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blood pathologies include various hematological malignancies, such as leukemias and

lymphomas, hemoglobinopathies, which encompass a number of anemias of genetic
origin, such as thalassemia, Cooley's Disease, and sickle-cell anemia (HbS disease), as
well as various clotting and bleeding disorders. Blood abnormality can also be a
secondary consequence associated with other conditions, such HIV/AIDS, malignant
tumors, and autoimmune disorders. Most of these conditions have significant morbidity
and mortality and commonly cause severe pain in the affected patient. Early diagnosis of
these disorders is critical so patients who have the disease can receive proper treatment
and disease management.

[0003] Blood is a specialized bodily fluid that delivers necessary substances, such as
nutrients and oxygen, to the body's cells and transports waste products away from those
same cells. The predominant cell in blood is the erythrocyte, i.e., red blood cell or red
cell. In a peripheral blood smear, erythrocytes derive their reddish color from protein
hemoglobin, and usually appear round or oval with a pale-staining center region. Their
biconcave morphology increases the cell's surface area and facilitates diffusion of oxygen
and carbon dioxide from the cell. A typical erythrocyte has a lifespan of about 120 days.

[0004] Erythrocytes develop from nucleated precursor cells in the bone marrow.
Immature erythrocytes, i.e., reticulocytes, have organelles that contribute to an increased

hemoglobin content and gas-carrying capacity. Reticulocytes can be recognized in
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towards the ana SI s partl cle analyZer data. In one enbodi nent, an
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interrogation of a smgle cell is referred to as a cell event. Commonly recorded
measurements per cell event include, forward light scatter, axial light loss, and
fluorescence. Some particle analyzers also collect a direct current impedance (DC)
measurement which is a measure of how much impedance is exerted by a cell. The DC
measurement, which is obtained from applying the maximum current such that the cell

membrane is not permeated and no current flows through the cell, is also known as

Coulter volume or volume.
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[0012] F@@w]l i's apviaw AfbRreRs dahanbd 8MANBiYs 51088 s@npkeasianelie #gisng
a flow cytoneter, in two-di nmensions.
of enumerating the population of hard-to-ghost cells using the event data generated by
axial light loss measurements. An example of an embodiment that is reported can be %
hard-to-ghost cells of a total red blood cell population. Said value can be used as a
research use only (RUO) parameter, or can be developed into an in vitro diagnostic (IVD)
parameter.

[0010] In yet another embodiment, an automated method of enumerating hard-to-ghost
cells in a blood cell sample can include: mixing a blood cell sample with a nucleic acid-
staining fluorescent dye to stain the blood cells containing nucleic acid and a ghosting
reagent to remove hemoglobin from red blood cells in the blood cell sample, thereby
generating a ghosted blood cell sample; passing the ghosted blood cell sample through a
cytometric flow cell; analyzing the ghosted blood cell sample in the cytometric flow cell
by using light scatter and fluorescence measurements; differentiating hard-to-ghost cells

from the fluorescently stained cells containing nucleic acid and ghosted cells by detecting

fluorescence and light scatter measurements; and enumerating the hard-to-ghost cells.



[0013]FIG 2 illustrates steps in analyzing imature reticulocytes in a

bl ood sanpl e according to an enbodi nent of the present invention.
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2, according to an enbodi nent of the present invention. [0015]FIG 4 shows
further details of the neasuring step shown in FIG 2, according to an
enbodi ment of the present invention. [0016] FIGS. 5(A) and 5(B) are
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a view of event data from analysis of a blood sample using a flow
cytometer, in two-dimensions.

[0013] FIG. 2 illustrates steps in analyzing immature reticulocytes in a blood sample
according to an embodiment of the present invention.

[0014] FIG. 3 shows further details of the preprocessing step shown in FIG. 2, according
to an embodiment of the present invention.

[0015] FIG. 4 shows further details of the measuring step shown in FIG. 2, according to
an embodiment of the present invention.

[0016] FIGS. 5(A) and 5(B) are two-dimensional views of event data from the analysis of
a blood sample. FIG. 5(B) is a view of the event data shown in FIG. 5(A) with the hard-
to-ghost cell population removed.

[0017] FIG. 6 shows the same event population shown in FIG. 5(A), but using axial light
loss (ALL) and UMALS instead of the conventional DC and UMALS.

[0018] FIGS. 7 (A-C) show several two-dimensional views illustrating event data with
varying capability to identify the hard-to-ghost cell population.

[0019] FIG. 8 shows further details of the measuring step shown in FIG. 2, according to
another embodiment of the present invention.

[0020] FIG. 9 is a system for evaluating immature reticulocytes according to an
embodiment of the present invention.

[0021] FIG. 10(A) shows a three-dimensional view of the event data from the analysis of
a blood sample from a healthy individual. Hard-to-ghost cells 1010, mature red blood
cells 1020, and reticulocytes 1030 are distinctly differentiated in the view.

[0022] FIG. 10(B) shows a three-dimensional view of the event data from the analysis of

a blood sample from a patient diagnosed with sickle cell anemia. Hard-to-ghost cells
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[0024] FIG. 11 illustrate an average % of "hard-to-ghost" cells in blood samples drawn
from healthy individuals.

[0025] FIG. 12 illustrate an average % of "hard-to-ghost" cells in blood samples drawn
from patients suffering from various diseases.

[0026] The features and advantages of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings. In the drawings, like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements. Generally, the drawing in
which an element first appears is indicated by the leftmost digit(s) in the corresponding

reference number.

DETAILED DESCRIPTION

[0027] The present invention relates to particle analysis data processing. While the
present invention is described herein with reference to illustrative embodiments for
particular applications, it should be understood that the invention is not limited thereto.
Those skilled in the art with access to the teachings herein will recognize additional
modifications, applications, and embodiments within the scope thereof and additional
fields in which the invention would be of significant utility.

Overview

[0028] As described in the background section above, the automated ability to determine
the distribution of red blood cells in a blood sample is a vital capability for several
applications. The methods and systems disclosed herein yield an improved automated
measure of cell populations in a blood sample. In one embodiment, the hard-to-ghost
cells are differentiated and enumerated using methods provided herein.

[0029] Exemplary environments in which this invention may be practiced include particle

analyzers, such as Beckman Coulter’s UniCel® DxH 800 System. The UniCel® DxH
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chemical composition and nuclear volume. A laser and multiple-angle light scatter
detectors provide information about a cell's internal structure, granularity, and surface
morphology. In addition, VCS devices use the highly accurate DC measurement of
volume to obtain other measurements that are adjusted for cell size from conductivity and
scatter. It should be noted, however, that the teachings in this disclosure are not limited to
devices using VCS technology.

[0030] FIG. 1 shows a two-dimensional scatter plot of a blood sample based on event
data generated from measurements of blood using a particle analyzer. Each data point
appearing in the scatter plot is based on selected measurements obtained from one cell
event, i.e., the interrogation of an individual cell by an electric current and a laser beam in
the flow cell. Event data populations of different cell types commonly found in a blood
sample are shown in the scatter plot. In general, sufficient separation exists between the
populations of red cells as a whole (i.e., erythrocytes 102 and reticulocytes 104), platelets
108, and white cells 106, that known techniques allow for gating the red cell population
as a whole, for example, based on the area defined by lines 122 and 124. Gating refers to
the process of filtering selected measurements from multi-parameter data, for example, as
described above, separating red cells (erythrocytes and reticulocytes), platelets and white
blood cells by testing the measurements generated for each cell event against known
threshold values. For example, line 124 can be a threshold volume value and line 122 can
be a threshold light scatter value, where cell events with volume measurements above line

124 and light scatter (often used in the form of log of light scatter) value less than line
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whol e, for exanpl e, d on the ar ned i i ng
refers to the Pp‘?aé%e% glef(‘?qut“@? ﬁﬁ%c E%T gt@ﬁ“?ﬂ?%a @@?& 1} @W\Syﬂg} S

mul ti - par angfgr, Arpré 1ta@é@%ll%av@ﬁ1g@@15Géﬂsﬁ?@v}ﬁ&pﬁ/ﬁl cBRRas el inkfWnagl | s
(erythrocytes and retlc ocytes), platelets and white bl ood cells by

testing the meé@ﬁﬁenemnsmgenbpeﬂeﬂkm@ﬂle%tﬂu@e$ﬁne¢ﬁh®Iégﬁﬂﬁ@FU%H@%WWIMS

hr eshol d F b h | d
e 122 cantbendet HiGRaRa 1) gt SBacter vardls. s STk | HEVIRT LS5t ™"

vol ume neasurBoeRintss ahauBiztdene fihéds@nd dlé, ahteseat tlﬁ(arﬂlﬂést ehsuitabid fluvrésbent
formof log of light Scatter) value less than |ine

