi Il differ ent{yg?;{&?ypes of white H mgl“ each ot he E—P@%M{gﬁg
met hod of Cl aim 10 wherein said di 8 Ng strep is performed by using
15 photonetric information and/or norphonetric information. derived from .

said emitted light, and further inctuding the step of count i ng such’

Veatt -one <ok, popaanR of G 71, AR8e ad vicking arATE0E absrarievalin?

or- cont ai ni siaped arublabll.dbaraddelnnalrreglous (Q)ovhicht haventireugrapianeithickndsseget

cells are ﬁg@a é&ﬁﬁ ndi | uted qui escent sanple of -~
anti coagul at edQ|L Ie{et?)ltoo I’s !aclrméied wi th-a. fluorescent--col-orant.,  and - ---

which is dispersed in a view ng chanber (14). that includes a region (A)

| -LPZLeC?lﬁ 2L%Zs§”“é‘“ba‘”"‘*é"“ le"gﬁ'f"gﬁ‘@ dels b S‘ﬂt@élﬁﬁ&nﬁ%ﬂs’%@?ﬁ&ﬂtﬁ?“
“forty mcroid "’lﬂ’iﬁﬂgﬂ‘ [GORg alﬁ@a‘?’ﬁ%‘?&l“?%whl?? is gdmixed withg of _
-?pt : gal |y tsﬂxmresctmt soloeariteand whichds ulsprlersed ihla viwiri h‘amlsérr(lw) hat Wcluabs '
i el ds .con nono ers '
" red bl ood c%lr?%bﬂg@ {Pgréﬁgretéﬂg @%@agﬂﬁgdé’g‘b‘lﬂg@%ﬁ%g&( ggsliorgepnog%/ ééﬁ p of
i |l unminati n@dsblmld cells; and avhicheragiorohas/ a dhrough tplane mg:knesmthatsrrdgmaeror
nor e pr%el Shedb Wntgfée’ﬁfﬂl‘%"%%&meﬁﬁ@bﬁﬁgiﬁaﬁ% iZb! yr escent colorant to-

produce nuc eate renmant . nuc fl uorescent

eni ssions o® Hesten gl saapning seleaied fields ok Ngwnd, 3M$ﬂd@glmw¢h§nmcal
char acteri S§dahnﬁfg instPumBAE4Rt i ons of cells; and 17

b) the step of |llum|nat|ng said selected fields of view with a llght source of one or

. more preselected. wavelengths that are operable to cause sachfluorescent colorant S

15  to produce fluorescent emissions at one or more known wavelengths, which
_ “emissions are characteristic of remnanits of nucleated material contained in said
reticulocyte cells; and o
c) the step of analyzing said emissions at said known wavelengths so as to identify
- and differentiate said reticulocyte cells from other cells in said selected fields in the
20 .sample. ' ' |

- 24. A method for performlng a differential nucleated blood celi count in a sample of
. anticoagulated whole blood which is contained in a samplmg chamber (14), said
method being characterized by: e
25 a) the step of providing an admixture of at least one ﬂuorescent colorant and
antlcoagulated whole blood in sard samplmg chamber said coforant being -
‘operable to- dn‘ferentrally hlghlrght dltferent nucleated biood cell types (B3 in the
- whole blood; = .
~ b) the step of optlcally performrng a multl-fteld X-Y-Z scan of the dtspersed
30 admixture in said chamber under suitable lighting conditions that will cause drfferent '
white blood cell types {o be dlfferenttally hlghlrghted by said colorant;
* ¢) the step of photometncally and/or morphometncally separating at leastone .

nucleated blood celi sub-populatron into a distinct cluster (40 41, 42, 43, _44 45 46)

20



~view "13. The webhadsdof Cl aim 12 wh chanber PCHEISANSTTS
additional 5 regions (C which have a thr ough pl ane thickness which is
greater than about forty mcrons. 14 The met hod of Claim 12 wherein the

colorant is u Vi t ain The of CI | m 12 wherein the
“sub- popul at%ﬁso‘?dﬁ rgel%f!taéevlp pPE“'ﬁ“%’l‘lB "B‘ge a%‘ svl)fﬂ'? O ood cell s
(34). 16. - Thacleatet @il whidheane detectbe iresaidtiseanaing-stemul at i on of nucleated

12 wher oi n Ghie AR ALAbURERhg Pl R %ﬁlﬂl@%ﬁlﬂ@a&r@ﬁoﬁg g g 0L, o

agai nst an Bmleatpd biood bell sulbpppyatien clustesf amdicl eat ed- cells. 18. The net hod

of dair l"fh%@éﬁ‘oﬁﬁ?@lg@(ﬁ?fibﬁlf%tﬁ f&%aéc e dlétf‘di‘l Wik dat&?ﬂlo%‘?#lsc —

and/ or rpﬁorretrl C C I CS used to 1
sub- popul at inosaid glugtes rediiced by said separating skepi dent ifying at least one
sub- popul ation of nucl eat ed bl ood cells which are contained .in.a. R

substanti al | ndi | ut ui escent sanpl e of anti coagul a 25 vvho e b| ood
‘that is adm"-’é methed OE Eﬂ(f_ﬁrgg%ﬁtr Qavie coupdn ?et@'ﬁgaa@ lg@tdnqh Vi ewi ng

