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Description

[0001] The invention relates to the analysis of the erythrocyte group and phenotype, and also to the screening for
atypical anti-erythrocyte antibodies, to the determination of the compatibility between a donor and a recipient and to the
demonstration of erythrocytes coated with antibodies or with activated serum complement fractions.

[0002] Blood transfusion nowadays consists in intravenously administering preparations of red blood cell concentrates
(blood cell concentrates) obtained from blood donors. When there is a blood transfusion, the primary risk is linked to the
possibility of an antibody and its erythrocyte antigen being reunited in the body of the recipient (the individual transfused).
There are in fact, at the surface of erythrocytes, also called red blood cells, membrane antigens, in particular blood group
(or system) antigens, capable of being recognized by the immune system and of triggering an immune response with
red blood cell haemolysis. The consequences of such an immunological reaction may range from inefficient transfusion
with no clinical sign, to a slight clinical reaction (anxiety, shivers), serious clinical reaction (shock, haemoglobinurea,
renal insufficiency) or dramatic clinical reaction (shock, disseminated intravascular haemolysis) resulting in death.
The donor’s red blood cells are said to be compatible with the recipient’s blood if the recipient does not have any circulating
antibodies directed against an erythrocyte antigen of the donor.

Among all the antigenic variants of an erythrocyte membrane antigen constituting the blood groups, more than twenty
erythrocyte antigen systems have been identified to date in humans: the ABO system with the antigens A, B and H, the
Rhesus (RH) system with in particular the antigens D (the absence of the D antigen being noted d), C, E, c and e, the
Kell (KEL) system with in particular the two antigens K and k, the Duffy (FY) system with in particular the antigens Fya
and Fyb, the Kidd (JK) system with in particular the antigens Jka and Jkb, or alternatively other systems that are less
commonly investigated in practice, such as the MNS system, the Lewis (LE) system, etc. Individuals who have the same
association of erythrocyte antigens belong to the same erythrocyte blood group.

Outside of pathological situations, such as in the case of autoimmune diseases, the serum of an individual may contain
two types of antibodies directed against erythrocyte antigens:

- (i) antibodies referred to as typical and directed against the antigens of the ABO system (for example, anti-A antibody
in an individual of group B).

- (ii) Antibodies referred to as atypical (or immune), the presence of which in the serum or plasma is circumstantial,
and which are directed more particularly against non-ABO system antigens.

The "typical" or "regular" antibodies are immunoglobulins of M and/or A isotype which are capable of agglutinating red
blood cells in vitro. This phenomenon is used to determine an individual’'s ABO group by means of the Beth-Vincent and
Simonin tests (respectively a forward or reverse grouping), the Beth-Vincent test making it possible to determine the
antibodies carried by the individual's red blood cells (antigenic phenotype) and the Simonin test making it possible to
carry out the complementary study, i.e. to determine the circulating anti-A and/or anti-B antibodies present in the indi-
vidual's serum.

In the Beth-Vincent test, the individual’s red blood cells are brought into contact with test sera, or test antibodies, each
having a precise antibody specificity, directed against an antigen of the ABO system. It is therefore a red blood cell
agglutination test with test sera.

In the Simonin test, also called reverse test, the individual’'s serum or plasma, containing the latter’s circulating antibodies,
is brought into contact with test red blood cells, or test erythrocytes, each belonging to a precise antigenic group of the
ABO system. It is therefore a serum agglutination test with test red blood cells.

The "atypical", or "irregular”, or "immune", antibodies are most commonly of G isotype, appearing when there is antigenic
stimulation by foreign red blood cells, for example following immunization against one or more antigens during a blood
transfusion or else during a pregnancy due to a maternal immunoreaction directed against the foetal erythrocyte antigens
that do not belong to the maternal blood group, in particular at the time of the birth.

The screening for these "atypical" antibodies is called Atypical Agglutinin Screen (AAS). This test is used to detect the
presence or absence, in an individual’s blood, of antibodies directed against various erythrocyte antigens. For this, it is
sought to demonstrate the binding of these antibodies (IgG and/or IgM) to test red blood cells, the antigens of which are
known. Parallel procedures are carried out with numerous types of red blood cells, the comparison of the results making
it possible to deduce the specificity or specificities of the antibodies present.