2011/ 119163RiyEs Us2lnde/ basag3not7limpted clor tisgdn drangeeiitd @Plyereﬂlﬁ? ocifdisops!
reticulocytes. In existin t al be
gat ed, fo¥ SERBIETY BiyPs & %iﬁésgﬁelﬂ\mﬂg?%g&%ggh%%%eg%gggﬁéﬁ%gq G%ﬁ??gﬁﬁgof

line 130 arecxagipls; wh 96iE esbodihrnBasidiescemalyt sai be thabined tvitftht bloed $80plar e
mature red cells. Analyzing F@tlculocytes [ 0031] I n one aspect, nethods for
anal yzing r etlolre‘t?ls@@wﬁéﬁlop?ﬂ PERORATBRSP §W@1%P%n$3?@§8??§%e@ce @IS g g

fl OWChaT;g) f stepg, iy rtl‘lae\faéffé@m {egthree ﬁi%a?%?{ ng?ﬁﬂl&g of Q lﬁ@o@gi?ﬁﬂb Bt

of the present invention 3 b sanple Is prepared f

anal ysi s in'@o@ambmpkﬁcﬁﬂabeEMnn&kemaraue@ﬁntamﬂiaelﬁdemghmktungﬁmthﬁbood

| d/ t th npl th ta
T st rat es Hioaiol GG B DOESIHT P ORBHC 86 S urieaeeh iy Aol BRAE of
enmbodi ment . %}E)sﬁﬁ a%@x% et DL9add 38R B éBial §rd@BbkMReh We RBageny il 8f the

stain to fur T Pheat reticul ocytes. For exanple, a non-fluorochrone
dye that pre@o@&id&e&]kmeadkhhu@amnmgbwg@ﬁséncwadodmﬁﬁNkﬁkdﬂnﬁheaﬁCmﬁbe

reticul ocyte can ed Exa | es of sui tabl e, st ai.ns I but ot
T ted to, KW M FREEEaORR RuBdie ade Hegalit a bred RELotibefeoniE
PakT™ , Q(azéﬁb%teﬁa‘gll and Brh LRI del1esl usBl UereidMWershid Vi @ ti@aNcell that has
precipitated; wll have hi gher den5|ty which wi |l enhance the deljneation

of the RNA contethtt atouedfth efeity heruagloljn £onent fanyees Capferaiie theocaelasynere
reticul ocytes has the added advantage to allow the bl ood sanple to be
further analyzed for other constituents by utilizing a fluorescent dye, if
desired. Exanples of suitable fluorescent dyes include, but are not limted
to, thiazole orange and pol ynethi ne. Additional preparatory steps are
possi bl e in various enbodi nents of the present invention. For exanple, in
sone enbodi nents a fluorescent dye can be conmbined with the bl ood sanple to
measure additional properties of the sanple using a fluorescence neasure.



[0032] To further effectuate the exam nation of a conposition of a blood
sanpl e, the blood sanple can be conbined with a reagent such as, for
exanpl e, woneti/agisdcyt e ghosti ng sol uti on havi ng pot assipamiushéiooysssiat e and
sulfuric acid (step 304). This type of_ghosti ng reagent can be obtained as
a comercial product known as Reagent B of the Coulter Retie PakTM O her
ghosting reagents known to those skilled in the art can be used. The
ghosting proges9ovehenses mbe hrefeagt ahs mdra thaddish addhe dbinsglobmsightovedy lnn

ghosted cell. The term "ghosted cell", as used herein, refers to a.re
bl ood cel | tofher Hasismitceshorad sbitainddesaring éo%eﬁggtﬁdm%ﬁnagmﬁ@%n&%d.

Preferably, {heeelle a9RERnV QAN YAIALOIRCI/IOL 0f 028683 Em! BasnAA%
and even nore preferre as-nore than % of the henogl obin renoved. In
ot her wor ds, cythecgbokivedeeahinatiet af tis todisslotyian 30% opedifisallyr ihyi wdiction in
henogl obi n. The reduction of the he | obi n. cont ent.. enhances.the definition
of the reti cAmaglen septrkofcthe 5%?1{3%%1&99%&331}%%@{@% %t Ofﬁ"g feffcHidchi
reticul ocyte CRBICCAhbY mdhgidLoH Gl haDfhdteReADHcRidN casHsant ligf:
the red bl ood ce an%ﬁgb{{%s t he gilffe;egﬁ??ati on of et he reticul ocytes from
t he mat ur e RB@tewad Dfeasuring by a non-fluorescent method conprising |ight

scatter DC. [0033].In addi.tion to facilitating,th f

henogl o@ﬁ% t he gll%tféjghlr?ﬁ tB&%Cd]é:télgn%g’r? f fegsoe Osflp}ﬁglro gtb%n_é%rléégj‘ Qgﬁﬁgaf)"é’%‘“isféné}s& ng
the cells a ghee hegd BloodRape sivandinkhenebyndreragulin mgpene therebly perabilting

|l ight scatter neasurenents. The native reticul ocyte has an irregul ar shape

whi ch pr oducesreupisristiibls Hplitescaitefhmeaysene@ys. i e vty s SRS i) S IEBUD a
| i ght beam The sphering of the & ¥ . I p i -bhight

Seatter it T PORTWHREN s RIPIEREs AR R BESISRBRUEIIR Ul
in the sanpligand. NTEOHcARDOMIHERBE loodtcetliybtidizerepthdacib kgleduscater ainiatient he

bl ood sanple with a sphering agent. The sphering agent, iﬁ} used .in an anmount
effective toveighstormpethe dhgstsult defe@pingr g@yf"é@”?ﬁﬁteF di BreosiRlg | & sgme

i sovol unetrig ef, e 1 i,m [ in@Nhabhidddashsié Kvidnalsyisdisgof
the reticul o%“;%%d)s{maﬂg’ {ggnnlgﬁteﬁégg},ﬁngéﬂ%gg lttcﬁg&g%)llﬁg?i ng r eagtg%)t i é a s_ s
zZwi tterioni cageyr f aifeamiheviny clyents v abadmet mh cahdunt syffeeties to eusee thebrapiggated
cells. Exanples of sphering agents suitable for the present.i.nvention..

i ncl ude, but CrAMEGYES ‘Ffidrﬁcideéﬁp ,CqﬁéLfPo]éﬂY(HUBFt&ﬁﬁlr‘ﬁ%éPlg?rﬁet? ABEEE ISP o

ylb etaine fa%ﬁoincaﬁagfgiis de sildieRosttad N8 somk AA3AHinkdntd e HRRANPEQSEQUSRY

found that the ghosting process is affected by tenperature. Tenperatures
bel ow 55F, appieariotio snetciard witieh ghusiiinetyiglp splssesaid redhtper cellsreExpamplasdy
are necessary . to permt the ghostjing process to occur. Ln. some i ts,
the bl ood sathBFEN&ASENH SRR dp%i ?‘% PO HGLETRYG %18?]“ & IgHt ate a® gﬁrr%gérdg?&ure

of at |east Q[p.hefidRRaSMEARSRbYoaddd Fpﬂgaainbran@a@coaﬁm@hmam@hosti ng of
bl ood sanple will be conducted at 10 . (41 C ). [0035]1n sane

enbodi ni¥A84], t he PHaspbedrhweyhudy ifoupdstbpiuihe ghosing prercbeisidtectsd JdrmPEARTS. 0.

I n one enbodi.nent, th H of .t he ghostin olution is i pat O to
2.0. In addi ?%?raﬁufeszjﬁ&%gé Pt ﬁlﬁ?‘%lrﬁ%re %Ilg&ﬁ%g POLE P ﬁ%cegéé?%ﬁ&gg@r <0 %BI cgizses
the henogl 0\%{9 RPLs{r9Gh kAl 8 lgﬁo%tlﬁg mRyRks for @dut. e seheaghitrlithents,tthbdodeen

not ed t hat en utilizing potassiumthiocyanate, sulfuric acid is the

preferred aciathiflo wib het mitezledithrthe ghosgsogbsahetidnont. a Teraperyigre of at least 55° for

2011/ 119163Pa%11_)/rgisir2ngtle%{ %%Sge%gn&s. 9 In one embodiment, ghosting of blood sample will be

conducted at 106° F. (41° C.).

[0035] In some embodiments, the pH of the ghosting solution should be not higher than
3.0. In one embodiment, the pH of the ghosting solution is approximately 1.0 to 2.0. In
addition, it appears that the acidic ghosting solution solubilizes the hemoglobin and
facilitates its removal from the blood cell. It has been noted that when utilizing potassium

thiocyanate, sulfuric acid is the preferred acid to be utilized in the combination. The



preferred concentration for the potassiumthiocyanate is approximately from
1.0 to 6.0 grans per liter, and for the sulfuric acid is approximately from
0.7 to 3.Wognarmowar liter. [0036] The osnotic pressur @CofUskie/ogsst i ng

sol ution should be controlled so that tgere is arapid, but controlled

swel ling of the blood cell. The osnotic pressure of the ghosting sol ution
shoul d be at | east about 75 mlliosnoles. The osnotic pressure causes the

bl ood cel | tgrefrlil coanshinabedsethhetdssimngthodiyanate tihapprokinatsly ([Be) 1dbtohds

of mxing with the ghosting solution. If the os o re is stan
about 75 ni | BR®SREY Jéf§r ap iy ¢ {51%111 IrsGicis ppPigiinpat n%éitfmt“gb?tﬂgaongr?‘ﬁlfgﬁ Mg |

e nbran@ d willphyse, ti}ﬁf ﬁféecﬁ't{m]é gﬁdsh}{g shIQMEE sIRATPHE BoRFBRE Wb Enakt EH 15S
inred cell's that are ed reticul ocyte enuneration is not
reliable. |fatdpid, dﬁnmtmtmoltﬁdessm]ﬂnr@ p&thedtloalifdll. dihermsmotil epredsoisdo i Ighosking|
retai n henogl obin t culocyte differentiati

enbodi nent s, So(ti) ﬁﬂ@. aﬁrkéaé%%pélyzg i IQSIQ‘HJSE th‘éo%lg?iﬁ PISH %%u%?satr}]légl ?) Fom
about 75 to @et?l%t swekOardd idQs e E&no%l@blﬁtvﬂ@ﬁn(%m@c@m?@éc%ndé ben@siARtWith the