- chanber ( 14a4u"eboéntlsanlp|elot5amxo"oagulated Wholeliéod Which I8 adaTLsd with ohe(Gt o

e, 0ok e K AR R SRR il 22
fifty m cronscleatsddanateriabi the refigutdeytesdn dhe blavdsam(de, saig bidod sameple @nd

T hatrunent - PEqts bbRplonined B \But EhdrfBLO0 Al ey MR bERE 12" 0r 1 o
with a li ghFhQ!éﬁleﬁ'ée‘opya presel ect ed wavel ength that is operable to cause
sai d fluor eapmetstepbﬂé@éﬁmﬁgamerm&u:eaﬁlbwmaﬁebn@émﬁafme‘ntqsmwalmg ality

of knownlg\aﬁgl IhSU,Vl}:lIQC[hem ssi ons 1
' b) the step of locating fields of view in sald qu:escent blood sample which flelds of -
view (1, 3) contain individual red celis (32) or monolayers (31) of red cells;
c) the step of illuminating said located fields of view in the quiescent blood sample
with selected wavelengths of light so as to differentially highlight any remnants of
20 nucleated material in red cells in said located fields of view; and -
d) the step of enumeratmg any drfferenually hlghllghted red cells in said fields of
view.

c) the step of analyzing said em'555| I|ty of known
wavel engths so as to identify the si U |wrcells'in the fields of

26. A method of identifying target sub-populatlons of cells or other formed bodles
25 contained in a substantially undiluted quiescent sample of anticoagulated whole
blood which is admixed with a fluorescent colorant, and which is dispersed in a
viewing chamber (14) that mcludes a region (A) that contains mdtvrdual red blood
cells (32), and/or monolayers (31) of red blood cells, andlor aggregates (33) of red . _
blood cells, said method being characterized by R
30 a) the step of scanning selected fields of view in said reglon with an optlcal
scanning instrument (54);
- b) the step of illuminating said selected fields of view with a light source of one or
more preselected wavelengths that are operable to cause said fluorescent colorant
to produce fluorescent emissions at one or more known wavelengths which o
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characteristic of sub-populations of nucleated cells; and.c) the step of

~anal yzi ng sal dy&hdasdons at said plurality of kno%m_maveleng;@§ S80d35 L O
identify any sub-popul ati ons of nucleated cells in the fields of view. 5

20. A nethod of identifying sub-popul ations of nucleated cells contained in.

a substantially undiluted quiescent sanple of anticoagul ated whol e bl ood
whi ch ts ademissibnsiproduce phoiomstrierandmbrprometro thfoimation which spebpadbler a

vi ewi.ng ch that . J.ncl ude ' [ L ndiyj.dual |'y
separ at ed nociereAfete il oGS, e OF bl i Blnef R Fopid st
t hi-ckness t®dheistemef anabeing said gmissions sa as tojideotify andrdiffarentiate saidetarged
- being char agjpbgifstidhs offdells BAd I6Ptbd’bodiés BRI ShREmEs ?h&' ds of view (3,
5). in salduregafnmmmtghan optical scanning i1nstrunent (54); b) the step of
i 11 umi nat i ngosRtlometteally; ed fields of viewwith a |ight source of a
presel ected wavel ength that is operable to cause saild-fluorescent col orant
to 15 produce fluorescent enmssions at a plurality o wavel engt hs,
whi ch em ssions are characteristic of a sub-popul ati o("!mmm I ﬁ' U l1l's;
and c) the step of analyzing said em ssions at said p
wavel engths so as to identify the sub-popul ati on of nucleated cells in the
fields of view 20 21. A nmethod of identifying target sub-popul ations of
nucl eated cells (:34) contained in a substantially undiluted quiescent
sanpl e of anticoagul ated whol e bl ood which'i.s adm xed with a fluorescent
colorant, and which is dispersed in a view ng chanber (14) that includes a
region (A, B) that contains individual red blood cells (32), and/or
nonol ayers (31) of red blood cells, and/or aggregates (33) of red bl ood
cells, and 25 which region has a through plane thickness that is no greater
t han about fifty mcrons, said nethod conprising: a) the step of scanning
selected fields of view (1, 3, 5) in said region with. an optical scanning
i nstrunment (54); : :

