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Description
BACKGROUND
Field of the Invention

[0001] Thisinvention relates in general to the methods
and systems for analyzing the blood samples using a
particle analyzer, and more particularly to determining
reticulocytes and hard-to-ghost cells.

Background

[0002] Each year, millions of Americans are affected
by blood diseases. Examples of blood pathologies in-
clude 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 ane-
mia (HbS disease), as well as various clotting and bleed-
ing disorders. Blood abnormality can also be a secondary
consequence associated with other conditions, such
HIV/AIDS, malignant tumors, and autoimmune disor-
ders. Most of these conditions have significant morbidity
and mortality and commonly cause severe pain in the
affected patient. Early diagnosis of these disorders is crit-
ical 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 mor-
phology 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 in-
creased hemoglobin content and gas-carrying capacity.
Reticulocytes can be recognized in peripheral blood
smears when a special stain is used to stain their polyr-
ibosome or ribonucleic acid (RNA). Under typical condi-
tions, reticulocytes account for about 1-2% of red blood
cells in a sample. However, during certain periods of
physical need, the reticulocyte count may increase.
[0005] Blood tests can be used to determine physio-
logical and biochemical states, such as disease, mineral
content, drug effectiveness, and organ function. In con-
firming or helping to confirm the diagnosis of diseases
such as, for example, various forms of anemia or acute
internal hemorrhage, the determination of reticulocytes
can be of critical importance.

[0006] Automated reticulocyte analysis can be done
using a particle analyzer such as a flow cytometer or
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hematology analyzer. Example particle analyzers in-
clude, the UniCel® DxH 800 System from Beckman Coul-
ter and XT-2000 from Sysmex Corporation. The prepa-
ration of a blood sample for cytometric flow or hematology
analysis generally involves taking a whole blood sample
and performing one or both the steps of incubating the
sample of blood with a vital stain such as New Methylene
Blue (NMB) and diluting the blood sample with a hypot-
onic acid that clears hemoglobin. The staining precipi-
tates RNA within the erythrocytes. Diluting with a hypo-
tonic acid clears hemoglobin, leaving the stained RNA
within the cells. The process of removing hemoglobin is
commonly referred to as "ghosting." The blood sample,
or portion of it, is then subjected to analysis in a flow cell
of a particle analyzer. Typically, cells in a sheath fluid
pass through a point in the flow cell, one by one, where
they are interrogated by one or more beams of light. Sev-
eral measurements are generated for each passing cell.
The interrogation of a single cell is referred to as a cell
event. Commonly recorded measurements per cell event
include, forward light scatter, axial light loss, and fluores-
cence. Some particle analyzers also collect a direct cur-
rent 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 max-
imum current such that the cell membrane is not perme-
ated and no current flows through the cell, is also known
as Coulter volume or volume.

SUMMARY OF THE INVENTION

[0007] The present application is directed towards the
analysis of particle analyzer data. The present invention
is defined in the claims. In one embodiment, an automat-
ed method of enumerating hard-to-ghost cells which are
defined as cells that retain at least 30% of their original
hemoglobin content following mixing with a ghosting re-
agent in a blood cell sample comprises: mixing a blood
cell sample with a nucleic acid stain and a ghosting rea-
gent to remove hemoglobin from red blood cells, 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 axial light loss meas-
urements thereby generating event data comprising an
axial light loss and a light scatter measurement for each
cell; differentiating hard-to-ghost cells in the ghosted
blood cell sample from other cells using the analysis by
the event data comprising an axial light loss measure-
ment and a light scatter measurement for each cell; and
enumerating the hard-to-ghost cells.

[0008] Furtherfeatures and advantages of the present
invention, as well as the structure and operation of vari-
ous embodiments thereof, are described in detail below
with reference to the accompanying drawings. Itis noted
that the invention is not limited to the specific embodi-
ments described herein. Such embodiments are present-
ed herein for illustrative purposes only. Additional em-
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bodiments will be apparent to persons skilled in the rel-
evant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1is a view of event data from analysis of a blood
sample using a flow cytometer, in two-dimensions.
FIG. 2 illustrates steps in analyzing immature retic-
ulocytes in a blood sample according to an embod-
iment of the present invention.

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

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

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

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

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

FIG. 9 is a system for evaluating immature reticulo-
cytes according to an embodiment of the present
invention.

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, ma-
ture red blood cells 1020, and reticulocytes 1030 are
distinctly differentiated in the view.

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 1010, mature red blood cells 1020, and
reticulocytes 1030 are distinctly differentiated in the
view.

FIG. 10(C) shows a three-dimensional view of the
event data from the analysis of a blood sample from
a patient diagnosed with Thalassemia. Hard-to-
ghost cells 1010, mature red blood cells 1020, and
reticulocytes 1030 are distinctly differentiated in the
view.

FIG. 11 illustrate an average % of "hard-to-ghost"
cells in blood samples drawn from healthy individu-
als.

FIG. 12 illustrate an average % of "hard-to-ghost"
cells in blood samples drawn from patients suffering
from various diseases.
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[0010] The features and advantages of the present in-
vention will become more apparent from the detailed de-
scription 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 elementfirstappearsis indicated by the leftmost
digit(s) in the corresponding reference number.

DETAILED DESCRIPTION

[0011] The present invention relates to particle analy-
sis data processing. While the present invention is de-
scribed 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 ad-
ditional modifications, applications, and embodiments
within the scope thereof and additional fields in which the
invention would be of significant utility.

Overview

[0012] 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 sev-
eral applications. The methods and systems disclosed
herein yield animproved automated measure of cell pop-
ulations in a blood sample. In one embodiment, the hard-
to-ghost cells are differentiated and enumerated using
methods provided herein.

[0013] Exemplary environmentsin which this invention
may be practiced include particle analyzers, such as
Beckman Coulter's UniCel® DxH 800 System. The Uni-
Cel® DxH 800 System, for example, uses the Coulter
proprietary Volume, Conductivity, and LightScatter
(VCS) technology to evaluate hydrodynamically focused
cells within a flow cell. VCS uses three independent en-
ergy sources that work in concert with each other for cell
measurement: a low frequency direct current power
source to measure volume; a high frequency power
source to measure conductivity, and a laser light source
to measure scatter. The volume measurement is per-
formed using the Coulter principle of electrical imped-
ance to physically measure the volume that the entire
cell displaces in an isotonic diluent. This method accu-
rately sizes all cell types regardless of their orientation
in the light path. Alternating current in the radio frequency
(RF) range short circuits the bipolar lipid layer of a cell’'s
membrane, allowing the energy to penetrate the cell. This
powerful method is used to collect information about cell
size and internal structure, including chemical composi-
tion and nuclear volume. A laser and multiple-angle light
scatter detectors provide information about a cell’s inter-
nal structure, granularity, and surface morphology. In ad-
dition, VCS devices use the highly accurate DC meas-
urement of volume to obtain other measurements that
are adjusted for cell size from conductivity and scatter.
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It should be noted, however, that the teachings in this
disclosure are not limited to devices using VCS technol-
ogy.

[0014] 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 se-
lected 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 sep-
aration 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 test-
ing 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 vol-
ume measurements above line 124 and light scatter (of-
ten used in the form of log of light scatter) value less than
line 122 correspond to either erythrocytes or reticulo-
cytes. In existing systems, the reticulocyte population can
also be gated, for example, by a line such as line 130.
The events to the right of line 130 are reticulocytes,
whereas the events to the left of line 130 are mature red
cells.