pressure of the ghosting solution w be in the range of about 82 to about
105 ni || i osnghostng @@@Bm} Rétthe nimgtie @rqsme ip lesp hag alpup G4, mtlesmpnleo dnedaths| e

i s anal yzed e anal

anal yaer 1 s SOMGREL or o8y et oo aricisy rishua St Rl BREoqolsARe Ll i Grer
portion of igsmdi® ﬂré‘slsﬁfé@‘éﬁﬁ@ ihntdcdlRahpait deheganal tizerkticilbdes exhlynhfr@miynmm c
pressure, the blood sample flows, cell by cell through a flowcell. Wthin

the flow celhot digblealll jhe anEtosesPISFSUHES j i Diffcignt dB | Rlogd eefipatill sdainFor
exanpl e, parfic cI e Can Rets. th
vorunet 11 6 s gfgoBR YHAENT SRR Lty MEme ERORALRIN. CRL R HADGUIRR, he

si mul t aneouséynd‘tmr peagine Gﬂ“l fhe Bidsting sotut@nf wdivo iaget ﬁtofn sbeyg 294o0i sholutirlflfer

detail, according to an enbodi prent of the present inv . .]0038].In step
202 the bl ovdlisne. B par SaPTAmSTp S GATRE Ao HBAcBl SRR f N B |

for analysi Sye hilnstale 80thout B2 WoBIRORImolblle sanple is interrogat ed by
ener gy fromlfehree I ndepen dent~ sources as it flows, cell by cell, through an

i nterro@asyjon poiRetuining ke FfE.ody inedtép. 204 the ébmi%mpﬁEhQ friagprzed giglaet separticle
measurenment i s recorded for, each ce

t ent
with the mat3#RDEGT of DtHE FaPY Pﬂe%ﬁ% paftiCTecéﬂaI%erelﬁpae%%A Ao, arfa(r?PZZ% 'eaFSO?S

scatter measyy, tthg%ﬁfo‘ﬁas%%ﬁﬂe RVEPSHioNRASHIENBMéFiced ihtbaht pagrld @ﬂalymn be
avail abl e, for exanple, and w thout limtation, mcludeforwardllg 1L
ce

scatter neasUn@mn’dmdyE@mwa}TdssgrﬁattheeblOﬂéa@mlésﬂot“ﬁe c¢l] preell.Hhroughg
t hrough t he interro ed and t hat f
t he bgam of fve WoPd %?F%FLP\%E%F o (% lng b"l“%gﬁg% 6%2@1%%3@6 3 -
10 - light S&@Hp% p'aﬂf‘c'lél%lyzlékbtusﬁ{gethBQICS td&hﬁ@dg)t Gan @Y tive o Amedigbieing
| i ght scatter (LMALS), upper nedian_angle |ight scatter (UVALS) Cg | .ow
angl e |ight efmtdlecorduntigly ofrheell, md Beligpaties, &l@ulta@@tlslgé%ﬁqaéhé%ﬂ atlaf 18219
angle fromt th e h

9 QW% {)ﬁ gtegX?OAP Fﬁ?ﬁuﬁ#&%%aﬁ ic%é;%tr%i é& a9 émﬁ&ﬁltn% & (1 f’e@ent

200- 430 angl I's" O € beam’ an refers to light s attered
at approxi mafn@bptioca. 10 angle fromthe axis of the beam Another |ight

scatter neasurenent, side angle |light scatter sur

scatt er@838k 900 Engered0d, ﬁh%g]r?édéﬁlﬁ@&lﬂ’iﬁﬁ‘tr"éi mtﬁlg g@%llilgﬁ@dl}‘fe%ﬁp@oﬂhgg

wi [l include r I o dagedtfCer @of
' ght Tost aPrAaan 0t oy 4B JRpE et dtient B sorflab ks b bodld IRl b

[0039] I n st %re@&&de;&ﬂdérh&bulfﬂfeﬁsyrteﬁm cthéty del, ihnolighadn m@ermfgah@n p@mt otihee
maturity is collected. For n one enbodi nment

i nvention, tHeYsEle ppiep H‘Q%@FI g&i‘%ﬁ?alﬁ%r HERY G lsﬁ‘féoréiﬁé éoro Cﬁ ﬁgl einlt £

known to dectg? 836€A Wohfent @&ré@&yﬁth%@fnaﬁﬁ'ﬁy betiiecielionyt e, it Bargpnef@kicdabatt he
RNA content decreases. As an exanple, the size of the cell, or cell volune,

can be neasuthedighs scgtet hecaDEe meslsdacemeest | SMealgeWU@ﬂ‘}@htSthdlegf@fSCWf‘é opic be
pulse is a function of cell volu r ur emen qg|g i of
r?glﬁlf}ﬁt FRUPREi n r@l ng%?u% rhni“ Ul il Ylght 52 Re

reticul ocyt e? Clect’ ways “of neas

vol une of thﬁe&s@lkémer@@n FRgvAtaedaitdt tbissirest@p. llglﬁOﬁhﬁ)iﬁmlsEthroﬁlghloheeselelbemg
neasurenent to indicate the anbunt of RNA in the cell, or other es of

measuring celnterophierand gt bredafiseiad fins haorhorf todkasp of lighbr ﬁé@raplg%a fogyardan
al so be used to indicate cell size. [0040] Returning to FIG 2, in step 206
a reticulocyte population is identified fromthe



entire cell event population. Scatter plots of the event data, using
various axis, help identify blood cell distribution patterns. As an

exanpl e, wheoavante3dat a can be visualized in a scatter pCOUS26100P868F, for
example, FIG 1, where the light scatter,is on the x-axis and vol une (DC)
is on the y-axis. As indicated earlier wth respect to FIG 1, the

reticul ocyte popul ation 104 can be identified separately from erythrocytes
102, pl at el elight 0Btcariclws, that sl ha 1ikfied ©héoverauediay angdle tlight s@ttec(IMOYEs

popul ation is dependent particularly o wdetinitively |i

separating t WP RGdean pesle dght PGHFY MC@P io"&é‘ﬂg]ﬁgl tsé?lr‘][fﬁr #ggiLsﬁorThe
exanpl e, in B kb ok B 02390 L EBPER A, TNRALS
scatter pl otﬂmegée{gqgﬁltg%%gh%ﬁgk Pﬁgghﬁ@s%g tegﬁ)%ﬁ%e{%?gﬁe measur enent
val ues der i vegre i glitcadteyed 4am2pr-av? ouse Gohl Bebkians tof baraand ARStsferd one

130 can fail to correctly separate erythrocytes 102 fromreti cul oc%t es
(104), parti Ggiitachyered th apegaimpitly S @y divns thaaxis|qfehp peamosAnpiei 1ghtt y

o et ey St e SRS L
measures can, e.rﬁp&ﬁﬁeegmbwlnf%ﬂ@ grbedi RN #1561 EAhpI6 WiRGHEIBAd § Atdhabi@BmEst

reported as the ratio of a predeterm néd nunber of regions defined on the
mappi ng funceéf exal BehitheseLLe ndd. b tedmoalnt qfdht dest ow.abpat @hest ASP angle
enbodi ment reticul ocytes can be reported as a percentage or absolute
nunber . Reporelativg ¢ Higarired P80t ti ng one or nore neasurenments to a display
or othe fput dgvi c it i8 1 t bnebtidalodyte ankhast is
Cells [@83%11 In ongl %atg e@?’, Qrtlﬁgelﬁrg? od oegﬁl%tﬂ;lléet 1?)#352%?\% nvent i onyt_al I ovvsﬁy1E or

t he accur acycafectedt iFoulkoayple, tedrecnitmdirhérdtofithe prspunt tiwntion.sbe pigpobecalli t h

havi ng nore accurate sanple data based,on which to comput. t] -
i nf or mati on. 4%t b%%ﬁ%&ﬁ&ﬁ@&%ﬂf Creelol Mo (geé:ﬁ%ﬁggé)gflﬁ’[ ﬂ%tﬁn%ﬁ bgfgﬁ ﬁlee
initial 9hoslteiti_@tglop}vtg,ciﬁsg%néféﬂec}sctﬁ@: RN A @BRichAt ddradas¥er &s entdiamphthegbiosbtheor

were only partially ghosted, i.e., "hard-to-ghost" cells. For the purposes
of the presenll, bnvdhvolome, ¢aneetraeasureh asiagttoe gﬁolél?asééqffll@ﬂt~mﬁfh¢ pgaksagppliterie:pt

cell which has tai ned at |.eas boyt no 0 i @i
hengl obi n cORIEnPIst i bieh St bt AGAC s ihdifu el hdRjocyte,
of its origi Hl@iuri'@}ﬁ,‘rlﬁélh@ilﬁ%rﬂi{e@ﬂ@f\/ﬁﬁire&r\ﬁi}%r(ﬁhhyasuﬁhg tigeldlumasofitbe ecll,han 0%

and even nore preferred has nore than 70% of the original h rmg}l obi n
content. TheussHdsthingepr Beresampie flugiessRsre MeBSHIeBaHi R IHECAC Ty EIegRE & B