[0003] The risk associated with an immunological reaction is all the greater if this reaction involves the most immuno-
genic antigens, such as those of the Rhesus system (the gradient of dangerousness for this system being the following:
D>E>c>e>C), and then, according to an order of decreasing immunogenicity, the K antigen of the Kell system, the Fya
and Fyb antigens of the Duffy system, the Jka and Jkb antigens of the Kidd system, etc.

In practice, it is impossible to take into account all these antigens in order to perform a transfusion, otherwise one would
never have the right blood group at the right moment, even less since certain antigen combinations are very rare. The
standard transfusion therefore most commonly takes into account only the group in the ABO system and the Rhesus D
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system (Rh+ or Rh-). However, in situations where there is a risk of an atypical agglutinin appearing, a certain number
of other systems are taken into account, in particular Rhesus C, ¢, E and e and Kell, or even other systems. For these
risky situations, it will then be a case of abiding by the compatibility of the donor’s blood group with that of the recipient
blood, taking into account the presence or the risk of appearance of these atypical agglutinins.

Thus, in a recipient patient carrying atypical anti-erythrocyte antibodies or in a risky situation, such as, in particular, in
multitransfused patients who do not have atypical anti-erythrocyte antibodies and in pregnant women, it is essential to
select the erythrocyte concentrate units that will be transfused in such a way that the donor’s red blood cells will have
to be devoid of the antigens against which the recipient’s antibodies are directed or liable to appear.

In practice in transfusion, at the current time, professionals can adopt two attitudes:

- either they systematically screen for the presence of atypical antibodies in the patient’s serum or plasma, and if
such antibodies are present, they choose erythrocyte concentrates devoid of the antigenic structures in question
(this is the case most commonly encountered in France),

- or they carry out a direct cross match with the donor’s red blood cells in the presence of the recipient’s serum or
plasma, in which no agglutination and/or lysis reaction should be observed.

In clinical practice in transfusion, erythrocyte phenotyping, which corresponds to screening for and identifying the blood
group antigens at the surface of the red blood cells (with the exception of the particular ABO system, where the presence
of the corresponding typical antibodies is also screened for), involves both the recipient and the donor.

At the recipient and donor level, three levels of erythrocyte phenotype exist for providing the recipient with compatible
erythrocyte concentrates as a function of the risky situations:

- determination of the ABO grouping phenotype (or ABO grouping) and standard Rhesus phenotype (presence or
absence of the D antigen);

- determination of the Kell Rhesus phenotype (presence or absence of the C, E, c, e and K antigens); and

- determination of the extended (or broadened) phenotype, i.e. determination of the presence or absence of the
antigens of the Duffy system, Fya and Fyb, of the Kidd system, Jka and Jkb, of the MNS system and of the Lewis
system, and of other antigens that may also be investigated according to the nature of the risk and/or of the atypical
antibody revealed in the recipient’'s serum.

The techniques normally used for phenotyping consist, in general, in screening for the presence or absence of the
antigen being investigated, using test sera containing the appropriate antibodies. Preferably, these antibodies contained
in these test sera are agglutinating in nature (IgM or IgA), thereby making it possible to obtain total or partial agglutination
of the erythrocytes to be phenotyped when the latter carry the antigen corresponding to the antibody present in the test
serum. Nevertheless, it is possible to use non-agglutinating test antibodies (of IgG type), their presence being demon-
strated by agglutination by means of an anti-immunoglobulin ("Indirect Coombs" technique).

In order to screen for and identify, in the sample of serum or plasma from the patient to be tested, anti-blood group
antigen antibodies, which are typical antibodies for the ABO grouping or atypical antibodies in the case of AAS, the
patient’s serum or plasma is in general brought into contact with test erythrocytes (also called test red blood cells), of
known antigenicity in a certain number of blood group systems (ABO, Rhesus, Kell, Duffy, Kidd, MNS, etc.)). For AAS,
for which the antibodies liable to be present are rather of non-agglutinating type, the techniques used are of indirect
Coombs type, by agglutination with an anti-immunoglobulin or by immunoadhesion on a solid phase and revelation with
red blood cells coated with an anti-immunoglobulin, as described in patent EP 0367468.