22



b) the step of illumnating said selected fields of viewwth a |ight
source of one or 30 nore presel ected wavel engths that are operable to cause
~usai d-fluoresceWo %5384 ant to produce fluorescent enissions atP@IVISIHP37TOr e
known wavel engt hs, which enissions are characteristic of said target

sub- popul ati ons of nucl eated cells; and Z% the step of analyzing said

em ssions at said known wavel engt hs so_é to identify and differentiate
said target sub-popul ations of nucleated cells. 19 22. The met hod of
Claim 21 wherein said view ng chanber is substantially wedge- shaped and
includes additional regions (C) which have through plane thicknesses that
are greater than about forty mcrons. 5 23. A nethod of identifying
reticulocyte cells contained in a substantially undiluted qui escent sanple
of --anti-coagul-at ed whol e bl-eed- -whi-ch..is adm xed with a fluorescent col orant,
and which is dispersed in a ¥iew ng chanber (14) that includes a region (A
that contains indivigyal r2d|blood cells (32), and/or nonol ayers (31) of’
red.blood.cells, and\wi regi.on has a through plane thickness that is no
greater 10 than about \twgnty| m crons, said nethod being characterized by:
‘a) the step of scannin el efted fields of view (1, 3) in said region with
“an optical -scanning insgriymepE (®Q; b) the step of illunminating said

sel ected fields of view\w'tth{&Ilight source of one or nore preselected
wavel engt hs t hat ar @-epex ahl P& o rgGause sai d-fl uorescent-colorant 15 to
produce fl uorescent eni ssj onsat e or nore known wavel engt hs, which

em ssions are characterisii G of Rgmants of nygcleated material contained in
said reticul ocyte cells; c) the step of amalyzi @ said enissions at

sai d known wavel engths so to identify

reticulocyte cells fromoth cells in sg
sanpt e SSANMOIHL - |
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24. A nethod for perfornming a differential nucleated blood cell count in a \K
sanpl e of anticoagul ated whol e bl ood which is contained in a sanpling
_chanber. (14), wabghsssat hod bei ng characterized by: 25 a) the p&fPsdlossrs
provi di ng an admi xture of at |east one fluorescent col orant and

anti coagul ated whol e bl ood in said sanpling chanber, said col orant belng
operable to differentially highlight didA%r ent nucleated bl ood cell types
(34) im the whole blood; b) the step of optlcally performng a multi-field
X-Y-Z scan of the dlspersed 30 adm xture in said chanber under suitable
lighti'ng conditions that will cause different white blood cell types to be
differentially highlighted by sai & olorant; c) the step of photonetrically
and/ or norphonetrically separating ak | east one nucl eated bl ood cel
sub- popul ation into a distinct ¢rusrer'tﬁe"ﬂﬁ1- ~42-A43,44,.45,..46) 20 .. WD
99/ 45384 < ‘.:“ 5 US99/ 03775 so as to -
differentiate that sub popul ati &n A“‘:Jr e 9—\"5’&. ood cells from ot her
nucl eated cells which are detected" @t‘; g“, ",*;.Uﬁv Istiep;. d) the step of.
enuner ati ng and categorizi.ng the nugREs &ﬁ.g, T- ce“ls in said nucl eated

.a1of produci ng a cel

bl ood cel | sub-popul ation cluster; 9«‘:‘;“1&4?\65!@@
count of the sub-popul ati-on of hucl-x elld in said cluster

%ﬂegfﬂﬁﬂqaﬁy

~produced by said separating ste¢ 25 . TRl erformng a -

reticulocyte count in a substangially unarut @ qui gscent sanpl e of
anti coagul at ed whol e bl ood which is adnlxed with ong or nore 10 fl uorescent
colorants that are operable to @lffe ént i al | y3Bi ghlilght remants of '
nucl eated material in the retic Iocyt-‘q;ﬂ)“;; bl ood sanpl e, said bl ood
sanpl e and col orants being contalneo g chanber (14), said nethod
bei ng characteri-zed by: - _
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a) the step of scanning the bl ood sanple with an optical instrunment (54)
having a 15 field of view (7', 7, 9, 11); b) the step of |locating fields of
viewin'sai d qwios9asss4 bl ood sanple which fields of view (1, BI/GSNFIHH
individual red cells (32) or nonolayers (31) of red cells; c) the step of
~illumnating said | ocated fields of vieg n the qui escent blood sanple with
sel ected wavel engths of light so as to {¥Terent|ally hi ghl i ght any

remant s of- 20 nucl eated material in red cells in said | ocated fields of
view, and-d) the step of enuner ating any differentially highlighted red
cells’in said fields-of view 26. A nethod of identifying target

sub- popul ations of cells or ot her formed bodi és 25 contained in a
substantial ly undil uted qui escent sanple of anti coagul ated whol e - bl ood _
which is adm xed with a fluorescent colorant, and which.is dispersed.in.a
~viewi ng chanmber (14) that includes a region (A) that contains individual
red bl ood cells (32), nonol ayers (31) of red bl ood cells, and/or "
aggregates (33) of red blood celTs, sard net hod ng_characterized. hy: 30
a) the step of scaphing sel ected flelds of viewin sai region with an
optical scanning | : i

t hat are operabl
em ssions at on nown wavel engt hs, which 21 WO 99/ 45384 -
PCT/ US99/ 03775 pm ssi ons/produce photonetric and nmorphometyiq information
whi ch are opergble to dlff#Eentlate s@Rd target sub- ns of cells

and ot her for N SSions so as
to identify an - cells and
f ormed bodi es :
ﬁ-
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