SO s O thol e fel RO SRS o Rk M AP L Glo) SR 1RER A Bitkf MRkl

cells. Wtho ing or wthine osting (1.e., when the cells

| oose | ess tharaabositer38¥aRb bt heddrtohedivagt odll nzeont ent), erythrocytes may
not cl earl 8} differentiate fromreticul ocytes.  Another vi

di  f er eH940F r om gRewrEng & FiG: Soppiret(d B HERYLS %‘?Pb%attlog\évfs ﬁ’ieniigﬁd .6ré)ms &gn
in FIG 6 Whérftﬁ"e %@H%e@?@%@%#oﬂ?h@%tep 13therhRd dvdi@- B0 Skirgeldrbub @ikt help

positioned i n upper port e scatter plot of axial light |oss versus
UMALS. Wien hiandfytiieghest diseibhompatepnseséntn pxanle, tht oveht slataplan beawalized

bl ood sanple is analyzed using light s ter and_axial light |oss he,

di fferenti at iNghse@tich Hat saeh & ch%%g@é’lef Fin Dt septdils t@%%‘#‘?ﬁ qnd

because the D@&%Rt@g@&é& He8dxiPORYL AL A2 daslicdONBEcgRdt loSFIgRNEMarétitulocyte
In

posi tioned w reticul ocyte region. Some enbodi ments of the present
i nvol ve det eptpulgionat @ togheositeniiddssaparatdhe from rythwetilcatliodn pkeles Jod and

cells. [0043]FIGS. 5(A) .and 5(B) show the contra [ i AL

pl ots of thelx’ggﬁﬁelé%/fe@t ﬂﬁ%céﬁ%%ogﬁ’ﬁ TR RS B2 r%g%“@éﬁgﬁ%g g%ﬂé{blaﬁfebvén? s

usi ng convenhhonabadii el BEANBET scPhratifPethe "RECUBLRABY forh | @bt reficatiisercan be

(UMALS), and DC axis. I'n FIG 5(A) the scatter plot includes W

2011/ 119163PaTEWSROL. OF @ Z86@3le, in one embodiment, while line 130 can be superimposed on the
scatter plot 100 based on threshold light scatter and volume measurement values derived
empirically from previous collections of measurements, line 130 can fail to correctly

separate erythrocytes 102 from reticulocytes (104), particularly with regard to cell events

that lie in close proximity to line 130 in scatter plot 100.



- 12 - hard-to-ghost cell events. The boundary 510 shows the |ocation of a
har d-t o- ghost cell event population. FIG 5(B) shows the sane event

popul at i omoabtiernstsar d-t o- ghost cell events, including treTaSPpUALEN
defined by boundary 510, are renoved. I, both FIGS. 5(A) and 5(B), the
events bel ow boundary 530 correspond to platelets and the events to the

ri ght of boundary 520 correspond to white blood cells. As can be seen by
the |oc@pygn of theuboundaryaind FIGhe ihateg-200; gitost moel ietiguente popwiatdann
spans the separation of the mature red b OPd ceﬁll popul at i og anﬂ t he
reticul ocyt ebeptspartedi dm Ong FEHOHMSRANG getictlogyier raghiop 1§ §eRr&drasyIaiae] RGAi sh
bet ween mat - I ﬁ%}g | i t enif268d bived
har d-t o- gho rg%gé nke?%/&e)%?n %gﬁ)u?e |onde;%glb(6r}gﬂr]rog%)e/ﬁ(},§§p£é glﬁg\g/ivﬂﬁ i&ﬁ&Fl G 5(B), a
cl ear boundaseyl fwpilatian. he adehémsobdiehweentitthiecyhwtaan derrepprisidosd pePdngags

ticul tes. A vi | [ f FI . 9(A d 5(B) ill
11 oul . (RSP BTG g CRRA SRR 513 P LHES R Borea pat ot ko SRokDe

reti cul ooyt ag oAl i GhASE a sk iAr®. present. | [0044] In this

enbodi ment, the axi i ght | oss neasurenent enabl es the discrimnation of

t he hard-to-ghost population fromthe rest of the sanple. It has been
unexpect edl y_f ound he i.nveptors of the present invention that the sane
event popul a??%ff"f%ﬁ%”i’é 'ﬁ%‘(osﬁdlg@%i fy the hard-to-ghost popul ati on based on

the conygent)i onal Iy ssegpebgiiie srelkest Measusamanlienticanlloow fdi dtd aguiash ofhe
popul ati on using an axial light |oss neasurenent. For exag})l e, FIG 6 shows
the sane evestcpopts deteeiipnsthaing ERPrede bsmprovsdiwids PagnaRioss asquie S4BRE
(ALL) and U inst of . he conventi l; : IHRG-vALL

har d-t o- ghogét%1 Iracsté‘lfs 385%@{ E:Oa% e %Yeglgﬂog%dré@t% I ed%&%ﬁégsv\%ﬁgby t’hg Sglrrnga
within the hoosdadypl6s Ghat[ Q@4 BeFAnEEl gh¢shinG)pro¢dssisemarcells trndnaititiv tierg bider

cell event renoval of another bl ood san‘al.e usi ng ALL j,n gn lgnb di nent of
the present HohgBateher Waganbeparptlbt ehppsdsho af‘ﬂ@'é@ﬁ rcﬁﬁf'y %@EPEME? O_énd
DC. In scatt L pRls Ot igg&tioﬂaﬁlg't%rggr Rﬂo—gﬁas{ SclPIBIlIPERS 8k cERSVESEIOMAR réfainRi N

boundary 711), “buf cannot be c y distingui shed fromother red bl ood
cel | s. Howevelcaswdtent ibes hamd0datfatsiosigatadhemo globinabtient. g othe7 ordshig ihagl-

axial light |oss (A nd U as.axis, e ability to detect
hard-to-g hostP-gil@Ftl %@hh%?s 3%%@%}% Q?fﬂ rog\}téc?.“gg!fi 381“8510!&%%“%0%‘9 hglfeg?r?%l-y glts el
popul ation 72l 8 Lhear kyo,dhsE evbh Bhéref prorartdienst Rrye avant7opoRY! @ki @isnal
[ 0046] I n one enbodi nent of the present invention, the cell events

cor r espondi rigntagldtie coratent- thegghostingopioatsat foosxaaplebey tembiaimed BYROOHAACIE he

730, Usi g SRS S o pE il i) 15 P BlaBeb R o SiRp VIHES °°
Filtering- Otsl%]hgg@%gyo@wmt e FRIMESREMdL NPe.t Whbhehdadil- Toosches thapapulad(®ofcan

be acconpli _ gating the hard-to-ghost popul ation either, .

aut omat i cal |tyeibasmagiohin ¢untendk sryhiecyteh eyt ¢leatly daerenipie §opnratigslocytes.
determ ned egpificall or..Wwth r ' 2 t0-Bn 6k SURlcan b
conpari son d&yostégt\fl%\?’%E)Itkbetdsl%?%acgﬁgrﬂ%gﬁg?Icglgsﬁéogﬁazéfﬁgﬁgfteoaéé%k d\%istcimr%c'g3 i on
bet ween t he g¥Bi W EIG.edwhicaatowepbpipaipul @i afithd bartihe-ghedttceli§ béing pdsitigned3a

SR FE T TSR R T Y O T
(A0 cells are present in the blood sample, and the blood sample is analyzed using light scatter
and axial light loss, the differentiation of the reticulocytes from the mature red cells can
fail because the hard-to-ghost cell population is dense and is generally positioned within
the reticulocyte region. Some embodiments of the present involve detecting hard-to-
ghost cells in the total population of blood cells.
[0043] FIGS. 5(A) and 5(B) show the contrast presented in scatter plots of the same event
data with and without hard-to-ghost cell events, using conventional light scatter or upper

medium angle light scatter (UMALS), and DC axis. In FIG. 5(A) the scatter plot includes



(specifically the area within boundary 721), when using ALL, hard-to-ghost
cells can be identified as a distinct popul ation from ot her popul ati ons
such as meounea/mew3bl ood cells, reticul ocytes, platel et ®Cans$2eviorsssbl ood
cells. The hard-to-ghost cells generally display a higher ALL than ot her
bl ood cell types except for white blood cells. Wite blood cells can be

di stingui shed due to their high light scatter neasurenents relative to

ot her bl ood lgglittoltchmesell Bnenthi Ghe Ablnddry t5hé shawsl iteologitast ofce hirdgofahbsitdetn

b ttributed to th latively high light ab A f . h i At
e aser -waveRBRGPAPTHITaaRi (1S el Engte dtuf ToR et g4t U Shary b
that yiel dede\feﬁlﬁu Lﬁcﬁldﬁ?ig{é ﬂ uf:aki%;deéﬁe%) by @l&@dar}ﬁS?(ﬂcbri fe‘?n&‘:}e)i. hameel BlG

di spl ays very gh optit absorption that leads to a high level of ALL. In
gener al , heni(@)chilrf(Bhds eventy eedsedoabdoy F60 enrresponil gaplaiglets anddhe pyghts tos

bet ween 400-500n vel engt 0048 tecti f the, hard-t o-gho s in
a bl ood sarrp‘?‘é“@g]F ﬁ\’,@j%‘? ‘Tlr)g/?gg CEﬁﬁspﬁhg)g%ggﬁﬁﬁﬁgﬁéaﬁ%ﬁ ﬁaéqd%e eg‘glgle%tlgg HoPhe
present i nVe&Eéh@'Eoﬁﬁ&\f\? s, thb (ﬁarcﬁto—%ﬂi')sﬂ:&éﬂ et pb@PatAispahs HeGep&aiion dbittkher
di ssected to include steps to detect hard-to-ghost cells, In step 802,