Analyzing Reticulocytes

[0015] In one aspect, methods for analyzing reticulo-
cytes in a blood sample are presented. FIG. 2 is a flow-
chart of steps in evaluating reticulocytes according to an
embodiment ofthe presentinvention. In step 202, a blood
sample is prepared for analysis in a particle analyzer.
Preparation can include ghosting the blood sample
and/or staining the sample with a suitable dye or stain.
FIG. 3 illustrates preparation step 202 in further detail,
according to one embodiment. In step 302, the blood
sample can be combined with a vital stain to further de-
lineate reticulocytes. For example, a non-fluorochrome
dye that precipitates intracellular ribonucleic acid (RNA)
of the reticulocyte can be used. Examples of suitable
stains include, but are not limited to, New Methylene Blue
(known as Reagent A of the Coulter Retic Pak™), Ox-
azine 750, and Brilliant Cresyl Blue. RNA, having been
precipitated, will have higher density which will enhance
the delineation of the RNA content in each cell. Using a
non-fluorescent dye to measure reticulocytes has the
added advantage to allow the blood sample to be further
analyzed for other constituents by utilizing a fluorescent
dye, if desired. Examples of suitable fluorescent dyes
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include, but are not limited to, thiazole orange and
polymethine. Additional preparatory steps are possible
in various embodiments of the present invention. For ex-
ample, in some embodiments a fluorescent dye can be
combined with the blood sample to measure additional
properties of the sample using a fluorescence measure.
[0016] To further effectuate the examination of a com-
position of a blood sample, the blood sample can be com-
bined with a reagent such as, for example, a reticulocyte
ghosting solution having potassium thiocyanate and sul-
furic acid (step 304). This type of ghosting reagent can
be obtained as a commercial product known as Reagent
B of the Coulter Retic Pak™. Other ghosting reagents
known to those skilled in the art can be used. The ghost-
ing process releases the hemoglobin in red blood cells,
resulting in ghosted cell. The term "ghosted cell", as used
herein, refers to a red blood cell that has more than 70%
of its hemoglobin content removed. Preferably, the cell
has more than 90% and even more preferred has more
than 95% of the hemoglobin removed. In other words,
the ghosted cell retains less than 30% of its original he-
moglobin. The reduction of the hemoglobin content en-
hances the definition of the reticulum to permit cytometric
flow determination of the reticulocytes. More specifically,
the reduction in hemoglobin content of the red blood cells
enables the differentiation of the reticulocytes from the
mature RBC when measuring by a non-fluorescent meth-
od comprising light scatter and DC.

[0017] In addition to facilitating the release of hemo-
globin, the ghosting process can also sphere the red
blood cells giving the cells a more regular shape, and
thereby permitting more predictable light scatter meas-
urements. The native reticulocyte has an irregular shape
which produces unpredictable light scatter information
when subjected to a light beam. The sphering of the red
blood cell provides reproducible light scatter information
which forms the basis for determining the reticulocytes
in the sample. In some embodiments, it might be advan-
tageous to combine the blood sample with a sphering
agent. The sphering agentis used in an amount effective
to cause the reticulated erythrocytes and red blood cells
to isovolumetrically sphere to eliminate orientation arti-
facts in analysis of the reticulocytes. In some embodi-
ments, the sphering reagent is a zwitterionic surfactant
which isovolumetrically spheres the red blood cells. Ex-
amples of sphering agents suitable for the presentinven-
tion include, but are not limited to, lauroamidopropyl-
betaine, cocoamidopropylbetaine and cocoamidosulfo-
betaine.

[0018] It has been previously found that the ghosting
process is affected by temperature. Temperatures below
55°F. appear to retard the ghosting process and longer
time periods are necessary to permit the ghosting proc-
ess to occur. In some embodiments, the blood sample
will be mixed with the ghosting solution at a temperature
of at least 55° for approximately 30 seconds. In one em-
bodiment, ghosting of blood sample will be conducted at
106° F. (41° C.).
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[0019] In some embodiments, the pH of the ghosting
solution should be not higher than 3.0. In one embodi-
ment, 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 re-
moval from the blood cell. It has been noted that when
utilizing potassium thiocyanate, sulfuric acid is the pre-
ferred acid to be utilized in the combination. The preferred
concentration for the potassium thiocyanate is approxi-
mately from 1.0 to 6.0 grams per liter, and for the sulfuric
acid is approximately from 0.7 to 3.0 grams per liter.
[0020] The osmotic pressure of the ghosting solution
should be controlled so thatthereis arapid, but controlled
swelling of the blood cell. The osmotic pressure of the
ghosting solution should be at least about 75 millios-
moles. The osmotic pressure causes the blood cell to
swell and release the hemoglobin within thirty (30) sec-
onds of mixing with the ghosting solution. If the osmotic
pressure is less than about 75 milliosmoles, then the
blood cell will not retain an intact cell membrane and will
lyse. More specifically, lower osmotic pressure results in
red cells that are damaged so that reticulocyte enumer-
ation is not reliable. If the osmotic pressure is not suffi-
cient, the blood cells will retain hemoglobin which will
obscure reticulocyte differentiation. In some embodi-
ments, the osmotic pressure of the ghosting solution will
range from about 75 to about 110 milliosmoles. In other
embodiments, the osmotic pressure of the ghosting so-
lution will be in the range of about 82 to about 105 mil-
liosmoles.

[0021] Returning to FIG. 2, in step 204, the blood sam-
ple is analyzed using a particle analyzer. In one embod-
iment, the particle analyzer is a hematology analyzer.
For example, the blood sample, or a portion of it, is in-
troduced into the particle analyzer. Under hydrodynamic
pressure, the blood sample flows, cell by cell, through a
flow cell. Within the flow cell, several parameters of the
individual cells are measured. For example, particle an-
alyzers using the VCS technology can perform the volu-
metric sizing of a cell, conductivity of a cell, and light
scatter, simultaneously for each cell. FIG. 4 is a flowchart
of step 204 in further detail, according to an embodiment
of the present invention.

[0022] In step 402, the blood sample prepared in step
202, is introduced into a flow cell for analysis. In step
404, in one embodiment, the sample is interrogated by
energy from three independent sources as it flows, cell
by cell, through an interrogation point in the flow cell. In
step 406, the light scatter measurement is recorded for
each cell event. As the RNA content decreases with the
maturity of the reticulocyte, it can be expected that the
light scatter measurement decreases. Several measure-
ments of light scatter can be available, for example, and
without limitation, include forward light scatter measure-
ments. Forward scatter measures the light that passes
through the cell being interrogated and that is deflected
from the axis of the beam of light. Examples of forward
light scatter include, but are not limited to, lower median
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angle light scatter (LMALS), upper median angle light
scatter (UMALS), and low angle light scatter (LALS). The
LMALS refers to light scattered at an 9°-19° angle from
the axis of the beam, UMALS refers to light scattered at
an 20°-43° angle from the axis of the beam, and LALS
refers to light scattered at approximately 5.1° angle from
the axis of the beam. Another light scatter measurement,
side angle light scatter (SALS), can measure light scat-
tered at 90° angle. In some embodiments, the analyses
of blood sample will include a measurement of axial light
loss (ALL). ALL is the amount of light lost at about 0° to
0.5° angle relative to the axis of the beam.

