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of the sample to be differentiated and counted for identifica-
tion of said cellular peculiarity. The invention is applicable in
particular to hematological analyses.
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METHOD AND DEVICE FOR
CHARACTERIZING CELLULAR
COMPONENTS OF A BIOLOGICAL FLUID

[0001] The invention relates to a method for characterising
the cellular components of a biological fluid and for quanti-
fying the populations and subpopulations of cells in the bio-
logical fluid, and a device which can be used to carry out the
method.

[0002] Within the scope of the invention the phrase “bio-
logical fluid” refers to any natural fluid or biological prepa-
ration containing cellular components or capable of contain-
ing such components, such as blood, bone marrow,
cerebrospinal fluid, pleural fluid, and the phrase “cellular
component” also denotes a cell inits most conventional sense,
such as red and white blood corpuscles, as well as any other
cell type present in a biological fluid, such as platelets.
Equally, the word “population” refers to a set of cells of the
same category, for example, basophils, lymphocytes, etc., and
the term “subpopulation” denotes a subassembly of specific
cells of the same category, such as B, T4, T8 lymphocytes,
etc., of the lymphocyte population, but also immature or
degenerate forms.

[0003] Determining and counting the entire cell population
in various biological fluids such as blood are of major impor-
tance in terms of clinical diagnosis. The traditional methods
of carrying out cytological analyses of a biological fluid make
use of various conventional apparatus such as haematology
machines based on flow cytometry, which are intended for
differentiation and accurate automatic counting of all the cells
present in a sample of biological fluid, which can then be
classified into populations. These apparatus normally include
measuring equipment, typically electrical, and/or optical,
compatible with the possible presence of various reagents and
dyes, leading to analysis results as defined above. Thus, for a
blood sample, these automatic machines can draw up a hae-
mogram which provides the classic parameters of a blood
count, of the leukocyte formula and of platelet count. Using
additional apparatus which are separate from one another it is
possible to obtain additional results on the identification of
reticulocytes, erythroblasts, immature cells, etc. in order to
finalise the data of the haemogram. By way of example,
reference may be made to patent application FR0102489 filed
by the present applicant, which relates to a method and a
reagent for the identification and counting of biological cells
by multi-parametric methods of measurement making use of
flow cytometry.

[0004] Thus it is possible to deduce information for each of
the categories of biological cells, resulting in their classifica-
tion.

[0005] Inthe great majority of cases the accurate automatic
counting of all the cellular components and the differentiation
of each of the populations of cellular components are suffi-
cient to give the practitioner information as to the presence of
an imbalance or a cytological disorder. However, when anal-
ysing a biological fluid using a conventional automatic cyto-
logical analyser, certain abnormal cell count results, com-
pared with those which are normally expected, may justify
further investigation in order to refine one or more of these
results. Furthermore, such analysis does not accurately quan-
tify the different populations of cells within a single popula-
tion or family, which is a major drawback, particularly for
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detecting certain pathological conditions in patients or for
monitoring their development.

[0006] Complementary analysis thus proves essential in
order to achieve more accurate results on the count of a
selected subpopulation of cells, e.g. leukocytes, in a blood
sample. The appearance of certain pathological conditions
(immune reactions or leukaemia) may be correlated with an
abnormal level of a leukocyte-type cell population.

[0007] Complementary analysis of this kind, independent
of'that carried out using a conventional machine, may consist
in taking a manual smear followed by observation under the
microscope. Identification and counting of cellular compo-
nents are, in this case, currently used in addition to or as a
replacement for those obtained using the automated equip-
ment.

[0008] They may also consist of specific cell labelling
using selected antibodies, possibly including fluorochromes,
fordiscriminating a selected labelled cell population, or using
any other labelling method known from the prior art. For
example, mention may be made of patent application
EP0552707, which discloses labelling using anti-CD45 and
anti-CD71 monoclonal antibodies, for example, in order to
differentiate all the leukocyte cells in flow cytrometry. Patent
Application WO00/16103 describes the quantification of
eosinophilic and basophilic cells by discrimination thereof
carried out using antibodies or an antibody kit and detecting
them by fluorometry. Equally, the labelling of a lymphocyte
population with anti-CD19, anti-CD4 and anti-CD8 antibod-
ies makes it possible to separate the subpopulations of B
lymphocytes, T helper lymphocytes and T suppressor lym-
phocytes, respectively.

[0009] Although these analyses can be used to monitor
and/or correct the results obtained with a conventional auto-
matic apparatus, they often introduce a degree of inaccuracy
and allow only a statistical correlation with the results
obtained using the automatic apparatus. The use of higher-
performance methods such as flow cytometry produces sub-
stantially the same results, but a direct correlation with the
results obtained using the automatic apparatus is not possible
because two separate analyses are carried out, thus reducing
the accuracy of the results as a whole.