; : a
prepar ed bl oodtusampl djoad. ecll papwatiqn enhals mefidiasitegRertiepnadberehamaEde Ean
be i ntroduce o,a flow,cell. for | iS. 0 t i
i nt errogat ed&ﬁicéllhl tooﬁpeélg}' Id,lsmllj1 Plﬁ}d%%e%gééezlr %ﬁ%&rﬁ?ﬁ% E’E Ogidléer%lgs %ﬁﬁ ?%%Piog}éﬂg% alg
expl ai ned wi ¢dhthmaspBeh tHetald-6-glbsabiVeent popsleipn8Ofemdviee, Alshowrais HI@MER), i s

collected, along with one or nore_|light scatter neasurenents in step 810.
Descri pt i ons? ¢ffan hpanflaryil 1 sempe é@ﬁrf?’ég)@m’@ﬁé]ﬁ‘% magye E’F‘étgl%ﬁ%élé%@ éetW]?)ﬁyteS'

respect 10 FAGiafy coRBATLL NG SCIROIYE) MG BAfituhomoReRfyfig!da
are detected, thi’s “even ata can use 0 nore accurately anal yze
reticul ocyt espafating eéxanglie, red belshfaomd r¢tmulphegss wheh hapleptdhati @hs e@rprésent.
filtered out usi g}g}l the ALL.val ugs of the reticul ocyte even%s,d.as. i.n tSteo[%
812. | nl00ffls enbobi tisrmbodieent1Ba fIaRENt fpss IMGIEITSEhY SHBPlSs sy Uiy pgon
anal ysi s for {55 jtoH! L& @rin@ddn@ile. Olt 1RO YeS MikpERellE Bund
i nf or mat i on,thgglgﬁnws%ﬂ 8%9%‘;}?2??*%%‘3 S T o e Pl g et 028683 - e
general , theby émpumkniofs dhéehchpresent ongdntion thell theesasrt eymppoatliaben \ieag| cgnnot

i ncrease the accuracy, of nost parapeters reported concerni,ng red.hblo

cel l's and/ orldP’étEf!s’c Fd&%{fl'é%'.gﬁ?%lwp PBrPasRY OPe r‘fcfnﬁlﬁn%cfnapgtg"ll Sggfjl(l)%{t/tsggmr

i nformation s, Heschi Red RRoYsINSEdh ﬂh@?}@ htidrOudth&an dxiaENYEbEL hBGurement.
Har d-t o- Ghost Cells [0050] One aspect o he present invention is concerned
wi t h enuner afdrnexatipde, HEd-6t ShowgHbs tsamelaventi pppripéiop| shewnsianpCe S(4M, adsHEen

unexpectedly di.sc re t he | tors .of- .4 h r i } hat.:
there exi st sa%a@t%%ﬁqs%\?{*gﬁ) B‘éﬂ%@%ﬁ}? %Stef?groé-ﬂ%%g% 8‘?‘?&@4@%‘@%?’%% néjlglgl1 %a
bl ood sanpl eagndhadhboadstRall RoE@gyan Bpekifly Grhtified,ids shasn beehe fronmdthihtb

t he nunber of hard-to-ghost cells is increased in analyzed bl ood sanpl es
col | ected frigmngaitdAts suffering fromvarious diseases, exanples of which

el udeyobut are apte 1 &Pt 4 89305 BHER 28 e RN GPALBIES blood

(e.qg., | e cell —ane al assem a emat ol ogi cal nal I gnanci es
(e.g., |eukegingse andg Wpherasbodzhatt bf tig menbineadiong Scdits@laerl§ shags thel |
as HV/AIDS, nmalignant tunors, and autoi m‘rupi)g disorders, In ﬁddi tion,
further infotmstalyriseat/ MALsppdilfed IBeRier pitdd0dhadieghosinels fEHBSIThESt he
posi tion of - 110 t I I 8 Hler S84BIRE -
Ret ur ni ng toghllz—slg/&h‘%ggmf%ugg\%\}?ngqﬁ hgeﬁ(fg?%%% oﬁ?ﬁhﬁagé%%@éﬁgs@%el | s can be
enuner at ed, @slsi Hostevpr, 8d3n thosamé daa oy shomumerstitarglaf720ehi@ng gxial light loss

wel | -established techpjgue for. well-defined cell popul ations, such as e
presently de@f danﬁlaﬂﬁmc&os-e@%&’é]ts’ g|aibg$y It%?lStﬁ%telm%%Igﬁ%sﬁtceﬁ%g W&ﬁ%-l @r-og\g'%uo'st
fraction is gepardedias ddgakiabldodf pdpalfiohor2ah@sdies8! diScdribidgomntherhdred

bl ood cell population. In another enbodi nent hard-to-ghost cells can be
reported as @vepepgemtt@ge or absol ute nunber. Said value can be used as a

researc e only (RUQ r anet or_can_be..devel i L4V

i agnostVBoL 1 VD) e e B AT GRS Tt Pac e thetar T op e M e,
of hard-to- %@@ko-g%dt F;R%@wti@hi oS bd Odigerédold eed senphesniderdeyiedvdtsopusg be
heal t hy i ndividual's (Fl 10(?%2 and frompatients suffering from sickle
cel | aneni a {iFplayed10y Bpjtennlot, Tioalcxample sep AsE 301 gsER) UMASLY [arigsiidabbaa iy
the FIGS. 10(A) and 11, the % hard-to-ghost cells of a total RBC popul ation
is negligible, i.e., less than about 0.01% in bl ood sanpl es donated by

heal thy individuals. It has al so been determ ned that bl ood sanples from
patients suffering froma nunber of certain pathol ogi es contain an

i ncreased popul ati on of hard-to-ghost cells (illustrated in FIG 12). Such
pat hol ogi es include renal failure, liver cancer, HV, sickle cell anem a,
and



WO 2011/ 119163PCT/ US2010/ 028683 - 15 - thal assem a. The % har d-t o- ghost

cells of a total RBC population in a blood sanple of a patient with a

certai n dvagnugsadiedi sease state is increased at |east 1@cfralsdomoessss he

har dt o- ghost cel | popul ation size of a healthy individual. In sone bl ood

sanpl es, the hard-toghost cell population of a patient suffering froma

di sease or disorder is at |east 100-fold greater than that of a healthy

i ndi vi dual . flinerifi-8GOuRIY e0éntt ht@rdspemtindytot Hie i hardnv-ghsstofpoplietipr esantbe

i nvention can be useful in determ ni ?ﬁ% exi stfn.ce of abnor nal EOBUl 8“ op of
VAT in

har d- t o- ghosacceaplighed\ipy sHingeihe Haidr iReFhoplePrafakoB F1EH Fuisrmdis O8r tA
pat hol ogi es. r pgﬁ_ss ; ¥R ke 1
har d-t o- ghosﬁfxa[gggl(?%id?wgéélg lggltfﬁngﬁ(}]ar Y, Q%%gpgﬁiﬁl ngﬁbff‘éﬁn@ﬁg&@%t can énr?gllli/ze
a bl ood sanpherdyr gitsiicag Aheésshrphpaasia ofesstici nlptc@bd apg el illuseaiesgihebi n

f the bl ood cell sanpl i i ght nt Kk
SOTRR st R e e R I e B et ot S LD L e
hemogl obi n ajf goNgl F@%{clﬁl@c%@ﬁﬂpﬁlgﬁ&h@%& ﬁglltnlo?-bohmz@y her. words, the

har d-t o- ghost cells w have greater lig scatter than a ghosted cells in
the scaffDéTigram AsshdvisindiiGe brispesifivetin g, aremwithi houadany ® 10 hendaf G d(A-§)

| | fl t dye.to diff tiate f. ti
nar a- of ghosereat v Fogsa T el e’ (e B Eut TSSO eo kT i8S,

the envi r onngaksiddmhswhilistind: Posulbfide ibmoitha&aidphRtiphasichee dnatseabd akofll cells,
cytoneters and hematol ogy anal yzers, can_ be gr ogramed to report_a.. I
numeri cal valctieulpetesh atadlets agth ddite bkrqd wpuiThe haw-torghogt srlerneally displa%acan
be correlated 1o i.ochem cal [ | hiRMblood cell
ndi vi duar . ey Ramfe S RadRe el BRHELR P Boof sBh, RniEhlood ells
cel | of totalanrrddiblieeskheeldlis té theqr Hibotighsaapéremedsatencanty edpionds other bleed

number of el BoeUngB hesl ALLITH e tesb-Giprd AT faR AUPHRTE R e
exceeds such L eRnoL 6@% Ysorfhidll SEARRoSHBHE 8D MGr WARRGLAMo AN ethe

bl ood sanpl e can rranting further diagnostic eval uation of
the patient.whvedngsi aiednn dssesisilagnd hwer Hao gitldeduetults ebawn i IGS. ded e DBIne

the appropriate further testing based on. patient's t ener.al health
Statunr o sedse OrChitemrabhn Geae cru A RRes the SRE LR C R T b S
sanpl e can bgyf epgy g&%réfllpli’leltﬂ'déltobﬁlr s}%"(zxiasl HRtdal hbsoPptivar 6F tiggthesén €@l lightnisa

bl ood sanpl e exceedS the threshold value by at |east 10-fold. In another
enbodi ment , lettootDsHitpheweedietggh.r eported for further evaluation if %

hard-to-ghgost cell in.a blgod s I xceeds t t.hr eshol d.

| east 1&984ﬁol d. e@@l?é%ﬁ%%%%@ﬁ@f dﬁ%ggoo-d ngﬁj-le Fgﬁég%ngﬁ’épyﬁgg KSws

a systemto ?e@%%ﬁﬁﬁm@'kﬁfot‘ﬁe%ﬂiﬂéhﬁﬁer@%@@lﬁéﬂ)ﬂ&@bm& onaRtiemiesiMenFIGS 8.t he FiE.esent

invention. A particle analyzer 910 is coupl ed usi n? link 940 to a c?gplé%er
9 2