In the case of AAS, in a first step, use is made of a panel of "screening" red blood cells (two or three red blood cells of
different groups chosen so as to comprise all the antigens of importance in transfusion for detecting (but not identifying)
the presence or absence of atypical antibodies). When the screening is positive, the specificity of the atypical antibody
or antibodies presentis then identified by means of at least one panel of "identifying" red blood cells, in general comprising
10 to 15, or even 20, different red blood cells phenotyped in the vast majority of the known blood group systems.

In the case of the cross match, the indirect Coombs technique is also used. Thus, the donor red blood cells originating
from samples taken from bags that may be transfused, the recipient's serum and an anti-globulin are brought together.
Such an analysis results only in the determination of the presence or absence of an antibody, and does not make it
possible to determine the specificity thereof.

There exists a large number of variants of the techniques used for phenotyping or AAS in the blood transfusion field, it
being possible for these techniques to be manual, on an opaline plate, in a tube or in a microplate well, or in a gel column,
or completely automated by means of a robot for dispensing sample and reagent, shaker, incubator, centrifuge and
automatic reader, the programmes of which are suitable for the techniques implemented.

[0004] The current techniques nevertheless have a certain number of limits.

Currently, when a blood group is determined, the final result corresponds to the cumulation of several separate results,
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which are not determined with the same test sample. The use of several test samples from the same patient affects the
reliability of the test. In addition, it requires a large volume of blood to be taken, which may be problematic in certain
patients (for example, in infants and in patients suffering from severe anaemia).

[0005] Fordetermining the ABO group in particular, the analysis is the result of the combination and the interpretation
of two types of analyses: serum analyses with plasma or serum and cell analyses using the blood cell pellet.

In the case of the atypical antibody screen, screening is generally carried out as first line, and then if the result is positive,
the sample is sorted in order to identify the specificity of the antibody. These two steps delay the moment at which the
resultis given and can cause degradation of the samples. Furthermore, the sample volume is often found to be insufficient
to continue the study (this is in particular the case with antibody mixtures), making it necessary to take a further sample
from the patient. The multiplicity of these steps requires the setting up of strict follow-up procedures in order to avoid errors.
[0006] Moreover, all the grouping and phenotyping tests based on the agglutination principle are impossible for certain
systems (Duffy, for example), where only human antibodies of isotype G are available, the latter being incapable of
directly agglutinating the red blood cells carrying the specific antigen. In this case, use is made of an additional reagent
(AHG) which recognizes these human immunoglobulins and allows bridging between the antibodies bound to the red
blood cells to be tested. However, this type of reagent cannot be used in the case of patients having red blood cells
sensitized in vivo by antibodies (autoimmune anaemia, newborn, etc.), since there is a risk of causing a non-specific
agglutination reaction (agglutination even in the absence of the antigen under consideration at the surface of the red
blood cell). It is therefore impossible to provide the phenotype for this category of patients and this causes a real public
health problem. This is because, in this case, the transfusing physician is obliged to transfuse red blood cells for which
the maximum number of antigen markers are negative, such red blood cells not always being available in therapeutic units.
[0007] In addition, with the technologies currently available, the time required to provide an exploitable result, which
often results from the combination of the results of several tests, is at least of the order of twice thirty minutes, whereas
situations requiring transfusions are generally emergency situations for which it would be desirable to be able to determine
the compatibility between the donor and the recipient in as short a time as possible. International patent application
W098/21593 discloses a method for determining ABO and Rhesus blood groups, using beads that carry antigens A
and B. International patent application WO85/01354 describes blood group phenotyping, using beads that carry anti-
bodies (forward detection) and beads that carry antigens (reverse detection). U.S. patent application 2001/054580
discloses multiplex detection by flow cytometry, using magnetic beads. U.S. patent application 2003/194818 disclose
assays using flow cytometry combined with beads of several different sizes, colours, or shapes, each bead being coated
with a different analyte. Llopis et al, Vox. Sang. Vol 70, no. 3, 1996, pages 152-156 relate to screening and identifying
red blood cell antibodies and mentions red blood cell monolayers obtained after activating the microplate with a coupling
agent.