[0010] In fact, when an analysis of the cellular components
of an aliquot of biological fluid reveals an anomaly in the
precise count of cellular components, the user goes on to
perform a second independent analysis on a different aliquot
of the same biological fluid, using two independent analysis
systems, thus carrying out measurements on separate bases,
i.e. each of the measurements supplies different results, and
therefore mathematical correlation of the results obtained by
each of the measurements is needed in order to obtain, even-
tually, results which contain errors. This leads to an interpre-
tation of the results which takes on a subjective nature as it
does not allow reliable identification of the real cause of the
abnormal results, which may be due either to the sample itself
or to the equipment and may also prove unacceptable for the
precise diagnosis of a pathological condition, in some cases.
[0011] The present invention sets out to remedy the disad-
vantages of the prior art.
[0012] For this purpose it proposes a method for differen-
tiating and counting the cellular components present in a
sample of a biological liquid, comprising:
[0013] aprimary step of cytological analysis convention-
ally carried out by flow cytometry to obtain a set of



US 2008/0124745 Al

primary results which allow differentiation and counting
of all the cellular components of the sample in different
populations; and
[0014] an additional step of cytological analysis of a
particular type of cellular components, based on an iden-
tified cellular peculiarity, in order to obtain complemen-
tary results enabling at least one cell population or sub-
population of the sample to be differentiated and
counted for identification of said cellular peculiarity.
[0015] Thus, the process according to the invention com-
prises a first step of conventional cytological analysis of a
biological fluid or aliquot of biological fluid, conventionally
carried out by flow cytometry, comprising electrical and/or
optical measuring means and reagents representing a cell
lysing agent, a dye for intracellular material, an aqueous
diluent and mixtures thereof known to the skilled man. The
signals coming from the above-mentioned measuring means
are conventionally processed and converted into a “standar-
dised series of results™, i.e. a set of results which integrates the
conventional parameters of the analysis. This therefore makes
it possible to identify the cellular components and count them
accurately, and these are then classified into different popu-
lations, as described for example in French Patent Applica-
tion FR9701090.
[0016] The second step, or complementary step, makes it
possible to obtain complementary results which can be used
to identify the cellular peculiarity.
[0017] The results of an abnormal count on a particular
category of cellular component or on a number of populations
makes it possible to identify one or more anomalies. In the
process according to the invention these anomalies may be
linked, for example, to an abnormally high number of blasts
or to lymphocytes of an abnormal structure.
[0018] In a preferred embodiment, first of all the single
primary step is carried out and, if the primary results lead to
the identification of at least one anomaly linked with an
identified cellular peculiarity, the operator then proceeds to
carry out the primary step, which is repeated in order to obtain
a fresh set of primary results, and simultaneously the comple-
mentary step in order to obtain the complementary results
linked with this cellular peculiarity.
[0019] Advantageously, the method further comprises a
step of specific cell labelling, based on the identified cellular
peculiarity, followed by a step of cytological analysis which
will lead to all the primary results for identifying all the
populations contained in the sample as well as the comple-
mentary results for identifying the population(s) or subpopu-
lation(s) relating to the identified cellular peculiarity.
[0020] These peculiarities thus give rise to a specific label-
ling step of a particular type of cellular components, such as
a subpopulation of lymphocytes in the blood, the number of
which, in the blood aliquot, is abnormal compared with what
would normally be expected, thus justifying a more intensive
investigation for differentiating and counting this particular
population in order to attempt to determine the different sub-
populations thereof.
[0021] Once the labelling of the cellular components has
thus been carried out it is then necessary to reveal the cellular
components which have been specifically labelled or, as
appropriate, those which have not been labelled. This is done
by carrying out a complementary step of cytological mea-
surement leading to additional results for quantifying and
differentiating the cellular populations or cellular compo-
nents of subpopulations which have been at the source of the
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anomaly or anomalies linked with their number or their pres-
ence. As already mentioned, the operator proceeds to carry
out a repeat analysis of the primary analyses which are asso-
ciated and simultaneous with the complementary step of the
labelled cellular components. The results of these comple-
mentary measurements associated with those repeated from
the primary analysis step obtained for the same aliquot of
biological fluid thus supply, for the targeted subpopulation,
results of differentiation and count which are established on a
reference base identical to that which makes it possible to
establish the standardised series of results. Any error or lack
of precision inherent in successive analyses, in different
analysis methods, in non-integrated equipment, is thus elimi-
nated.

[0022] Ttwill thus be possible to measure different physico-
chemical characteristics on the same cellular component,
notably by using a marker chosen for its specific affinity for at
least one physico-chemical characteristic, such as the intrac-
ellular material (DNA, RNA), particular proteins or enzymes,
membrane structure, etc. This makes it possible to differen-
tiate each labelled cellular component from a non-labelled
cellular component. The cellular components thus labelled or
non-labelled are then detected by known methods (see
description to follow). Equally, the cell labelling enables
extremely accurate quantifying of the different subpopula-
tions of the cellular components, such as the B, T4 and T8
lymphocytes, etc., of the lymphocyte population.