[0023] Instep 408, another measurement thatis indic-
ative of reticulocyte maturity is collected. For example,
in one embodiment of the present invention, the size of
the cell can be measured. The size of the cell is known
to decrease with the maturity of the reticulocyte, in gen-
eral, as the RNA content decreases. As an example, the
size of the cell, or cell volume, can be measured using
the DC measurement. The peak amplitude of the DC
pulse is a function of cell volume. Other measurements
indicative of reticulocyte maturity, including direct or in-
direct ways of measuring the volume of the cell, can be
used in this step. For example, fluorescence measure-
ment to indicate the amount of RNA in the cell, or other
modes of measuring cell volume can be used. As another
example, forward scatter can also be used to indicate
cell size.

[0024] Returning to FIG. 2, in step 206 a reticulocyte
population is identified from the entire cell event popula-
tion. Scatter plots of the event data, using various axis,
help identify blood cell distribution patterns. As an exam-
ple, the event data can be visualized in a scatter plot,
such as, for example, FIG. 1, where the light scatter is
on the x-axis and volume (DC) is on the y-axis. As indi-
cated earlier with respect to FIG. 1, the reticulocyte pop-
ulation 104 can be identified separately from erythrocytes
102, platelets 108 and white cells 106. The accuracy of
the reticulocyte population is dependent particularly on
how definitively line 130 separating the reticulocytes from
the red cells can be determined. For example, in one
embodiment, while line 130 can be superimposed on the
scatter plot 100 based on threshold light scatter and vol-
ume measurement values derived empirically from pre-
vious 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.

[0025] Returning yet again to FIG. 2, in step 207, one
or more reticulocyte measures can be reported. In one
embodiment the reticulocyte fraction is reported as the
ratio of a predetermined number of regions defined on
the mapping function to the entire red blood cell popula-
tion. In another embodiment reticulocytes can be report-
ed as a percentage or absolute number. Reporting in-
volves outputting one or more measurements to adisplay
or other output device such as a computer file.
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Detecting Hard-to-Ghost Cells

[0026] In one aspect, the method of the present inven-
tion allows for the accuracy of reticulocyte detection that
is reported to be improved with having more accurate
sample data based on which to compute reticulocyte in-
formation. It has been observed, in some blood samples,
that after the initial ghosting process some cells remain
that were either not ghosted or were only partially ghost-
ed, i.e., "hard-to-ghost" cells. For the purposes of the
present invention, the term "hard-to-ghost cell" will refer
to a cell which has retained at least 30% of its original
hemoglobin content. In other words, the hard-to-ghost
cell has less than 70% of its original hemoglobin re-
moved. Preferably, the cell has more than 50% and even
more preferred has more than 70% of the original hemo-
globin content. The ghosting process, for example, by
combining a hypotonic acid solution with the blood sam-
ple, is intended to clear hemoglobin from the cells. With-
out ghosting or with inefficient ghosting (i.e., when the
cells lose less than 30% of their hemoglobin content),
erythrocytes may not clearly differentiate from reticulo-
cytes. Another view of the difference from ghosted cells
compared to hard-to-ghost cells can be seen in FIG. 6
which shows population 610 of the hard-to-ghost cells
being positioned in upper portion of the scatter plot of
axial light loss versus UMALS. When hard-to-ghost cells
are present in the blood sample, and the blood sample
is analyzed using light scatter and DC, the differentiation
of the reticulocytes from the mature red cells can fail be-
cause 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.

[0027] FIGS. 5(A) and 5(B) show the contrast present-
ed 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 hard-to-ghost
cell events. The boundary 510 shows the location of a
hard-to-ghost cell event population. FIG. 5(B) shows the
same event population after hard-to-ghost cell events,
including the population defined by boundary 510, are
removed. In both FIGS. 5(A) and 5(B), the events below
boundary 530 correspond to platelets and the events to
the right of boundary 520 correspond to white blood cells.
As can be seen by the location of the boundary 510, the
hard-to-ghost cell event population spans the separation
of the mature red blood cell population and the reticulo-
cyte population, thereby making it difficult to clearly dis-
tinguish between mature red blood cells and reticulo-
cytes. In contrast, when the hard-to-ghost cell event pop-
ulation is removed, as shown in FIG. 5(B), a clear bound-
ary 511 can be defined between the mature red blood
cells and reticulocytes. A visual comparison of FIGS. 5(A)
and 5(B) illustrates the difficulty in identifying and sepa-
rating the mature red cells from reticulocytes when hard-
to-ghost cells are present.
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[0028] In this embodiment, the axial light loss meas-
urement enables the discrimination of the hard-to-ghost
population from the rest of the sample. It has been un-
expectedly found by the inventors of the present inven-
tion that the same event population that cannot identify
the hard-to-ghost population based on the conventionally
used light scatter measurement, can now distinguish the
population using an axial light loss measurement. For
example, 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. Using ALL,
hard-to-ghost cell events can be clearly identified, as
shown by the area within the boundary 610.

[0029] FIGS. 7(A-C) illustrate the hard-to-ghost cell
event removal of another blood sample using ALL in an
embodiment of the present invention. Scatter plot 710
shows the generally used UMALs and DC. In scatter plot
710, hard-to-ghost cells are present (as shown within
boundary 711), but cannot be clearly distinguished from
other red blood cells. However, when the same data is
shown in scatter plot 720, having axial light loss (ALL)
and UMALS as axis, the ability to detect hard-to-ghost
cellsis vastly improved. Based on ALL, the hard-to-ghost
population 721 is clearly discernible from the other event
populations.

[0030] Inoneembodimentof the presentinvention, the
cell events corresponding to the hard-to-ghost population
can be filtered-out, and the remaining cell events can be
displayed in scatter plot, for example such as 730, using
UMALS axis and DC axis. Filtering-out cell events cor-
responding to the hard-to-ghost population can be ac-
complished by gating the hard-to-ghost population either,
automatically based on, for example, threshold ALL and
UMALS values determined empirically, or with manual
operator assistance. A visual comparison of scatter plots
730 and 710 illustrates the clearer distinction between
the mature red blood cell population to the left of bound-
ary 731 and the reticulocyte population to the right of
boundary 731.

[0031] As shown in FIG. 6 (specifically the area within
boundary 610) and FIGS. 7(A-C) (specifically the area
within boundary 721), when using ALL, hard-to-ghost
cells can be identified as a distinct population from other
populations such as mature red blood cells, reticulocytes,
platelets and white blood cells. The hard-to-ghost cells
generally display a higher ALL than other blood cell types
except for white blood cells. White blood cells can be
distinguished due to their high light scatter measure-
ments relative to other blood cell types. The high ALL of
the hard-to-ghost cell population can be attributed to the
relatively high light absorption of hemoglobin. At a laser
wavelength of 488nm (the wavelength used in the particle
analyzer that yielded results shown in FIGS. 5(A), 5(B),
6and 7(A-C)) hemoglobin displays very high optical ab-
sorption that leads to a high level of ALL. In general,
hemoglobin shows increased absorption of light when
the light is between 400-500nm wavelength.