Summary of the invention

[0008] The present invention solves these problems by providing a rapid and simple method that can be entirely
automated and that makes it possible to carry out the grouping and phenotyping of red blood cells, the screening for
atypical anti-erythrocyte antibodies, the determination of the compatibility between a donor and a recipient, and the
demonstration of red blood cells coated either with antibodies or with serum complement fractions, the method preferably
being carried out in a multiplex format with a single sample.

[0009] It is herein described an in vitro method for identifying antigenic molecules carried by erythrocytes and also
anti-erythrocyte antibodies that may be present in an individual, preferably in a multiplex format, comprising bringing a
sample into contact with distinguishable beads to which are attached a) antibodies specific to said antigens or b) eryth-
rocytes, erythrocyte membrane fragments or blood group antigens, under conditions which allow the antibodies to bind
to their antigens, where appropriate with activation of the serum complement fraction, without agglutination, in particular
of the erythrocytes or of the distinguishable beads.

[0010] More specifically, it is herein described an in vitro method for identifying antigenic molecules carried by eryth-
rocytes and/or anti-erythrocyte antibodies of an individual, comprising

a) identifying a plurality of antigenic molecules carried by erythrocytes in a biological sample, by

(i) bringing said sample containing erythrocytes into contact, in a single test receptacle, or in several separate
test receptacles, with groups of distinguishable beads, each group of distinguishable beads carrying a given
antibody, specific for an antigenic molecule carried by erythrocytes, which differs from one group of beads to
the other, under conditions which allow the erythrocytes to bind to the antibodies, without agglutination, said
erythrocytes being labelled before or after they have been brought into contact with said groups of beads,

(i) eliminating the erythrocytes which have not bound to said antibodies, and

(iii) identifying the group of beads having bound the labelled erythrocytes, thereby allowing the identification of
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the antigens carried by the erythrocytes detected;

and/or
b) identifying a plurality of anti-erythrocyte antibodies in a biological sample, by

(i) bringing said sample into contact, in a single test receptacle, or in several separate test receptacles, with
groups of distinguishable beads, each group of distinguishable beads carrying (1) erythrocytes, (2) erythrocyte
membrane fragments or (3) blood group antigens, of known phenotype which differs from one group of beads
to the other, under conditions which allow the antibodies or the activated serum complement fractions present
in the sample to bind to the erythrocytes, to the erythrocyte membrane fragments or to the blood group antigens,
without agglutination,

(ii) eliminating the antibodies or activated serum complement fractions which have not bound to said erythrocytes
or to said erythrocyte membrane fragments or to said blood group antigens,

(iii) labelling the bound antibodies and/or the bound activated serum complement fractions, and

(iv) identifying the group of beads having bound the labelled antibodies or the labelled activated serum com-
plement fractions, thereby allowing the identification of the anti-erythrocyte antibodies present.

[0011] Preferably, mode (a) and/or mode (b) are carried out in a multiplex format, in a single receptacle. The last step
a-(iii) or b-(iv) then comprises analyzing the mixture so as to identify which group of beads has bound the labelled
erythrocytes, or has bound the antibodies or the activated serum complement fractions, respectively.

[0012] Itis herein described is also a set of reagents for implementing the detection method above, comprising groups
of beads, each carrying at least one particular physical parameter that can be detected, and belonging to at least two
different groups, one of the groups carrying a capture antibody specific for an antigenic molecule carried by erythrocytes,
and the other group carrying (1) erythrocytes, (2) an erythrocyte membrane fragment or (3) a capture antigen, which is
a blood group antigen.