[0023] Consequently, carrying out the method according to
the invention makes it possible to characterise peculiarities
linked to the presence of certain cellular components charac-
teristic of certain pathological conditions or to their abnor-
mally low or high number in one and the same sample of
biological fluid. It thus allows intracellular investigations to
be carried out in a particular population or subpopulation. The
method according to the invention offers these possibilities
with results having a degree of precision and reliability which
have never before been achieved, as the complementary
analyses which correspond to these possibilities are carried
out simultaneously and jointly with the analyses leading to
the standardised series of results, thus guaranteeing the exist-
ence of a reference base which is common to all the comple-
mentary results and the standardised series of results, thus
eliminating, in particular, all the disadvantages of separate
analyses.

[0024] The method according to the invention also elimi-
nates the overwhelming majority of errors of interpretation of
the deviations observed from the standardised series of
results, which may be subjected, as an anomaly, to a system-
atic standardised treatment.

[0025] The method according to the invention, in a single
operation, produces full and extensive results, avoiding the
need for successive multiple and separate analyses which
might be prescribed by a practitioner in order to achieve an
accurate pathological diagnosis. The advantage of this is that
it reduces the costs associated with these analyses.

[0026] Similarly, in the case of pathologies which have
been identified, for monitoring their development or the
effectiveness of a treatment, the practitioner has a greater
choice of analyses to prescribe which are carried out with the
guaranteed reliability of a set of results relating to a single
reference base.
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[0027] Finally, the method according to the invention gives
the practitioner greater reliability in detecting and charac-
terising the cellular peculiarities of the standardised series of
results.

[0028] The primary step of cytological analysis advanta-
geously comprises using the first measuring means for differ-
entiating all the cellular components present in the sample by
means of at least one electrical differentiating means includ-
ing impedance or optical differentiating means including dif-
fraction, diffusion, transmission and fluorescence.

[0029] Furthermore, this primary step may include the use
of one or more reagents for differentiating all the cellular
components present in the sample.

[0030] The complementary step of cytological analysis
advantageously includes the use of secondary measuring
means for differentiating and counting at least one cell popu-
lation or subpopulation present in the sample of biological
fluid.

[0031] The secondary measuring means preferably com-
prise the use of at least one optical differentiating means.
Thus, these secondary measuring means preferably comprise
one or more optical measuring methods capable of measur-
ing, in a unitary or combined manner, optical parameters
selected from among diffraction, transmission, fluorescence
or absorbance, especially at certain wavelengths or certain
ranges of wavelengths.

[0032] The secondary measuring means may consist of at
least one measuring method operating with fluorescence and
using one or more judiciously chosen wavelengths. In par-
ticular, the secondary measuring means may be operational at
selected wavelengths ranging from ultraviolet to infrared.
[0033] Preferably, the specific cell labelling step comprises
using at least one marker which can differentiate the cellular
peculiarity, whereas the complementary step of cytological
analysis comprises the use of secondary measuring means
comprising at least one measuring method capable of identi-
fying the marker or markers simultaneously with the set of
measurements.

[0034] The processing of the measuring signals may be
carried out using a computer comprising suitable means for
processing data and compiling the results. These means may
consist of two items of computing software, one of which is
intended for processing the signals in order to provide a
graphic display of the results and the other for processing the
signals obtained from the analysis of the results. The com-
puter may be combined with control means for controlling the
specific cell labelling step.

[0035] In order to carry out the labelling step it is possible
to use at least one cell marker representing a molecular probe
selected from the group comprising at least one dye, at least
one antibody conjugated with a dye or fluorochrome.

[0036] The dye chosen as a marker has to be different from
the dye for the intracellular material in the predefined mea-
surements, i.e. it must be detectable by optical measuring
techniques at wavelengths which are different from those
needed for detecting the dye in the predefined measurements.
[0037] Labelling with at least one antibody or a mixture of
antibodies or antibody kit, which is conventionally carried out
by antigen/antibody reactions, is carried out preferably using
monoclonal antibodies onto which conventional dyes or fluo-
rochromes have advantageously been grafted, such as fluo-
rescein or phycoerythrin-cyanine 5 (PC5).

[0038] Moreover, for the analysis step, the electrical and
optical measuring means represent, respectively, direct- or
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alternating-current cell impedance measuring means and
measuring means selected from among light diffraction, light
diffusion, light transmission or fluorescence.

[0039] Within the scope of the invention the biological fluid
is preferably whole blood, diluted or undiluted, serum,
diluted or undiluted bone marrow, cerebrospinal fluid, urine,
synovial fluid, pleural fluid, etc.