[0032] Detection of the hard-to-ghost cells in a blood
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sample being analyzed can be accomplished by the em-
bodiment of the present invention shown in FIG. 8. In
FIG. 8, step 202 of FIG. 2 is further dissected to include
steps to detect hard-to-ghost cells. In step 802, a pre-
pared blood sample, i.e., a sample having been ghosted
and stained, can be introduced to a flow cell for analysis.
In step 804, the sample is interrogated, cell by cell, using
measurements including a light beam as explained with
respect to FIG. 2 above. In step 806, the ALL measure-
ment is collected, along with one or more light scatter
measurements in step 810. Descriptions of the light scat-
ter measurement can be found above with respect to
FIG. 2.

[0033] In one embodiment, once the hard-to-ghost
cells are detected, this event data can be used to more
accurately analyze reticulocytes. For example, the hard-
to-ghost cell population 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 general, the
removal of the hard-to-ghost cell event population would
increase the accuracy of most parameters reported con-
cerning red blood cells and/or reticulocytes. Calculation
and reporting of reticulocyte information is described
above with respect to FIG. 2.

Enumerating Hard-to-Ghost Cells

[0034] One aspect of the present invention is con-
cerned with enumerating the hard-to-ghost cells in the
blood sample. It has been unexpectedly discovered by
the inventors of the present invention that there exists a
correlation between the hard-to-ghost cell population in
a blood sample and a blood pathology. Specifically, it
has been found that the number of hard-to-ghost cells is
increased in analyzed blood samples collected from pa-
tients suffering from various diseases, examples of which
include, but are not limited to, diseases such as hemo-
globinopathies, (e.g., sickle cell anemia and Thalassem-
ia), hematological malignancies (e.g., leukemias and
lymphomas), clotting and bleeding disorders, as well as
HIV/AIDS, malignant tumors, and autoimmune disor-
ders. In addition, further information can be obtained
about these diseases when comparing the position of the
hard-to-ghost cells in the scattergram to normal samples.
Returning to FIG. 8, following the detection, hard-to-
ghost cells can be enumerated, as in step 813. Counting
or enumerating of cells is a well-established technique
for well-defined cell 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
embodimenthard-to-ghost cells can be reported as a per-
centage or absolute number. Said value can be used as
a research use only (RUO) parameter, or can be devel-
oped into an in vitro diagnostic (IVD) parameter. FIGS.
10 (A-C) illustrate the difference in size of hard-to-ghost
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cell populations 1010 in blood samples derived from a
healthy individuals (FIG. 10(A)) and from patients suffer-
ing 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 deter-
mined that blood samples from patients suffering from a
number of certain pathologies contain an increased pop-
ulation of hard-to-ghost cells (illustrated in FIG. 12). Such
pathologies include renal failure, liver cancer, HIV, sickle
cell anemia, and thalassemia. The % hard-to-ghost cells
of a total RBC population in a blood sample of a patient
with a certain diagnosed disease state is increased at
least 10-fold from the hard-to-ghost cell population size
of a healthy individual. In some blood samples, the hard-
to-ghost cell population of a patient suffering from a dis-
ease or disorder is at least 100-fold greater than that of
a healthy individual. The discovery of this trend by the
inventors of the present invention can be useful in deter-
mining existence of abnormal population of hard-to-ghost
cells, which may further be related to a presence of cer-
tain pathologies.

[0035] Alternate methods can be employed to enumer-
ate hard-to-ghost cells. More particularly, one skilled in
the art can analyze a blood sample by ghosting the sam-
ple and measuring cell by cell hemoglobin of the blood
cell sample using light scatter measurement as known
to those skilled in the art. Those cells which have at least
30% of the original hemoglobin are considered hard-to-
ghost cells. In other words, the hard-to-ghost cells will
have greater light scatter than a ghosted cells in the scat-
tergram. In this alternate method, one skilled in the art
could also employ a fluorescent dye to differentiate the
reticulocytes from the hard-to-ghost cells.

[0036] It will be understood by a skilled artisan that 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 cor-
related 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 pa-
tient 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 symp-
toms, 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
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100-fold.
System to determine blood cell information

[0037] FIG. 9 shows a system to analyze blood sam-
ples according to an embodiment of the present inven-
tion. A particle analyzer 910 is coupled using link 940 to
a computer 901. Computer 901 is optionally coupled us-
ing link 950 to a display 920, and/or an external storage
device 921. Computer 901 can include a processor 902,
a memory 903, an internal storage 904, an input module
905, an output module 906, and a reticulocyte module
907. Reticulocyte module 907 can include a detector
module 961, an analyzer module 963, a differentiator
module 965, and a reporter module 967.

[0038] 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 con-
nection such as peripheral componentinterconnect (PCl)
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.

[0039] The event data, subsequent to any processing
within computer 901, is then presented to a user on dis-
play 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.
[0040] Processor902 can execute instructions thaten-
able the processing of modules 905, 906 and 907. Inter-
nal memory 903 provides the temporary memory re-
quired 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 instruc-
tions and/or program code of modules including the com-
ponent modules of reticulocyte module 907, in the forms
including computer readable program code.

[0041] Input module 905 receives the event data gen-
erated 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, using link
950. Link 950 can be an device-internal connection such
as PCI, or a network connection. Display 920 can be a
display device that is customized for the viewing of par-
ticle analyzer data, a generic display, or any other means
capable of outputting results of the particle analysis.
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[0042] The detector module 961 can include the in-
structions for determining measurements or parameters
of cell events as they pertain to side scatter including
UMALS, forward scatter, axial light loss, and DC. Note
that every embodiment of the present invention may not
have access to all of the measurements above. There
may be some configuration required on particle analyzer
910 to enable the collection of all of the above measure-
ments.

[0043] 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.

[0044] Differentiator module 965 can include instruc-
tions 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 retic-
ulocyte maturity measurement such as volume, to differ-
entiate the mature from the immature reticulocytes.
[0045] Reporter module 967 includes the instruction
enabling computer 901 to display scatter plots to display
920, and also to report useful quantifications of the retic-
ulocytes in the blood sample. The reticulocyte fraction or
the reticulocyte percentage are some quantifications that
can be reported by reporter module 967. Reporter mod-
ule 967 can also include instructions to reportinformation
about hard-to-ghost cell populations.

[0046] 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 sub-
stantial improvements over the current methods and can
lead to significant improvements in the detection and
treatment of a number of blood pathologies. Persons
skilled in the art will understand that the techniques dis-
closed herein can be applicable for cell types other than
erythrocytes as described here.

Claims

1. A method of detecting hard-to-ghost cells, which are
defined as cells that retain at least 30% of their orig-
inal hemoglobin content following mixing with a
ghosting reagent, in a blood sample comprising:

(a) mixing the blood sample with a ghosting re-
agent to remove hemoglobin from red blood
cells, thereby generating a ghosted blood sam-
ple;

(b) evaluating the ghosted blood sample in a cy-
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tometric flow cell by a detection comprising an
axial light loss measurement and a light scatter
measurement, thereby generating event data
comprising an axial light loss and a light scatter
measurement for each cell; and

(c) identifying hard-to-ghost cells using the
event data comprising an axial light loss meas-
urement and a light scatter measurement for
each cell.