[0013] More particularly, the invention provides an in vitro method for identifying a plurality of anti-erythrocyte antibodies
in a biological sample, by

(i) bringing said sample into contact, in a single test receptacle, or in several separate test receptacles, with groups
of distinguishable beads, each group of distinguishable beads carrying erythrocytes of known phenotype which
differs from one group of beads to the other, under conditions which allow the antibodies or the activated serum
complement fractions present in the sample to bind to the erythrocytes without agglutination,

(ii) eliminating the antibodies or activated serum complement fractions which have not bound to said erythrocytes,
(iii) labelling the bound antibodies and/or the bound activated serum complement fractions, and

(iv) identifying the group of beads having bound the labelled antibodies or the labelled activated serum complement
fractions, thereby allowing the identification of the anti-erythrocyte antibodies present,

wherein the analysis of the mixture is carried out by flow cytometry.
Detailed description of the invention
Definitions:

[0014] In the present description, the terms "erythrocyte", or "red blood cell" are used indifferently to denote the
same blood cell.

[0015] Theterm "multiplex" means that several different antigen-antibody-type reactions are analyzed simultaneously
for a single sample in a single receptacle and using a single signal-reading system.

[0016] The term "simplex" means that the antigen-antibody-type reactions are analyzed in several separate recep-
tacles. Preferably, the analyses are nevertheless carried out simultaneously, and preferably using a single signal-reading
system.

[0017] The expression"antigenic molecule carried by erythrocytes" denotes not only any erythrocyte antigen found
physiologically at the surface of erythrocytes, in particular a blood group antigen, but also antigens present at the surface
of erythrocytes resulting from immunological reactions due to erythrocyte antigens. In this case, the term "antigenic
molecule carried by erythrocytes" comprises antibodies or activated elements of the serum complement fraction, carried
by erythrocytes sensitized in vivo.

[0018] In general, the antigenic molecules carried by erythrocytes are therefore chosen from the group consisting of
erythrocyte membrane antigens constituting the blood groups, activated serum complement fractions carried by eryth-
rocytes, and antibodies present at the surface of sensitized erythrocytes. Also included are antigenic molecules adsorbed
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onto the erythrocytes but originating from other cell populations (in particular, Lewis antigen molecules).

[0019] Theexpression"anti-erythrocyte antibody" denotes any antibody which binds specifically to an antigen carried
by erythrocytes. The term "labelling of the bound antibodies and/or of the bound activated serum complement
fractions" is understood to mean labelling of the antibodies or activated serum complement fractions which are reversibly
bound or directly embedded in the erythrocyte membrane.

[0020] The term "individual" is intended to mean any animal having a plurality of blood groups. As an animal having
a plurality of blood groups, mention may, for example, be made of the dog, in which eight different blood groups have
been identified to date, and the cat, which has three. Of course, the term "individual" also relates to human beings,
including at the foetal stage.

[0021] The term "biological sample" is intended to mean any fraction of a body fluid or of a tissue biopsy that may
contain erythrocytes or anti-erythrocyte antibodies, whether physiologically or pathologically. As a biological sample,
mention may therefore be made of a blood sample, and in particular a whole blood sample or a blood cell pellet sample
(or a blood bag), or any other blood preparation, but also saliva, sweat, tears, milk or urine when it contains blood. It is
also possible to use a plasma or serum sample for antibody screening. To determine the antigens carried by the eryth-
rocytes, the biological sample may consist of a blood cell pellet. The sample used in mode (a) may be identical to or
different from the sample used in mode (b). When the sample is identical, modes (a) and (b) can be carried out in the
same receptacle, simultaneously. The biological sample may have undergone no pretreatment.

[0022] The term "antibody" refers to any whole antibody or functional fragment of an antibody comprising or consisting
of at least one antigen combination site, which allows said antibody to bind to at least one antigenic determinant of an
antigenic compound. By way of example of antibody fragments, mention may be made of Fab, Fab’ and F(ab’)2 fragments
and also scFv chains (single chain variable fragment), dsFv chains (doublestranded variable fragment), etc. These
functional fragments may in particular be obtained by genetic engineering.

[0023] The term "capture antigen" is intended to mean an antigenic fragment attached to a solid phase, which is able
to be recognized by antibodies and to allow affinity binding with the latter. The blood group antigen attached to the beads
is a blood group antigen which may be a synthetic antigen, produced by chemical process or by genetic recombination.
It may also be an antigen purified from a biological sample.