[0040] When the sample of biological fluid is a blood
sample, the primary step of cytological analysis advanta-
geously comprises measurements needed to produce a hae-
mogram including all or some of the parameters of cell count-
ing, of leukocyte formula and of platelet counting.

[0041] Inthis case, the labelling step may be carried out by
the use of specific marker antibodies for the cellular compo-
nents of a blood sample selected from among the populations
ofred corpuscles, leukocytes and platelets. Thus, it is possible
to carry out the process according to the invention by labelling
targeted at the red corpuscles, in conjunction with labelling
targeted at white corpuscles or platelets, without the risk of
mutual interaction and interference in the analyses.

[0042] The labelling step is advantageously carried out by
the use of specific antibodies for the cell labelling of at least
one specific subpopulation present in a cell population of the
blood sample.

[0043] Preferably, thelabelling step is carried out by the use
of specific antibodies for labelling at least one subpopulation
selected from among the lymphocytes, neutrophils, baso-
phils, eosinophils, monocytes, red corpuscles, platelets, and
all their precursors.

[0044] The cell labelling step may be carried out with at
least one antibody or a mixture of antibodies conjugated with
the fluorochrome, while the complementary step of cytologi-
cal analysis uses cellular fluorescence-based measuring
means of the orthogonal fluorescence type (FL2).

[0045] The cell labelling step is advantageously carried out
with at least one antibody selected from among CD3, CD4,
CD8, CD9, CD10, CD11b, CD13, CD14, CD15, CDI16,
CDI18, CD19, CD20, CD21, CD22, CD33, CD34, CD45,
CD63, CD64, CD71, CD203, CRTH2, FMC7 and HLA-DR.
[0046] The cell labelling step may also use at least one cell
marker representing a molecular probe selected from among
the group comprising at least one dye, at least one antibody
conjugated with a dye or fluorochrome.

[0047] According to a further feature of the invention, the
primary step of cytological analysis and the complementary
step of cytological analysis simultaneously measure different
physical characteristics of the same cellular components in
the same flow.

[0048] The process according to the invention may include
steps of mixing the reagent and the cell marker with the
biological fluid and transferring the mixture thus obtained
into an analysis cell, thus making it possible to carry out
global and simultaneous analysis on the same biological fluid
or aliquot of biological fluid, as explained hereinbefore.
[0049] The process according to the invention makes it
possible to draw up, for a blood sample, for example, a com-
plete haemogram, i.e. a detailed identification going beyond
the standardised series of results and comprising the differ-
entiation and counting of the cell populations in the blood,
namely the lymphocytes, monocytes, erythrocytes, granulo-
cytes, neutrophils, eosinophils and basophils, the erythro-
blasts, the immature granular cells, the platelets, and other
blasts, in conjunction with the possibility of detecting and
counting, where present, a subpopulation of abnormal blasts
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in a lymphocyte population, which does not have a lympho-
cyte distribution conforming to what is expected. These lym-
phoblasts are isolated from the other lymphocyte populations
according to their non-positivity to the anti-CD45 antibody,
for example.

[0050] In another aspect the invention relates to an appara-
tus for carrying out the method described above, comprising
equipment operating by flow cytometry having first measur-
ing means comprising at least one measuring channel capable
of measuring parameters selected from among optical param-
eters in the group made up of diffraction, diffusion, transmis-
sion and fluorescence and from an electrical parameter
including impedance; secondary analysing means compris-
ing at least one measuring channel capable of measuring
optical parameters selected from among diffraction, trans-
mission, fluorescence and absorbance; and a computer for
processing the results obtained from the first measuring
means and secondary measuring means.

[0051] In a preferred embodiment the first measuring
means comprise an axial diffraction sensor (FSC), an
orthogonal diffusion sensor (SSC), an orthogonal fluores-
cence sensor (FL1) and a resistivity measuring electrode,
whereas the secondary measuring means comprise an
orthogonal fluorescence measuring sensor (FL2).

[0052] The equipment according to the invention thus com-
prises predefined conventional first analysing means inte-
grated in a flow cytometer. Advantageously, these means
represent at least one measuring parameter or channel
selected from among the group comprising the axial diffrac-
tion (FSC), orthogonal diffusion (SSC), orthogonal fluores-
cence (FL1) and resistivity (RES) of a sample or aliquot of
biological fluid as described by the Applicant in patent appli-
cation EP0425381. These first analysing means therefore lead
to the differentiation of the cellular components and to accu-
rate counting thereof, enabling them to be classified into
populations.

[0053] Advantageously, the primary means are arranged so
as to incorporate at least one reagent for differentiating and
counting all the cellular components of the biological fluid
selected from the group comprising a cellular lysing agent, a
dye for the intracellular material, an aqueous diluent and a
mixture thereof, as described by the applicant in patent appli-
cation FR0102489.