The method of claim 1, wherein the identification of
the hard-to-ghost cells using the axial light loss
measurement comprises comparing the axial light
loss measurement against a first threshold and a
light scatter measurement against a second thresh-
old, wherein the hard-to-ghost cells are identified as
having an axial light loss measurement greater than
the first threshold and a light scatter measurement
lower than the second threshold.

The method of claim 1, wherein the light scatter
measurement comprises or is selected from upper
median angle light scatter (UMALS), lower median
angle light scatter (LMALS), and low angle light scat-
ter (LALS).

The method of claim 1, further comprising collecting
direct current impedance measurements.

The method of claim 1 used for enumerating hard-
to-ghost cells in a blood sample and further compris-

ing:

(d) enumerating the hard-to-ghost cell popula-
tion using the event data comprising an axial
lightloss measurement and a light scatter meas-
urement for each cell; and

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

The method of claim 5, wherein reporting the hard-
to-ghost cell population includes reporting a ratio of
the hard-to-ghost cell population to total red blood
cells or reporting a % hard-to-ghost cells of total red
blood cell population.

The method of claim 1 used for detecting an abnor-
mal population of hard-to-ghost cells in a patient
sample, comprising:

(a) mixing a blood sample from the patient 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 cy-
tometric flow cell by a detection comprising an
axial light loss measurement and a light scatter
measurement, thereby generating event data
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comprising an axial light loss and a light scatter
measurement for each cell;

(c) identifying hard-to-ghost cells using axial
lightloss measurementand a light scatter meas-
urement of the event data;

(d) enumerating the hard-to-ghost cell popula-
tion using the axial light loss measurement and
a light scatter measurement; and

(e) determining existence of abnormal popula-
tion of hard-to-ghost cells when the number of
hard-to-ghost cells exceeds a threshold value.

The method of claim 7, wherein the abnormal pop-
ulation of hard-to-ghost cells is associated with he-
moglobinopathy, optionally wherein hemoglobinop-
athy comprises sickle cell anemia or thalassemia.

The method of claim 1 used for analyzing a blood
sample, comprising:

(a) mixing the blood sample with a ghosting re-
agent to remove hemoglobin from red blood
cells, thereby generating a ghosted blood sam-
ple;

(b) measuring the ghosted blood sample in a
cytometric flow cell by a detection comprising
an axial lightloss measurement and a light scat-
ter measurement to generate event data com-
prising an axial light loss measurement and a
light scatter measurement for each cell;

(c) identifying a hard-to-ghost cell population us-
ing the event data, based on said axial light loss
measurement and a light scatter measurement;
(d) filtering-out the hard-to-ghost cell population
from said event data; and

(e) analyzing the event data without the hard-to-
ghost cell population to identify blood cell distri-
bution patterns.

10. 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 comprising an axial
lightloss measurementand a light scatter meas-
urement for each cell based on a detection com-
prising an axial light loss measurement and a
light scatter measurement of a ghosted blood
sample in a cytometric flow cell; and

(b) identifying a hard-to-ghost cell population
which are defined as cells that retain at least
30% of their original hemoglobin content follow-
ing mixing with a ghosting reagent, using the
event data, based on said axial light loss meas-
urement and light scatter measurement.

11. The computerreadable medium of claim 10, wherein
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the method further comprises:

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

(d) analyzing the event data without the hard-to-
ghost cell population to identify blood cell distri-
bution patterns; or wherein the method further
comprises:

(c) enumerating the hard-to-ghost cell pop-
ulation using the axial light loss measure-
ment and a light scatter measurement;
and

(d) determining existence of abnormal pop-
ulation of hard-to-ghost cells when the
number of hard-to-ghost cells exceeds a
threshold value; or wherein the method fur-
ther comprises:

(c) enumerating the hard-to-ghost cell
population using the axial light loss
measurement and light scatter meas-
urement;

and

(d) reporting the hard-to-ghost cell pop-
ulation in the blood sample.

12. 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 da-
ta comprising an axial light loss measurement
and a light scatter measurement for each cell
based on a detection comprising an axial light
loss measurement and a light scatter measure-
ment 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 which is defined as cells
that retain at least 30% of their original hemo-
globin content following mixing with a ghosting
reagent using the event data, based on said ax-
ial light loss measurement and light scatter
measurement.

13. Thesystem ofclaim 12, wherein the analyzer module

is further configured to enumerate the hard-to-ghost
cell population using the axial light loss measure-
ment and a light scatter measurement; or wherein
the analyzer module is further configured to:

filter-out the hard-to-ghost cell population from
said event data; and
analyze the event data without the hard-to-ghost

10

15

20

25

30

35

40

45

50

55

10

cell population to identify blood cell distribution
patterns.

14. An automated method of enumerating hard-to-ghost

cells which are defined as cells that retain at least
30% of their original hemoglobin content following
mixing with a ghosting reagent, ina blood cell sample
comprising:

(a) mixing a blood cell sample with a nucleic acid
stain and a ghosting reagent to remove hemo-
globin from red blood cells in the blood cell sam-
ple, 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
axial light loss measurements thereby generat-
ing event data comprising an axial light loss and
a light scatter measurement for each cell

(d) differentiating hard-to-ghost cells in the
ghosted blood cell sample from other cells using
the analysis by the event data comprising an
axial light loss measurement and a light scatter
measurement for each cell ; and

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

15. The method of claim 14, wherein mixing of the blood

sample with the nucleic acid-staining dye and the
ghosting reagent is performed separately; or where-
in the stain is fluorescent or non-fluorescent, or fur-
ther comprising determining an existence of an ab-
normal population of hard-to-ghost cells by compar-
ing 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.

Patentanspriiche

1.

Verfahren zum Erkennen von Hart- bis Ghost-Zellen,
die als Zellen definiert werden, die in einer Blutprobe
mindestens 30 % ihres urspriinglichen Hamoglobin-
gehalts erhalten, nachdem sie mit einem Ghost-Re-
agenz vermischt wurden; umfassend:

(a) das Vermischen der Blutprobe mit einem
Ghost-Reagenz, um Hamoglobin aus roten Blut-
zellen zu entfernen und so eine Ghost-Blutprobe
Zu erzeugen;

(b) die Auswertung der Ghost-Blutprobe in einer
zytometrischen Flusszelle durch eine Erken-
nung, umfassend eine Axiallichtverlustmessung
und eine Streulichtmessung, wodurch Ereignis-
daten erzeugt werden, die einen Axiallichtver-
lust und eine Streulichtmessung fir jede Zelle
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umfassen; und

(c) die Identifizierung von Hart- bis Ghost-Zellen
mithilfe der Ereignisdaten, die eine Axiallichtver-
lustmessung und eine Streulichtmessung fiir je-
de Zelle verwenden.

Das Verfahren nach Anspruch 1, wobei die Identifi-
zierung der Hart- bis Ghost-Zellen mithilfe der Axi-
allichtverlustmessung den Vergleich der Axiallicht-
verlustmessung mit einem ersten Grenzwert und ei-
ner Streulichtmessung mit einem zweiten Grenzwert
umfasst, wobei die Hart- bis Ghost-Zellen identifi-
ziert werden als solche Zellen, bei denen die Axial-
lichtverlustmessung hoher ist als der erste Grenz-
wert und die Streulichtmessung niedriger als der
zweite Grenzwert.