901. Conput estef90Q2 o6 FEpt 2 embirihgr disegstesdousslnge piepk lcodedt dard-to-ghnshge

and/ or an exter st or age, deyvi ce ,921, - [Walel r sor
202, = momor Y005 ‘AT RCEy REY SEiuP e SOIPE etbg R vy Ba el AR
modul e 906, aRdd@cted hGlohoeyt Pr fRdie BGTep Rel ileulanpid i imodogaed 071 barell,
include a detector nodule 961, an analyzer nodu] e 96@1, a diff regtibat or
modul e 965, wsvel mepaipBRdy inglidinge ogn bepmes sxpared #b rspsr|odiCo 4 §oR%h I

i nclude a henat ql\Qgy,. analyy r, beelidhadcatts
capabl e of isn‘fpe?gr0 gg)a(}%el %}La%rgﬁ{agggllng%\{npﬁyg&v%% %eﬁ’ ta%(g{guzjgmoéﬁioggg%@gl%é}?i gqht . A
bl ood sanpl emiessupsnegdyd gdstam il Op Westiptivas toif cheeli gtadcyz@rmeborehpnt eamby suwd
The event data generated by particle analyzer 910 is comunicated to
conput er 9012}b069(¥‘f1tht1ﬁ@elcﬁ‘?@546-. Li nk 940 can be a device-internal

connect f()%ﬁ%]s uch ag, &%r d NS REntC GRRORE Mbir dL{BL BILGONE Gle ddt6dtdd, IMS everit dta can
net wor k connecti on. The events generated by the analysis of blood sanples
in particle anabedzeor mokDacarntdie anelyre métcatoeytes.o fooreyamete, 9oz hird-tpehpsttqele

or in batch- gcg)p%?eition can be filtered out using the ALL values of the reticulocyte events, as in step

812. In this embodiment, the event data will be available for further analysis for

determining reticulocyte information or any other red cell information, as in step 814. In



[ 0055] The event data, subsequent to any processing within conputer 901, is
then presented to a user on display 920, or stored in external storage
devi ce 92x0 2poriiesednpl e, scatter plots generated by pro®eT4aiSnagomegcRs n
conputer 901 can be presented to the usgr using display 920. Processed
event data can also be stored for |ater analysis and display. Externa
storage device 921 can include a hard drive, or other type of portable
storage. [ OR&R}al Precess®dral W2theaaréxeghs® delis tvant tpopuitibhavoedainkeasehihe
processi ng of nodul es 905, 906 and 907. Internal ngnnry ﬁOB g/ovidef t he

t enporary MeRSEECY e§unPE P BREEITRPHISE eWFRYE KPRt &EHR PN YPh FABISHES can

provide for Eplgultsaﬁéﬁﬁ%ﬁc?rr%)o%n%gf Iee:ﬁ@ﬁg&ﬁé EnfohRLRIC s UesHicd BB HRRULIRRCt to

associated w ocessi nternal storage 904 can al so store
control | ogiBlhased on instructions and/or program code of nodul es

i ncl udi ng the conponent nodul es of reticul ocyte nodule 907, in the forns
i ncl udi ng conput er readabl e program code. [0057] 1 nput nodul e 905 receives

the evepl, (3l &iBCAGF/t&EHY: @ald | cl e analyzer 910. Input nodul e 905 can

include any processing that is required to transformthe input event data
from pafis8] e anaDyzespeel0f theoprgsdno imeentiom de eertcengd byith enimerpbes the hsdie-e

907. OQut put dul Q0 | 1 ts th t dat i t
modul o 907, BERt oken di Sleefsurakon FEBLa LR DBLARCARET R oy tht e &
display 920 gk stn@dav@dRn thO 1RO ldxlst 16 3hcalhtisse O3 8th8 3hard-1d-ghost sdetlg

link 950. Link 950 can be an device-internal connectjon such as PEI, %L a
net wor k conneatilaion idiadpved/sande eatha biood rathoayy Trevifically.Habas keep findiinsted
for the view,ng of particle anal 4 - ' [ 4 gLher
reans. capabl £ogr st BEbHG FOSHES T el R AnFIRrL® oA Radfies RRYATN B0
det ect or nodpdtRnR6Lffedang iffoel useoushiisdasst exsmiplenst whichdetledeyibat ag not limited

measurenments or paraneters of cell events as they pe&tain.tgxéjgglscatt r

i ncl udi ng UM&: Sisepesswaich aschepeglobiggnaiies.j G- $i6klE ceinghoptie agt LhARse™ &er y
enbodi ment o il L{oD, MR DAY 8y AsIERSS) t Blodldg 9fd tRdin
neasurenentsﬂ%ﬁﬁgggkgﬁg@%%h§¥%%ek§%he cgn?%gura??gn req&irgd gn particl§
anal yzer 910dikerdenahl evdlhes ¢tlV/ A8DS$,omabgnaal [tuwbrst hed avovenmeasdisedent s. In

ot cul 0cy? Bt VIR ARUPEHOTa R PHOPUIGHALEULBRRe POpTary6h CORAE e
I sol ating t hate QPO Af! %??—25—8%833@%9@5!’ il ¥RELaddrgRhPRANGRAl Sambles ardthi@ing to

enbodi nent, anal yzer nodu can include instructions to filter-out the
cel | events EIfi.r&spboddingcthe aetvation, thordyhoglhost e¢liss¢analse exphepisddasaivosier 8ih

yel another Gl MenL SHOLIZ L RO 2, 202 ERNLICLRal 1
populations, such as the presently defined hard-to-ghost cells. In one embodiment the
hard-to-ghost fraction is reported as the ratio of hard-to-ghost cells to the entire red blood
cell population. In another embodiment hard-to-ghost cells can be reported as a
percentage or absolute number. Said value can be used as a research use only (RUO)
parameter, or can be developed into an in vitro diagnostic (IVD) parameter. FIGS. 10 (A-
C) illustrate the difference in size of hard-to-ghost cell populations 1010 in blood samples
derived from a healthy individuals (FIG. 10(A)) and from patients suffering from sickle
cell anemia (FIG. 10(B)) and Thalassemia (FIG. 10(C)). As illustrated by the FIGS.
10(A) and 11, the % hard-to-ghost cells of a total RBC population is negligible, i.e., less
than about 0.01% in blood samples donated by healthy individuals. It has also been
determined that blood samples from patients suffering from a number of certain

pathologies contain an increased population of hard-to-ghost cells (illustrated in FIG. 12).

Such pathologies include renal failure, liver cancer, HIV, sickle cell anemia, and



[0060] Di fferentiator nodul e 965 can include instructions that cause the
conmputer to determne the immture reticulocyte information of the sanple
bei ng anaw9zed/115m8 exanpl e, the reticul ocyte event popweCatusesoioeksssified
usi ng nodul e 963, nmay now be investi gat1 d using both, the light scatter
measurenent as well as a second reticulocyte maturity neasurenent such as
volunme, to differentiate the mature fromthe imuature reticul ocytes.

[ 0061] Repor t@klateea. TRV, haraltoigRSst ichis o6 total RBOPopuiati:i inga blonputeple 804 t o

di splay scatter plots to display 920, and also to report us féjl

?uant i fi cat i RAtiSNIOVith Becertain) Epgnosst discasp Sta%lsapﬁé%ﬁeéégrgqaé? 1%&% fiom theigEy: e
raction or tf et icul e per ane: t1fd | &an

be-report ed By ey T AR RE BB e A e ol &

i nstructi onsghost ¢edipguptlatiof aif mgtationt saffetitg franda tiegseas tdimeddr ipaplehsitl Doreld

[0062] In this discl . et hods,. i scl osed . i My o3
accuracy of %P%ﬁ%%&’g%g%\%ré’%éﬁggg}@io@%f‘%ﬁﬂg‘irj’ﬁg&h%&ga%égtog g%ﬁ%ggd %’ggﬁe?é]t%?%gﬁ%ooéyt e
fraction andthg'é%%'eﬁtofnggﬂ% ot gesl'lSﬁiFLgQH Qieﬁe?xlnﬁﬁﬁ? cRBlcRQAst YiiRinflaspdpall Adhi Al

i nprovenents over the current methods and can Tead to significant
i npr ovenent shardvtd-plost etless tihah amndfurthedharehitedad agpreagnbreef esttaimgathologies.