[0054] The lysing of certain cellular components of the
biological fluid, particularly erythrocyte cells, is carried out
for example using an ionic and/or non-ionic detergent which
may represent the primary amides, cholamides, etc. The
choice of lysing agent depends on the nature of the biological
fluid and will therefore easily be determined by the skilled
man.

[0055] The dye for the cellular components is intended to
combine with the intracellular RNA or DNA. It may conven-
tionally consist of thiazole orange, thiazole blue, etc. The
reagent may optionally comprise a fixing agent for the cellu-
lar components, which is known in the art.

[0056] According to one embodiment of the apparatus
according to the invention it further comprises:

[0057] means for identifying at least one cellular pecu-
liarity corresponding to the presence or the number of
certain cell population(s) or certain cellular compo-
nents,

[0058] means for specific cell labelling as a function of
the peculiarity identified.
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[0059] The labelling means preferably comprise at least
one cell marker representing a molecular probe selected from
the group comprising at least one dye, at least one antibody
which is associated with a dye or fluorochrome and, more
preferably, they represent at least one antibody or antibody
mixture with a fluorochrome grafted onto it.

[0060] According to one embodiment of the equipment
according to the invention, the measuring means adapted to
the labelling means constituting one or more measuring chan-
nels are respectively d.c. or a.c. cell impedance measuring
means and at least one measuring means selected from the
group comprising diffraction, light transmission and fluores-
cence or the absorbance of cells labelled at wavelengths rang-
ing from ultraviolet to infrared.

[0061] Preferably, the measuring means based on cell fluo-
rescence represent the orthogonal fluorescence of the fluoro-
chrome (FL2) grafted onto a specific antibody.

[0062] According to a preferred embodiment of the appa-
ratus according to the invention, it comprises a computer
designed to carry out a correlation of the results from the first
measuring means and the secondary measuring means and
provide a graphic display of the results from the first measur-
ing means and the secondary measuring means.

[0063] Advantageously, the computer is designed to carry
out an interpretation and a classification of the cellular com-
ponents according to their families or their physical charac-
teristics.

[0064] The computer is designed to process the measuring
signals and further comprises suitable means for processing
the data and presenting the results, as described above. It
preferably comprises memories for storing the results
obtained by the various analyses.

[0065] Itis possible that such apparatus may have an auto-
matic decision-making capacity as to the appropriateness of
carrying out analyses, in addition to the routine ones, needed
to identify and count the elements which are being sought or
which are suspected of being responsible for the anomalies
detected.

[0066] The features and advantages of the invention will
become more apparent from the detailed description that
follows and from the non-restrictive embodiment by way of
example, referring to the drawings attached hereinafter,
wherein:

[0067] FIG.1 shows a diagram of the specific elements that
make up the analytical equipment according to a preferred
embodiment;

[0068] FIGS. 2 to 19 show the diagrams of cell distribution
or two-dimensional matrices obtained by means of multi-
parametric measurements FSC, RES, SSC, FL1 and FL.2.
[0069] In FIG. 1, the specific elements that make up the
equipment 1 for analysing an aliquot of biological fluid
according to the invention are shown in the form of a func-
tional diagram. This diagram partly makes use of the param-
eters described in patent application FR0102489. The equip-
ment 1, an automatic apparatus based on flow cytometry, has
the following parameters and components:

[0070] a monochromatic laser 10,
[0071] a device 11 for shaping the light beam,
[0072] a circulation container 12 for measuring cellular

volumes by resistivity and by optical measurement,
[0073] an optical system 13 for collecting the radiation
of axial diffraction (FSC),
[0074] a sensor 14 of axial diffraction (FSC) providing
an interpretation of size,
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[0075] a sensor 15 of orthogonal diffusion (SSC)
expressing the structure of the cells observed,

[0076] a sensor 16 of orthogonal fluorescence (FL.1)
measuring the expression of intracellular RNA and
DNA,

[0077] a sensor 17 of orthogonal fluorescence (FL2)
measuring the reactivity of an antibody grafted with a
fluorochrome,

[0078] an optical system 18 for collecting orthogonal
radiation,
[0079] an electrode 19 for measuring resistivity (RES)

incorporated in the container 12,

[0080] a computer 20,
[0081] a system 21 for displaying the results.
[0082] An aliquot of biological fluid is analysed using the

equipment 1 comprising the channels for optical measure-
ment by axial diffraction, orthogonal diffusion and cellular
orthogonal fluorescence, the principles of which are briefly
set out below.

[0083] In the first case, a cell of the biological sample,
placed in the measuring container 12, and through which light
radiation emitted by the source 10 and shaped by the device
11 is passed, causes diffraction of the incident radiation the
intensity of which is a function of the cell size. An optical
system 13 for collecting the diffraction radiation is placed in
alignment with the radiation. The diffracted radiation is col-
lected on the sensor 14 the response of which is dependent on
the cell diffraction.