Das Verfahren nach Anspruch 1, wobei die Streu-
lichtmessung Folgendes umfasst oder aus den Fol-
genden ausgewahlt ist: oberer Medianstreulichtwin-
kel (engl.: upper median angle light scatter, UMALS),
unterer Medianstreulichtwinkel (engl.: lower median
angle light scatter, LMALS) und niedriger Streulicht-
winkel (engl. low angle light scatter, LALS).

Das Verfahren nach Anspruch 1, weiter umfassend
die Erfassung direkter Stromimpedanzmessungen.

Das Verfahren nach Anspruch 1, verwendet fiir die
Auszahlung der Hartbis Ghost-Zellen in einer Blut-
probe, und weiterhin umfassend:

(d) die Auszahlung der Hart- bis Ghost-Zellpo-
pulation mithilfe der Ereignisdaten, die eine Axi-
allichtverlustmessung und eine Streulichtmes-
sung fir jede Zelle umfassen; und

(e) den Bericht der Hart- bis Ghost-Zellpopula-
tion in der Blutprobe.

Das Verfahren nach Anspruch 5, wobei das Erfassen
in einem Bericht der Hart- bis Ghost-Zellpopulation
den Bericht Gber ein Verhaltnis der Hart- bis Ghost-
Zellpopulation zur Gesamtzahl der roten Blutkérper-
chen oder einen Bericht mit einem Prozentsatz an
Hart- bis Ghost-Zellen an der Gesamtzahl der roten
Blutkdrperchen enthalt.

Das Verfahren nach Anspruch 1, verwendet fiir das
Erkennen einer anormalen Population von Hart- bis
Ghost-Zellen in einer Blutprobe, umfassend:

(a) das Vermischen einer Blutprobe eines Pati-
enten mit einem Ghost-Reagenz, um Hamoglo-
bin aus roten Blutzellen zu entfernenund so eine
Ghost-Blutprobe zu erzeugen;

(b) die Auswertung der Ghost-Blutprobe in einer
zytometrischen Flusszelle durch eine Erken-
nung, umfassend eine Axiallichtverlustmessung
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1"

und eine Streulichtmessung, wodurch Ereignis-
daten erzeugt werden, die einen Axiallichtver-
lust und eine Streulichtmessung fir jede Zelle
umfassen;

(c) die Identifizierung von Hart- bis Ghost-Zellen
mithilfe einer Streulichtmessung fir die Ereig-
nisdaten;

(d) die Auszahlung der Hart- bis Ghost-Zellpo-
pulation mithilfe der Axiallichtverlustmessung
und einer Streulichtmessung; und

(e) das Bestimmen des Vorliegens einer anor-
malen Population von Hart- bis Ghost-Zellen,
wenn die Anzahl der Hart- bis Ghost-Zellen ei-
nen Grenzwert Uberschreitet.

8. DasVerfahren nach Anspruch 7, wobeidie anormale

Population der Hart- bis Ghost-Zellen mit einer Ha-
moglobinopathie verbunden ist, wobei die Hdmog-
lobinopathie optional eine Sichelzellenanamie oder
Thalassdmie umfasst.

Das Verfahren aus Anspruch 1, verwendet fiir die
Analyse einer Blutprobe, umfassend:

(a) das Vermischen der Blutprobe mit einem
Ghost-Reagenz, um Hamoglobin aus roten Blut-
zellen zu entfernen und so eine Ghost-Blutprobe
Zu erzeugen;

(b) das Messen der Ghost-Blutprobe in einer zy-
tometrischen Flusszelle durch eine Erkennung,
umfassend eine Axiallichtverlustmessung und
eine Streulichtmessung zur Erzeugung von Er-
eignisdaten, die einen Axiallichtverlust und eine
Streulichtmessung fir jede Zelle umfassen;

(c) die Identifizierung einer Hart- bis Ghost-Zell-
population mithilfe der Ereignisdaten basierend
auf der besagten Axiallichtverlustmessung und
Streulichtmessung;

(d) das Herausfiltern der Hart- bis Ghost-Zellpo-
pulation aus den besagten Ereignisdaten; und

(e) die Analyse der Ereignisdaten ohne die Hart-
bis Ghost-Zellpopulation, um Verteilungsmuster
flr Blutkorperchen zu identifizieren.

10. Computerlesbares Medium zur Speicherung von

Anweisungen, wobei die genannten Anweisungen
bei ihrer Ausfliihrung mindestens einen Prozessor
dazuveranlassen, eine Blutprobe mithilfe eines Ver-
fahrens zu analysieren, das Folgendes umfasst:

(@) das Erzeugen von Ereignisdaten
einschlieBlich einer Axiallichtverlustmessung
und einer Streulichtmessung fir jede Zelle auf
der Basis einer Feststellung umfassend eine
Axiallichtverlustmessung und eine Streulicht-
messung einer Ghost-Blutprobe in einer zyto-
metrischen Flusszelle; und

(b) die Identifizierung einer Hart- bis Ghost-Zell-
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population, die als Zellen definiert werden, die
mindestens 30 % ihres urspringlichen Hamog-
lobingehalts nach dem Mischen mit einem
Ghost-Reagenz erhalten, unter Verwendung
der Ereignisdaten, die auf besagter Axiallicht-
verlustmessung und Streulichtmessung beru-
hen.

11. Das computerlesbare Medium nach Anspruch 10,

wobei das Verfahren weiterhin umfasst:

(c) das Herausfiltern der Hart- bis Ghost-Zellpo-
pulation aus den besagten Ereignisdaten; und
(d) die Analyse der Ereignisdaten ohne die Hart-
bis Ghost-Zellpopulation, um Verteilungsmuster
fur Blutkdrperchen zu identifizieren; oder wobei
das Verfahren weiterhin Folgendes umfasst:

(c) die Auszahlung der Hart- bis Ghost-Zell-
population mithilfe der Axiallichtverlustmes-
sung und einer Streulichtmessung;

und

(d) das Bestimmen des Vorliegens einer
anormalen Population von Hart- bis Ghost-
Zellen, wenn die Anzahl der Hart- bis Ghost-
Zellen einen Grenzwert Uberschreitet, oder
wobei das Verfahren weiterhin Folgendes
umfasst:

(c) die Auszahlung der Hart- bis Ghost-
Zellpopulation mithilfe der Axiallicht-
verlustmessung und der Streulicht-
messung;

und

(d) den Bericht der Hart- bis Ghost-Zell-
population in der Blutprobe.

12. System zur Analyse einer Blutprobe, umfassend:

mindestens einen Prozessor;

einen Partikelanalysator, der mit dem mindes-
tens einen Prozessor gekoppeltist, und eine zy-
tometrische Flusszelle umfasst;

ein Detektormodul, das mit dem mindestens ei-
nen Prozessor gekoppelt und dazu konfiguriert
ist, Ereignisdaten einschlief3lich einer Axiallicht-
verlustmessung und einer Streulichtmessung
fur jede Zelle auf der Basis einer Feststellung
umfassend eine Axiallichtverlustmessung und
eine Streulichtmessung einer Ghostblutprobe in
einer zytometrischen Flusszelle zu erzeugen;
und

ein Analysatormodul, das mit dem mindestens
einen Prozessor gekoppelt und dazu konfigu-
riert ist, eine Hart- bis Ghost-Zellpopulation, die
als Zellen definiert werden, die mindestens 30
% ihres urspringlichen Hamoglobingehalts
nach dem Mischen mit einem Ghostreagenz er-

)]

10

15

20

25

30

35

40

50

55

12

13.