2011/ 11 PCT/ US2010/ 028683 .- 18 - bl ood pat hol ogi es., Per.sons_.ski,|| LN
t he artl%\&?ﬁl unde‘%g‘?r&ﬁtﬂ DEReds A R ﬁmp&rgg §i S%lfng%%% ’f‘ll%rg—et?'r%ﬂc%{n el[%fes fork
appl i cabl e foriGgidy, bypemiled ietheahann ey 8o Sadplednsdiostiedihbetple(£H063]
The foregoing description of the invention has been presented far Eur poses

of i11ust r atmessueng edls byi peli diemagiobin afothd dlenidedll t e gleudiehy sC8ert o
imt the inventi h ' or m. di i fi -
and vari at i Olﬂgas%e)%peﬁlég% <r81§\iv€|rt(? M€ sﬂl(ﬂrﬁgn 11%3:;‘}?6? Ijg.S%gOsea sgfgclﬂa{ hgwg;%gt%ﬁmaﬁ ns

elinlrg above te I ngs.

ermbodi ment vaIg/, Giiase brigingl Basedlbliadiré toidiesd hardheshosxgllai in dther woidscihpl es
of the invention and its practical application to thereby enabhle others

skilled in thed-so-ehess cplsstillibavei reatehlehit SGuIFE it 4 BRQREG GllS TR MSotAERIE and
o] o o LB VRIRERAR0, U SRRy e ot s mmLatad ol
al ternative d@ffbediimenisrcitulbdiees fnveitd lomd-exebett celisof ar as |imted by the
prior a[rOBSZ] Vo Zol%jixlziil'llt?elgg(icr:g:téyds %(})/12(1) /slgiﬁg %?Tis-anlt%at- the environments in which this
invention can be practiced, such as flow cytometers and hematology analyzers, can be
programmed to report a numerical value for hard-to-ghost cell population. This
numerical value can be correlated to a biochemical and/or a physiological state of an
individual. For example, a threshold value can be set for % hard-to-ghost cell of total red
blood cells in a blood sample that corresponds to the number of hard-to-ghost cells
present in a healthy individual. When a number of hard-to-ghost cells in a blood sample
derived from a patient exceeds such threshold value, a disease state can be suspected and
the blood sample can be reported, warranting further diagnostic evaluation of the patient.
A physician assessing the blood count result will determine the appropriate further testing
based on patient's symptoms, general health status, disease or disorder, gender, and age.
In one embodiment, a blood sample can be reported for further evaluation if % hard-to-
ghost cell in a blood sample exceeds the threshold value by at least 10-fold. In another

embodiment, a blood sample can be reported for further evaluation if % hard-to-ghost cell

in a blood sample exceeds the threshold value by at least 100-fold.

System to determine blood cell information



WHAT IS CLAIMED I S: 1. An autonmated net hod of enunerating hard-to-ghost
cells in a blood cell sanple conprising: (a) mxing a blood cell
sanpl e wwwb 2a1mueiesi c acid stain to stain nucleic acid aou/ts2¢glosieshg
reagent to renove henogl obin fromred bi od cells in the blood cell sanple,
t her eby generating a ghosted bl ood cel |l sanpl e; (b) passing the
ghosted bl ood cell sanple through a cytonetric flow cell; (c)

anal yzi p@sshe ghoBl®d Hoeat gtdm &aﬂmlﬁelhiodidmnqymmbrdmg fd awerobddimest ofg
two different optical neasurenents; di fferenti

hﬁr d- toI ghos’thecpé?ﬁegt IeRiERR. gAgRarade BP?%%FTC%E)PS §8‘ﬁlﬂF u?‘P%M%t%%rtocaeWn%p‘ﬁ%rl ng
t he ana f
ysi sq (fb1‘e Car J}tut 2 %bl €5 p?@fqiﬂﬂp%\ﬁﬂ%] ‘lfnﬁn@im §) a@fiplay 920, and®} an

enunerating t host hod of claim1,” wherein
m xi ng of t hextbholodomgapbecawlh ChepntgcPel caramucl:hdesttmocmsasrg %Wea arecharh 803,

SPOSLID, " 224eNt 5 RS TP, SER 2Ll ord. THE TSI Hh Bl A, hyefEse
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module 963, a differentiator module 965, and a reporter module 967.

[0054] Particle analyzer 910 can include a hematology analyzer, flow cytometer, or
similar device that is capable of interrogating a blood sample with the use of a beam of
light. A blood sample is prepared an input to particle analyzer 910 for analysis. The
event data generated by particle analyzer 910 is communicated to computer 901, over the
link 940. Link 940 can be a device-internal connection such as peripheral component
interconnect (PCI) bus, or a network connection. The events generated by the analysis of
blood samples in particle analyzer 910 can be communicated to computer 901 in real-time
or in batch-mode.

[0055] The event data, subsequent to any processing within computer 901, is then
presented to a user on display 920, or stored in external storage device 921. For example,
scatter plots generated by processing within computer 901 can be presented to the user
using display 920. Processed event data can also be stored for later analysis and display.
External storage device 921 can include a hard drive, or other type of portable storage.

[0056] Processor 902 can execute instructions that enable the processing of modules 903,
906 and 907. Internal memory 903 provides the temporary memory required for such
processing, and internal storage 904 can provide for the temporary or intermediate storage
of data and results associated with such processing. Internal storage 904 can also store
control logic based on instructions and/or program code of modules including the
component modules of reticulocyte module 907, in the forms including computer
readable program code.

[0057] Input module 905 receives the event data generated by particle analyzer 910.
Input module 905 can include any processing that is required to transform the input event
data from particle analyzer 910, to a format understood by reticulocyte module 907.
Output module 906 collects the event data processed by reticulocyte module 907,

performs any conversion necessary, and outputs to either display 920 or storage 920,



5. The nethod of claim1, further conprising determ ning an exi stence of an
abnormal popul ati on of hard-to-ghost cells by conparing the nunber of

har d-t o- ghvosb1igiabies in the bl ood cell sanple to a threshoraseaboessand
reporting the nunber of hard-to-ghost | s that exceeds the threshold

val ue. 6. A nmethod of detecting hard-to-dhost cells in a bl ood sanple

conpri si ng: (a) mxing the blood sanple with a ghosting reagent to
remove henmoghbi mnif ouM Led wsbead beahldsyict- ﬁlﬁéx@byccgﬁac&roatsmn@ aaPGhas tetttidrbod
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axi al SS Nneasur eme
2011/119163Rﬁﬁhé§@ﬂéﬁkﬁ28683 - 20 - 7.The nethod of claim6, wherein the

identification of the hard-to-gho cells usin .
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above measurements.

[0059] Analyzer module 963 includes the instructions for identifying the reticulocyte
population and/or a hard-to-ghost cell population, and isolating that population from other
types of blood cells. In another embodiment, analyzer module 963 can include
instructions to filter-out the cell events corresponding to hard-to-ghost cells, as explained
above. In yet another embodiment, analyzer module 963 can include instructions for
enumerating the hard-to-ghost cell population.

[0060] Differentiator module 965 can include instructions that cause the computer to
determine the immature reticulocyte information of the sample being analyzed. For
example, the reticulocyte event population identified using module 963, may now be
investigated using both, the light scatter measurement as well as a second reticulocyte
maturity measurement such as volume, to differentiate the mature from the immature
reticulocytes.

[0061] Reporter module 967 includes the instruction enabling computer 901 to display
scatter plots to display 920, and also to report useful quantifications of the reticulocytes in
the blood sample. The reticulocyte fraction or the reticulocyte percentage are some
quantifications that can be reported by reporter module 967. Reporter module 967 can
also include instructions to report information about hard-to-ghost cell populations.

[0062] In this disclosure, methods were disclosed that can improve the accuracy of blood
sample analysis through measures such as the reticulocyte fraction and hard-to-ghost
cells. The disclosed methods yield substantial improvements over the current methods

and can lead to significant improvements in the detection and treatment of a number of



9. The nethod of claim@8, wherein the |light scatter neasurenent is UVALS.
10. The nmethod of claim®6, further conprising collecting direct current
i npedancewoeasurierwgnt s. 11. A net hod of enunerati ng har dPCoASh@s28583 | s in a

bl ood sanpl e conpri si ng: (a) mxigng the bl ood sanple with a ghosting
reagent to renove henoglobin fromred bl ood cells, thereby generating a
ghost ed bl ood sanpl e; (b) evaluating the ghosted bl ood sanple in a

cytometric fllomt g@hblobis.Ped@nheckiilod irc tipirt wilhendarstai thht the ¢hetmiqossdisclosed
measur enent, thereby generating event data; c) i.dentifying
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| oss urenent; reporting the hard-to-ghost cell _
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reporting a % hard-to-ghost cells of total red blood cell population.
explain the principles of the invention and its practical application to thereby enable
others skilled in the art to best utilize the invention in various embodiments and various
modifications as are suited to the particular use contemplated. It is intended that the

appended claims be construed to include other alternative embodiments of the invention

except insofar as limited by the prior art.



WO 2011/ 119163PCT/ US2010/ 028683 -21 - 14. A nethod of detecting an abnornal
popul ati on of hard-to-ghost cells in a patient sanple, conprising:

(a) m xi nyoaotlwew3sanpl e fromthe patient with a ghost iPOT/USe@yBLE683 O
renove henogl obin fromred bl ood cells, 4 hereby generating a ghosted bl ood
sanpl e; (b) evaluating the ghosted bl ood sanple in a cytonetric flow
cell by a detection conprising an axial |ight |oss neasurenent, thereby
generating event data; (c) identifying hard-to-ghost cells using
axi al |ight wassTrgaduxdfEDtSof the event data; (d) enunerating the
har d-t o- ghost cell popul ation using the axial |ight |oss neasurenent; and
(e) determ nAnga@sinatcdnaetintl abraunetatingphbdratto-ghowf cdilr dr tao-bipleds telt shingle
when the nunber of hard-to-ghost cells exceeds a threshold val ue. 15. The
met hod GTURTSHE 14, wherein the abnornal popul ati on of hard-to-ghost cells
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henogl obi nopat hy conprises sic cell anema or
ghosting reagent to remove hemoglobin from red blood cells in the blood cell sample, thereby
generating a ghosted blood cell sample;
(b) passing the ghosted blood cell sample through a cytometric flow cell;
(c) analyzing the ghosted blood cell sample in the cytometric flow cell using two different
optical measurements;
(d) differentiating hard-to-ghost cells in the ghosted blood cell sample from other cells

using the analysis by the two different optical measurements; and

(e) enumerating the hard-to-ghost cells.