[0084] The principle of orthogonal diffusion is based on
measuring the diffusion of the light radiation passing through
the cellular components. The radiation is collected at the
sensor 15 orthogonally to the radiation diffused at the exit
from the container 12 and the response is proportional to the
diffusion.

[0085] The measurements of orthogonal fluorescence FL.1
and FL2 are based respectively on the principle of excitation
of a stained cell at a specific wavelength emitting fluorescent
radiation with a different wavelength from the excitation
wavelength and the excitation of the fluorochrome grafted
onto a specific antibody which in turn emits specific fluores-
cence radiation.

[0086] An optical system 18 for collecting the orthogonal
radiation FL.1 and FL.2 is placed orthogonally to the radiation
emitted by the radiation source 10.

[0087] The equipment 1 also comprises a channel for elec-
trical measurement by resistivity (RES). This measurement is
based on the principle of placing an element in the container
12, in an electrical field where the current is constant and the
resistance presented by this element in the field causes an
increase in the voltage needed to keep the current constant,
according to Ohm’s law.

[0088] The electrodes 19 integrated in the container 12
measure the resistivity of the element, thus enabling its vol-
ume to be calculated.

EXAMPLE 1

[0089] One aliquot of normal blood is analysed in a con-
ventional automatic analyser based on flow cytometry, as
described in patent application FR 0102489, in order to char-
acterise and quantify the leukocyte elements.

[0090] The results of this analysis are observed in the form
of a two-dimensional matrix representing different combina-
tions of measurement results obtained for each measuring
channel. For the sake of clarity, the dots in each matrix rep-
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resenting each cellular element have been omitted. Only the
contours delimiting each of the populations obtained have
been drawn.

[0091] FIG. 2 shows a matrix obtained by means of the two
channels FSC and SSC. Four populations are observed: L
representing the lymphocytes, M the monocytes, E the eosi-
nophils and N the neutrophils. In this FIG. 1, the populations
N and E are not clearly separated.

[0092] FIG. 3 shows the matrix obtained by means of the
two channels FSC and FL1. The populations N and E have
merged and there is an overlap between the populations L and
M.

[0093] FIG. 4 shows a matrix formed by the measuring
channels SSC and FL1. The populations N and E have merged
and the populations L and M are totally separate from one
another.

[0094] FIG. 5 also shows a matrix formed by means of the
two channels RES and FSC. In this arrangement, the popula-
tions L and E are separate but the populations N and M are
not.

EXAMPLE 2

[0095] One aliquot of blood is analysed in a conventional
automatic analyser based on flow cytometry, using the mea-
suring channels described in patent application FR 0102489,
in order to characterise and quantify the leukocyte compo-
nents.

[0096] FIG. 6 shows a matrix obtained using the two chan-
nels FSC and SSC. Even though the populations I and N have
aprofile similar to that in FIG. 2, by contrast the population L.
is abnormally extensive compared with the normal one shown
in FIG. 2. This can also be seen in FIGS. 7 to 9 corresponding,
respectively, to the matrix representations in FIGS. 3 to 5. At
the end of these analyses, it seems probable that the lympho-
cyte population, the distribution of which in the diagram is
more extensive than that of a normal lymphocyte population,
has abnormal cellular elements such as blast cells.

EXAMPLE 3

[0097] Onealiquot of blood from Example 2 is analysed by
the process according to the invention using the equipment 1.
[0098] This analysis is carried out as follows:

[0099] One aliquot of 50 pl of a human blood sample is
taken, which is mixed with 50 pl of a solution of anti-CD45
monoclonal antibodies containing PCS5 as fluorochrome. The
solution thus obtained is incubated for some minutes, of the
order of 3 to 30 minutes, in the absence of any light radiation
and at ambient temperature. The solution thus obtained is
then mixed with reagents containing, as intracellular dye,
thiazole orange, to lyse the red corpuscles and fix the cellular
elements needed to carry out the primary analysis steps.
[0100] In this case, the excitation wavelength of the thiaz-
ole orange using the laser 10 is 488 nm and that of the
emission is 530 nm. The anti-CD45 antibody is used in this
example for specifically labelling mature and normal leuko-
cytes, in decreasing order of expression, the lymphocytes,
eosinophils, monocytes, basophils and neutrophils.

[0101] The solution is then transferred into the circulation
container 12 of the analytical equipment 1. The user starts up
the analyses of the aliquot in the four channels supplying
conventional results for the differentiation and counting of
the different cell populations, and in the fifth channel FL2
(excitation wavelength of the PC5 is 488 nm and that of the
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emission is 660 nm), using the computer 20 performing it
simultaneously. The software goes on to process the results
from each measurement using the channels defined above.
[0102] FIG. 10 shows a matrix obtained using the two chan-
nels FSC and SSC. Five populations are observed: L repre-
senting the lymphocytes, M the monocytes, E the eosinophils
and B the blasts which are negative to the anti-CD45 antibod-
ies.