14.

15.

22

halten, unter Verwendung der Ereignisdaten,
die auf besagter Axiallichtverlustmessung und
Streulichtmessung beruhen, zu identifizieren.

Das System nach Anspruch 12, wobei das Analysa-
tormodul weiter konfiguriert ist, die Hart- bis Ghost-
Zellpopulation mithilfe der Axiallichtverlustmessung
und einer Streulichtmessung auszuzahlen; oder wo-
bei das Analysatormodul weiter konfiguriert ist, um:

die Hart- bis Ghost-Zellpopulation aus den be-
sagten Ereignisdaten herauszufiltern; und

die Ereignisdaten ohne die Hart- bis Ghost-Zell-
population zu analysieren, um Verteilungsmus-
ter fir Blutkérperchen zu identifizieren.

Automatisiertes Verfahren zum Auszahlen von Hart-
bis Ghost-Zellen, die als Zellen definiert werden, die
in einer Blutzellprobe mindestens 30 % ihres ur-
spriinglichen Hamoglobingehalts erhalten, nach-
dem sie mit einem Ghost-Reagenz vermischt wur-
den; umfassend:

(a) das Vermischen einer Blutzellprobe mit einer
Nukleinsaurefarbung und einem Ghost-Rea-
genz, um Hamoglobin aus roten Blutkdrperchen
in der Blutzellprobe zu entfernen und so eine
Ghost-Blutzellprobe zu erzeugen;

(b) das Weiterleiten der Ghost-Blutzellprobe
durch eine zytometrische Flusszelle;

(c) die Analyse der Ghost-Blutprobe in einer zy-
tometrischen Flusszelle mithilfe von Axiallicht-
verlust- und Streulichtmessung, wodurch Ereig-
nisdaten erzeugt werden, die einen Axiallicht-
verlust und eine Streulichtmessung fur jede Zel-
le umfassen

(d) das Differenzieren der Hart- bis Ghost-Zell-
population in der Ghost-Blutzellenprobe aus an-
deren Zellen mithilfe der Analyse durch die Er-
eignisdaten, die eine Axiallichtverlustmessung
und eine Streulichtmessung fir jede Zelle um-
fassen; und

(e) das Auszahlen der Hart- bis Ghost-Zellen.

Das Verfahren nach Anspruch 14, wobei das Mi-
schen der Blutprobe mit der Nukleinsdure-Farbe-
substanz und dem Ghost-Reagenz einzeln durch-
gefiihrt wird; oder wobei die Farbung fluoreszierend
oder nicht fluoreszierend ist, oder weiterhin umfas-
send die Bestimmung des Vorliegens einer anorma-
len Population von Hart- bis Ghost-Zellen durch Ver-
gleich der Anzahl von Hart- bis Ghost-Zellen in der
Blutzellprobe mit einem Grenzwert und Berichten
der Anzahl der Hart- bis Ghost-Zellen, die den
Grenzwert Ubersteigen.
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Revendications

Procédé de détection de cellules difficiles a fantomi-
ser, qui sont définies comme étant des cellules qui
conservent au moins 30 % de leur teneur originale
en hémoglobine a la suite d’'un mélange avec un
réactif de fantdmisation, dans un échantillon de
sang, comprenant :

(a) le mélange de I'échantillon de sang avec un
réactif de fantémisation pour éliminer ’hémoglo-
bine des globules rouges, en générant de ce fait
un échantillon de sang fantémisé ;

(b) 'évaluation de I'échantillon de sang fantémi-
sé dans une cellule de flux cytométrique parune
détection comprenant une mesure de perte de
lumiére axiale et une mesure de dispersion de
lumiére, en générant de ce fait des données
d’événement comprenant une mesure de perte
de lumiére axiale et une mesure de dispersion
de lumiére pour chaque cellule ; et

(c) I'identification des cellules difficiles a fant6-
miser en utilisant les données d’événement
comprenant une mesure de perte de lumiére
axiale et une mesure de dispersion de lumiére
pour chaque cellule.

Procédé selon larevendication 1, dans lequel I'iden-
tification des cellules difficiles a fantémiser en utili-
sant la mesure de perte de lumiére axiale comprend
la comparaison de la mesure de perte de lumiére
axiale vis-a-vis d’un premier seuil et d'une mesure
de dispersion de lumiéere vis-a-vis d’'un deuxieme
seuil, dans lequel les cellules difficiles a fantdmiser
sont identifiées comme ayant une mesure de perte
de lumiére axiale supérieure au premier seuil et une
mesure de dispersion de lumiére inférieure au
deuxiéme seuil.

Procédé selon la revendication 1, dans lequel la me-
sure de dispersion de lumiere comprend ou est choi-
sie parmi une dispersion de lumiére a angle médian
supérieur (UMALS), une dispersion de lumiére a an-
gle médian inférieur (LMALS), et une dispersion de
lumiere a angle faible (LALS).

Procédé selon la revendication 1, comprenant en
outre le recueil de mesures d’'impédance de courant
continu.

Procédé selon la revendication 1, utilisé pour le dé-
nombrement de cellules difficiles a fantdmiser dans
un échantillon de sang et comprenant en outre :

(d) ledénombrementde la population de cellules
difficiles a fantdémiser en utilisant les données
d’événement comprenant une mesure de perte
de lumiére axiale et une mesure de dispersion
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de lumiére pour chaque cellule ; et

(e) I'établissement d’un rapport de la population
de cellules difficiles a fantdmiser dans I'échan-
tillon de sang.

6. Procédé selon la revendication 5, dans lequel I'éta-

blissement d’'un rapport de la population de cellules
difficiles a fantdmiser inclut I'établissement d’'un rap-
port d’une proportion de la population de cellules dif-
ficiles a fantémiser par rapport aux globules rouges
totaux ou I'établissement d’un rapport d’un pourcen-
tage de cellules difficiles a fantémiser de la popula-
tion totale de globules rouges.

Procédé selon la revendication 1, utilisé pour détec-
ter une population anormale de cellules difficiles a
fantdmiser dans un échantillon d’'un patient,
comprenant :

(a) le mélange d’un échantillon de sang prove-
nant du patient avec un réactif de fantdmisation
pour éliminer I'hémoglobine des globules rou-
ges, en geénérant de ce fait un échantillon de
sang fantdmisé ;

(b) 'évaluation de I'échantillon de sang fantémi-
sé dans une cellule de flux cytométrique par une
détection comprenant une mesure de perte de
lumiére axiale et une mesure de dispersion de
lumiere, en générant de ce fait des données
d’événement comprenant une mesure de perte
de lumiére axiale et une mesure de dispersion
de lumiére pour chaque cellule ;

(c) lidentification des cellules difficiles a fant6-
miser en utilisant une mesure de perte de lumié-
re axiale et une mesure de dispersion de lumiére
des données d’événement ;

(d)le dénombrementde la population de cellules
difficiles a fantdmiser en utilisant la mesure de
perte de lumiere axiale et une mesure de dis-
persion de lumiére ; et

(e) la détermination de I'existence d’'une popu-
lation anormale de cellules difficiles afantémiser
lorsque le nombre de cellules difficiles a fanté-
miser dépasse une valeur seuil.