2. The method of claim 1, wherein mixing of the blood sample with the nucleic acid-

staining dye and the ghosting reagent is performed separately.
3. The method of claim 1, wherein the stain is fluorescent or non-fluorescent.

4. The method of claim 1, wherein the optical measurement comprises axial light loss,

fluorescence, or light scatter.

5. The method of claim 1, further comprising determining an existence of an abnormal
population of hard-to-ghost cells by comparing the number of hard-to-ghost cells in the blood
cell sample to a threshold value and reporting the number of hard-to-ghost cells that exceeds the

threshold value.

6. A method of detecting hard-to-ghost cells in a blood sample comprising:

(a) mixing the blood sample with a ghosting reagent to remove hemoglobin from red
blood cells, thereby generating a ghosted blood sample;

(b) evaluating the ghosted blood sample in a cytometric flow cell by a detection
comprising an axial light loss measurement, thereby generating event data; and

(c) identifying hard-to-ghost cells using axial light loss measurement of the event data.



thal assem a. 17. A method of analyzing a blood sanple, conprising:
(a) mxing the blood sanple with a ghosting reagent to renove henogl obi n

fromred wWhaod/aeileBs, thereby generating a ghosted bl oo#C3Aarspé16/028683 (b)
neasuring the ghosted bl ood sanple in gcytonetric flow cell by a detection
conprising an axial light |oss nmeasurenent to generate event data;
(c) identifying a hard-to-ghost cell population using the event data, based
on said axial |ight |oss neasurenent; (d) filtering-out the
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8. The method of claim 6, wherein the light scatter measurement comprises upper median
angle light scatter (UMALS), lower median angle light scatter (LMALS), and low angle light
scatter (LALS).

9. The method of claim 8, wherein the light scatter measurement is UMALS.

10.  The method of claim 6, further comprising collecting direct current impedance

measurements.

11. A method of enumerating hard-to-ghost cells in a blood sample comprising:

(a) mixing the blood sample with a ghosting reagent to remove hemoglobin from red
blood cells, thereby generating a ghosted blood sample;

(b) evaluating the ghosted blood sample in a cytometric flow cell by a detection
comprising an axial light loss measurement, thereby generating event data;

(c) identifying hard-to-ghost cells using axial light loss measurement of the event data;

(d) enumerating the hard-to-ghost cell population using the axial light loss measurement;
and

(e) reporting the hard-to-ghost cell population in the blood sample,

12. The method of claim 11, wherein reporting the hard-to-ghost cell population includes
reporting a ratio of the hard-to-ghost cell population to total red blood cells.

13. The method of claim 11, wherein reporting the hard-to-ghost cell population includes
reporting a % hard-to-ghost cells of total red blood cell population.



(b) identifying a hard-to-ghost cell population using the event data, based
on said axial light |oss neasurenent. 19. The conputer readabl e nmedi um of
cl ai m 18, wotrerigitmeBhe met hod further conprises: (c) fil PPeTiusgelomessshe
har d-t o- ghost cell popul ation from sai d% event data; and (d) analyzing
the event data wi thout the hard-to-ghost cell population to identify bl ood
cell distribution patterns. 20.The conputer readable nmedi um of claim 18,
wher ei n14.he meh&ibed boidétbamgcompnbsed population of brdeoighestakllng 4 hatient sample,
har d-t o- ghost cell popul ation using the axial |ight |oss neasurenent; and
\(Aﬁ) deL@{WrFW% exi stence of abnormal popul ation of hard-to-ghost cells
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(c) identifying hard-to- ghost cells using ax1a1 light loss measurement of the event data;

(d) enumerating the hard-to-ghost cell population using the axial light loss measurement;

and

(e) determining existence of abnormal population of hard-to-ghost cells when the number

of hard-to-ghost cells exceeds a threshold value.

15. The method of claim 14, wherein the abnormal population of hard-to-ghost cells is

associated with hemoglobinopathy.

16.  The method of claim 15, wherein hemoglobinopathy comprises sickle cell anemia or
thalassemia.
17. A method of analyzing a blood sample, comprising:

(a) mixing the blood sample with a ghosting reagent to remove hemoglobin from red
blood cells, thereby generating a ghosted blood sample;

(b) measuring the ghosted blood sample in a cytometric flow cell by a detection
comprising an axial light loss measurement to generate event data;

(c) identifying a hard-to-ghost cell population using the event data, based on said axial
light loss measurement;

(d) filtering-out the hard-to-ghost cell population from said event data; and

(¢) analyzing the event data without the hard-to-ghost cell population to identify blood

cell distribution patterns.

18. A computer readable medium storing instructions wherein said instructions when
executed cause at least one processor to analyze a blood sample using a method comprising:
(a) generating event data based on a detection comprising an axial light loss measurement

of a ghosted blood sample in a cytometric flow cell; and



cell; a detector nodule coupled to the at |east one processor and
configured to generate event data based on a detection conprising an axial
| i ght | oswormerasuswaent of a ghosted bl ood sanpl e in thePCras2aeloksesand

an anal yzer nodul e coupled to the at |east one processor and configured to
identify a hard-to-ghost cell population using the event data, based on
said axial light |oss neasurenent. WO 2011/119163PCT/ US2010/028683 - 23 -
24. The syst gB) ¢fendifyahgre 22rd-whehaat telt hepaatadnyasing thedalest ilgafbastdien said axial
configured to: filter-out the hard-to-ghost cell population fromsaid event
dat a; diht loss meagpgng3le t he event data without the hard-to-ghost cel

popul ation to identify blood cell distribution patterns. 25. An autonated
met hod of enunerating hard-to-ghost cells in a blood cell sanple

conpri signg: The compufa yreafakiengedaublof oldiro éB) whermipl the wiethodgurirslceinprises:

i d- st ai ni t. d ' bl pod cel i ni i
26010 and 5 GRLGETRYE CEamH T LR BRI BTR St RS S b Sl s i
the bl ood Ce(h%] aﬁzﬁgﬂhg thd BEMe R} 08mesRthdBard-t6 a5 e Iblparktios!tb iGampy Blood

(b) passing the ghosted blood cell sanple through a cytometric flow cell;
cell distribution patterns.

20.  The computer readable medium of claim 18, wherein the method further comprises:
(c) enumerating the hard-to-ghost cell population using the axial light loss measurement;

and

(d) determining existence of abnormal population of hard-to-ghost cells when the number

of hard-to-ghost cells exceeds a threshold value.

21.  The computer readable medium of claim 18, wherein the method further comprises:

(¢) enumerating the hard-to-ghost cell population using the axial light loss measurement;

and

(d) reporting the hard-to-ghost cell population in the blood sample.
22. A system for analyzing a blood sample, comprising:

at least one processor;

a particle analyzer coupled to the at least one processor and comprising a cytometric flow
cell;

a detector module coupled to the at least one processor and configured to generate event
data based on a detection comprising an axial light loss measurement of a ghosted blood sample

in the flow cell; and
an analyzer module coupled to the at least one processor and configured to identify a

hard-to-ghost cell population using the event data, based on said axial light loss measurement.

23. The system of claim 22, wherein the analyzer module is further configured to enumerate

the hard-to-ghost cell population using the axial light loss measurement.



(c) analyzing the ghosted blood cell sanple in the cytonetric flow cell by

using light scatter and fluorescence neasurenents; (d)

di ff er entwatzongiibmsd- t o- ghost cells fromthe fl uorescen®PCy/uscaoesissel | s

cont ai ni ng nucl ei ¢ acid and ghost ed ceji§_using the anal ysis by the

fluorescence and |ight scatter neasurenents; and (e) enunerating the

hard-to-ghost cells. 26. The method of claim 25, wherein mxing of the bl ood

sanple mM.th Thfgmumiefaa@mtuﬂM&iahﬂkﬂ@ab&mumemdemiﬁmyawamﬁguhﬁtghosting

reagent is perfornmed separately. 27.The t hod ,of clajm25, further
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bl ood cell sanple to a thresho val ue and reporting the nunb

har d- t odighibstioicphttesnd hat exceeds the threshol d val ue. 28. The nmet hod of
claim 27, wherein the abnormal popul ati on of hard-to-ghost cells is
associ ated wi th henogl obi nopat hy. 29. The nethod of claim 28, wherein

hemogl obi nopat hy,cRIRE! Rl 6K|@ufeldtin@NBfido-@host cells in a blood cell sample
comprising:

(a) mixing a blood cell sample with a nucleic acid-staining fluorescent dye to stain the
blood cells containing nucleic acid and a ghosting reagent to remove hemoglobin from red blood
cells in the blood cell sample, thereby generating a ghosted blood cell sample;

(b) passing the ghosted blood cell sample through a cytometric flow cell;

(c) analyzing the ghosted blood cell sample in the cytometric flow cell by using light
scatter and fluorescence measurements;

(d) differentiating hard-to-ghost cells from the fluorescently stained cells containing
nucleic acid and ghosted cells using the analysis by the fluorescence and light scatter
measurements; and

(e) enumerating the hard-to-ghost cells.

26.  The method of claim 25, wherein mixing of the blood sample with the nucleic acid-

staining fluorescent dye and the ghosting reagent is performed separately.

27. The method of claim 25, further comprising determining an existence of an abnormal
population of hard-to-ghost cells by comparing the number of hard-to-ghost cells in the blood
cell sample to a threshold value and reporting the number of hard-to-ghost cells that exceeds the

threshold value.

28,  The method of claim 27, wherein the abnormal population of hard-to-ghost cells is

associated with hemoglobinopathy.

29. The method of claim 28, wherein hemoglobinopathy comprises sickle cell anemia or

thalassemia.