[0103] In this FIG. 10, the populations N and E are not
clearly separated and an overlap can be seen between the
populations L, M and B.

[0104] FIG. 11 shows the matrix obtained by means of the
two channels FSC and FL1. The populations N and E have
merged and an overlap can be seen between the populations
L, M and B.

[0105] FIG. 12 shows a matrix formed by the measuring
channels SSC and FL1. The populations N and E have also
merged and although the population M is separate from the
others, it can be seen that the populations B and L are not
entirely separate.

[0106] FIG. 13 also shows a matrix formed by means of the
two channels RES and FSC. In this arrangement, none of the
populations present is clearly separate.

[0107] FIG. 14 shows a matrix formed by means of the two
channels FL.2 and SSC. This matrix view makes it possible to
separate the population of abnormal blasts B from the lym-
phocyte population.

[0108] By carrying out the process using the equipment 1
according to the invention it is possible to characterise and
quantify the presence of blasts B (negative to anti-CD45) in
the aliquot of blood analysed. The complementary measure-
ment shown in FIG. 14 allows clear differentiation of the
blasts B, something which was not possible with all the pre-
defined measurements of the haemogram.

EXAMPLE 4

[0109] This example is intended to provide a precise count
of the non-blastic cellular components in a blood sample, the
blast population of which is known, within the framework of
the monitoring of treatment in a patient. Previous analyses
have shown an abnormal distribution of the lymphocyte
population, justifying further checks.

[0110] The analysis that follows is intended to identify
lymphocyte elements to enable them to be counted accu-
rately.

[0111] This identification will be done using anti-CD19
and anti-CD3 antibodies conjugated with the same fluoro-
chrome PCS5 and by detection of the labelled lymphocytes by
means of the channel FL2.

[0112] One aliquot of 50 ul of blood with a known blastic
population is analysed on the equipment 1 described earlier
and subjected to the analytical steps and reagents described in
Example 3.

[0113] FIG. 15 shows a matrix obtained by means of the
two channels FSC and SSC. Three populations are observed:
L for the lymphocytes positive to labelling by the anti-CD3
and anti-CD19, N for the neutrophils and B for the lympho-
cyte elements negative to these two antibodies. The popula-
tion N is not totally distinct from the other two, L and B,
which are observed to have a degree of inter-population over-
lap. This can also be seen in FIGS. 16 to 18 corresponding,
respectively, to the matrix representations according to the
arrangements in FIGS. 3 to 5.
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[0114] FIG. 19 shows a matrix formed by means of the two
channels FL.2 and SSC. This matrix view makes it possible to
separate the three populations under consideration and espe-
cially to separate the lymphocytes which are positive from
those which are negative to anti-CD3 and anti-CD19 over the
whole of the leukocyte formula, thus enabling an accurate
count to be taken. The complementary measurement shown in
FIG. 19 allows clear differentiation of the lymphocytes posi-
tive to CD3 antibodies and to CD19 antibodies, something
which was not possible with all the predefined measurements
of the haemogram.

1. Method of differentiating and counting the cellular com-
ponents present in a sample of a biological fluid, wherein it
comprises:

a primary step of cytological analysis conventionally car-
ried out by flow cytometry to obtain a set of primary
results enabling all the cellular components of the
sample to be differentiated and counted in different
populations; and

a complementary step of cytological analysis of a particu-
lar type of cellular components, based on an identified
cellular peculiarity, to obtain complementary 10 results
enabling at least one cell population or subpopulation of
the sample to be differentiated and counted in order to
identify said cellular peculiarity.

2. Method according to claim 1, wherein first of all the
primary step is carried out on its own and in that, if the
primary results permit the identification of at least one
anomaly linked to an identified cellular peculiarity, the pri-
mary step is then carried out once again, so as to obtain the set
of primary results once more, at the same time as the comple-
mentary step, so as to obtain the complementary results
linked with this cellular peculiarity.

3. Method according to claim 2, wherein it further com-
prises a step of specific cell labelling, based on the identified
cellular peculiarity, followed by a step of cytological analysis
which makes it possible to obtain primary results for identi-
fying all the populations contained in the sample as well as the
complementary results for identifying the population(s) or
subpopulation(s) relating to the identified cellular peculiarity.

4. Method according to claim 1, wherein the primary step
of cytological analysis comprises using first measuring
means enabling all the cellular components present in the
sample to be differentiated by at least one means of electrical
differentiation including impedance or a means of optical
differentiation including diffraction, diffusion, transmission
and fluorescence.

5. Method according to claim 4, wherein the primary step
of cytological analysis comprises using one or more reagents
enabling all the cellular components present in the sample to
be differentiated.