Procédé selon la revendication 7, dans lequel la po-
pulation anormale de cellules difficiles a fantémiser
est associée a une hémoglobinopathie, éventuelle-
ment dans lequel I'hémoglobinopathie comprend
une anémie drépanocytaire ou une thalassémie.

Procédé selon la revendication 1, utilisé pour analy-
ser un échantillon de sang, comprenant :

(a) le mélange de I'échantillon de sang avec un
réactif de fantdmisation pour éliminer ’hémoglo-
bine des globules rouges, en générant de ce fait
un échantillon de sang fantémisé ;



25 EP 2 561 350 B1

(b) la mesure de I'échantillon de sang fantdmisé
dans une cellule de flux cytométrique par une
détection comprenant une mesure de perte de
lumiére axiale et une mesure de dispersion de
lumiére pour générer des données d’événement
comprenant une mesure de perte de lumiére
axiale et une mesure de dispersion de lumiére
pour chaque cellule ;

(c) lidentification d’'une population de cellules
difficiles a fantdémiser en utilisant les données
d’événement, sur la base de ladite mesure de
perte de lumiére axiale et d’'une mesure de dis-
persion de lumiére ;

(d) I'extraction par filirage de la population de
cellules difficiles a fantémiser desdites données
d’événement ; et

(e) 'analyse des données d’événement sans la
population de cellules difficiles a fantdomiser
pour identifier des motifs de distribution de cel-
lules sanguines.

10. Support lisible par un ordinateur stockant des ins-
tructions, dans lequel lesdites instructions, lorsqu’el-
les sont exécutées, aménent au moins un proces-
seur a analyser un échantillon de sang en utilisant
un procédé comprenant :

(a) la génération de données d’événement com-
prenant une mesure de perte de lumiére axiale
et une mesure de dispersion de lumiere pour
chaque cellule sur la base d’'une détection com-
prenant une mesure de perte de lumiére axiale
et une mesure de dispersion de lumiére d’un
échantillon de sang fantdmisé dans une cellule
de flux cytométrique ; et

(b) lidentification d’'une population de cellules
difficiles a fantdmiser qui sont définies comme
étant des cellules qui conservent au moins 30
% de leur teneur originale en hémoglobine a la
suite d’'un mélange avec un réactif de fantémi-
sation, en utilisant les données d’événement,
sur la base de ladite mesure de perte de lumiére
axiale et de ladite mesure de dispersion de lu-
miére.

11. Support lisible par ordinateur selon la revendication
10, dans lequel le procédé comprend en outre :

(c) I'extraction par filtrage de la population de
cellules difficiles a fantémiser desdites données
d’événement ; et

(d) ranalyse des données d’événement sans la
population de cellules difficiles a fantdomiser
pour identifier des motifs de distribution de cel-
lules sanguines ; ou dans lequel le procéde

comprend en outre :

(c) le dénombrement de la population de
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cellules difficiles a fantémiser en utilisant la
mesure de perte de lumiére axiale et une
mesure de dispersion de lumiére ;

et

(d) la détermination de I'existence d’'une po-
pulation anormale de cellules difficiles a
fantémiser lorsque le nombre de cellules
difficiles a fantdmiser dépasse une valeur
seuil ; ou dans lequel le procédé comprend
enoutre :

(c) le dénombrement de la population
de cellules difficiles a fantémiser en uti-
lisant la mesure de perte de lumiére
axiale et une mesure de dispersion de
lumiére ;

et

(d) I'établissement d’un rapport de la
population de cellules difficiles a fanto-
miser dans I'échantillon de sang.

12. Systéme pour analyser un échantillon de sang,
comprenant :

au moins un processeur ;

un analyseur de particules couplé I'au moins un
processeur et comprenant une cellule de flux
cytométrique ;

un module détecteur couplé a I'au moins un pro-
cesseur et congu pour produire des données
d’événement comprenant une mesure de perte
de lumiére axiale et une mesure de dispersion
de lumiére pour chaque cellule surla base d’'une
détection comprenant une mesure de perte de
lumiére axiale et une mesure de dispersion de
lumiéere d’un échantillon de sang fantdmisé dans
la cellule de flux ; et

un module analyseur couplé al’au moins un pro-
cesseur et congu pour identifier une population
de cellules difficiles a fantdmiser qui est définie
comme étant des cellules qui conservent au
moins 30 % de leur teneur originale en hémo-
globine a la suite d’'un mélange avec un réactif
de fantdbmisation, en utilisantles données d’évé-
nement, sur la base de ladite mesure de perte
de lumiere axiale et de ladite mesure de disper-
sion de lumiére.

13. Systéme selon la revendication 12, dans lequel le
module analyseur est en outre congu pour dénom-
brer la population de cellules difficiles a fantémiser
en utilisant la mesure de perte de lumiére axiale et
une mesure de dispersion de lumiére ; ou dans le-
quel le module analyseur est en outre congu pour :

extraire par filtrage la population de cellules dif-
ficles a fantdmiser desdites données
d’événement ; et
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analyser les données d’événement sans la po-
pulation de cellules difficiles a fantdémiser pour
identifier des motifs de distribution de cellules
sanguines.

14. Procédé automatisé de dénombrement de cellules
difficiles a fantdmiser, qui sont définies comme étant
des cellules qui conservent au moins 30 % de leur
teneur originale en hémoglobine a la suite d’'un mé-
lange avec un réactif de fantdmisation, dans un 70
échantillon de sang, comprenant :

(a) le mélange d’'un échantillon de cellules san-
guines avec une teinture d’acide nucléique et

un réactif de fantdmisation pour éliminer 'lhémo- 75
globine des globules rouges dans I'échantillon

de cellules sanguines, en générant de ce fait un
échantillon de cellules sanguines fantémisées ;

(b) le passage de I'échantillon de cellules san-
guines fantdmisées a travers une cellule de flux 20
cytométrique ;

(c) l'analyse de I'échantillon de cellules sangui-

nes fantémisées dans la cellule de flux cytomé-
trique en utilisant des mesures de dispersion de
lumiére et de perte de lumiére axiale, en géné- 25
rant de ce fait des données d’événement com-
prenant une mesure de perte de lumiére axiale

et une mesure dispersion de lumiére pour cha-

que cellule

(d) la différenciation des cellules difficiles a fan- 30
tébmiser dans I'’échantillon de cellules sanguines
fantdmisées par rapport aux autres cellules en
utilisant I'analyse par les données d’événement
comprenant une mesure de perte de lumiére
axiale et une mesure de dispersion de lumiére 35
pour chaque cellule ; et

(e) le dénombrement des cellules difficiles a fan-
témiser.

15. Procédé selon la revendication 14, dans lequel le 40
mélange de I'échantillon de sang avec le colorant de
teinture d’acide nucléique et le réactif de fantémisa-
tion est effectué séparément ; ou dans lequel la tein-
ture est fluorescente ou non fluorescente, ou com-
prenant en outre la détermination de l'existence 45
d’'une population anormale de cellules difficiles afan-
tébmiser en comparant le nombre de cellules difficiles
afantdbmiser dansI’échantillon de cellules sanguines
a une valeur seuil et en faisant le rapport du nombre
de cellules difficiles a fantémiser qui dépasse lava- 50
leur seuil.

55
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