6. Method according to claim 1, wherein the complemen-
tary step of cytological analysis comprises using secondary
measuring means enabling at least one cell population or
subpopulation present in the sample of biological fluid to be
differentiated and counted.

7. Method according to claim 6, wherein the secondary
measuring means comprise the use of at least one means of
optical differentiation.

8. Method according to claim 7, wherein the secondary
measuring means comprising one or more means of measure-
ment operating optically and capable of measuring, in unitary
or combined manner, optical parameters selected from
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among diffraction, transmission, fluorescence or absorbance,
notably at certain wavelengths or wavelength ranges.

9. Method according to claim 8, wherein the secondary
measuring 20 means are made up of at least one means of
measurement operating by fluorescence and using one or
more judiciously chosen wavelengths.

10. Method according to claim 9, wherein the secondary
measuring means operating by fluorescence operate at
selected wavelengths ranging from ultraviolet to infrared.

11. Method according to claim 3, wherein the step of spe-
cific cell labelling comprises the use of at least one marker
which enables the cellular peculiarity to be differentiated, and
in that the complementary step of cytological analysis com-
prises using secondary measuring means comprising at least
one method of measurement capable of identifying the mark-
er(s) simultaneously with the set of measurements.

12. Method according to claim 1, wherein the sample of
biological fluid is selected from among:

whole or non-whole blood, diluted or undiluted,

serum,

bone marrow, diluted or undiluted,

cerebrospinal fluid,

urine,

synovial fluid,

pleural fluid.

13. Method according to claim 1, wherein the sample of
biological fluid is a blood sample and in that the primary step
of cytological analysis comprises measurements needed to
produce ahaemogram including all or some of the parameters
of cell count, leukocyte formula and platelet count.

14. Method according to claim 3, wherein the sample of
biological fluid is a blood sample and in that the step of cell
labelling comprises using specific antibodies for labelling the
cellular components of the blood sample, 20 these antibodies
being selected from among the populations of red corpuscles,
leukocytes and platelets.

15. Method according to claim 14, wherein the step of cell
labelling comprises the use of specific antibodies for the cell
labelling of at least one specific subpopulation present in a
cell population of the blood sample.

16. Method according to claim 14, wherein the step of cell
labelling comprises the use of specific antibodies for labelling
at least one subpopulation selected from among the lympho-
cytes, neutrophils, basophils, eosinophils, monocytes, red
corpuscles, platelets, and all their precursors.

17. Method according to claim 3, wherein the step of cell
labelling is carried out with at least one antibody or a mixture
of antibodies conjugated with the fluorochrome, and in that
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the complementary step of cytological analysis uses means of
measurement by cellular fluorescence of the orthogonal fluo-
rescence type (FL2).

18. Method according to claim 3, wherein the step of cell
labelling is carried out with at least one antibody selected
from among CD3, CD4, CD8, CD9, CD10, CD11b, CD13,
CD14, CD15, CD16, CD18, CD19, CD20, CD21, CD22,
CD33, CD34, CD45, CD63, CD64, CD71, CD203, CRTH2,
FMC7 and HLA-DR.

19. Method according to claim 3, wherein the step of cell
labelling uses at least one cell marker representing a molecu-
lar probe selected from among the group comprising at least
one dye, at least one antibody conjugated with a dye or
fluorochrome.

20. Method according to claim 1, wherein the primary step
of cytological analysis and the complementary step of cyto-
logical analysis simultaneously measure different physical
characteristics of the same cellular components in the same
flow.

21. Apparatus for carrying out the method according to
claim 1, wherein it comprises equipment (1) operating by
flow cytometry, having first measuring means (14, 15,16,19)
comprising at least one measuring channel capable of mea-
suring parameters selected from among optical parameters in
the group made up of diffraction, diffusion, transmission and
fluorescence and from an electrical parameter including
impedance; secondary analysing means (17) comprising at
least one measuring channel capable of measuring optical
parameters selected from among diffraction, transmission,
fluorescence and absorbance; and a computer (20) for pro-
cessing the results obtained from the first measuring means
and secondary measuring means.

22. Apparatus according to claim 21, wherein the first
measuring means comprise an sensor (14) of axial diffraction
(FSC), a sensor (15) of orthogonal diffusion (SSC), a sensor
(16) of orthogonal fluorescence (FL.1) and an electrode (19)
for measuring resistivity (RES), and in that the secondary
measuring means comprise a sensor (17) for measuring
orthogonal fluorescence (FL.2).

23. Apparatus according to claim 21, wherein the computer
(20) is designed to carry out a correlation of the results from
the first measuring means and the secondary measuring
means and provide a graphic display of the results from the
first measuring means and the secondary measuring means.

24. Apparatus according to claim 23, wherein the computer
(20) is designed to carry out an interpretation and classifica-
tion of the cellular components according to their families or
their physical characteristics.
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