[0024] The term "capture antibody" is intended to mean an antibody or a part of an antibody attached to a solid
phase, which is capable of retaining at least one antigenic determinant of an antigenic compound present in a biological
sample, by affinity binding.

[0025] The antibodies used as detection tools may be polyclonal or monoclonal antibodies. The production of mono-
clonal antibodies or of polyclonal antibodies that can be used in the context of the invention comes under conventional
techniques.

[0026] The monoclonal antibodies may be obtained according to the conventional lymphocyte fusion and hybridoma
culture method described by Kohler and Milstein (Nature, 256, p. 495-497(1975)). Other methods for preparing mono-
clonal antibodies are also known (Harlow et al. editors, Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory
(1988)). The monoclonal antibodies may be prepared by immunizing a mammal (for example, a mouse, a rat, a rabbit
oreven ahuman being, etc.) and by using the technique of lymphocyte fusion producing hybridomas (Kohler and Milstein,
1975, above).

[0027] Alternative techniques to this customary technique exist. Monoclonal antibodies can, for example, be produced
by expression of a nucleic acid cloned from a hybridoma. Antibodies can also be produced by the phage display technique,
by introducing antibody cDNAs into vectors, which are typically filamentous phages (for example, fUSES for E. coli, Scott
etal. (Science, 249, pp. 386-390 (1990)). The latter constitute libraries and have scFv fragments at their surface. Protocols
for constructing these antibody libraries are described in Marks et al. (1991) (J. Mol. Biol., 222, pp. 581- 597, (1991)).
[0028] The polyclonalantibodies can be obtained from the serum of an animalimmunized against an antigen, preferably
of peptide nature, according to the usual procedures.

[0029] In general, a polypeptide, in particular a recombined polypeptide, or an oligopeptide can be used, for example,
as immunogen. According to a conventional protocol, rabbits are immunized with the equivalent of 1 mg of the peptide
immunogen, according to the procedure described by Benoit et al. [PNAS USA, 79, pp. 917-921 (1982)].

Beads:

[0030] The beads generally consist of polymers that are inert with respect to the constituents of the biological samples;
they are solid and insoluble in the samples. The polymers used may be polyesters, polyethers, polyolefins, polyamides,
polysaccharides, polyurethanes or celluloses. Binders may also be used to give the particles integrity and structure.

Functional groups may be incorporated with these polymers so as to allow the attachment or the coupling of macromol-
ecules of biological interest (proteins, lipids, carbohydrates, nucleic acids). These functional groups, which are known
to those skilled in the art, may be amine (-NH2) or ammonium (-NH3* or -NR3*) functions, alcoholic functions (-OH),
carboxylic functions (-COOH) or isocyanate functions (-NCO). The monomers most commonly used for introducing
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COOH functions into polyolefins are acrylic acid or methacrylic acid.

The attachment of reagents to the surface of the beads can be carried out by electrostatic attractions, affinity interactions,
hydrophobic interactions or covalent coupling. Covalent coupling is preferred.

The beads used in the invention are particles approximately spherical in shape, of sizes that may be between 0.5 and
40 pm, preferably between 4 and 9, and more particularly between 5 and 8 pm.

The beads used here are "distinguishable" in that they have differential markers which make it possible to distinguish
them from one another by means of an appropriate detector. Each group of beads therefore has different physicochemical
properties (size, density, particle size, roughness, absorbence, fluorescence, paramagnetic components) which make
it possible to differentiate them from one another by means of suitable detectors or tools, for example a flow cytometer.
As a differential parameter for distinguishing the particles from one another, use may in particular be made of the size
of the particles, by choosing non-overlapping size ranges. In another preferred embodiment, the distinguishable particles
emit fluorescence signals. The beads which incorporate various fluorescent labels can in fact be distinguished by their
fluorescence spectrum. For this, the beads can be impregnated with one or more dyes (for example, fluorescent, lumi-
nescent, etc.), where appropriate at various concentrations, or with a label of radioisotope type, enzyme type, etc.
(Venkatasubbarao S. « Microarrays-Status and prospects » Trends in Biotechnology Dec 2004, 22(12):630-637 ; Morgan
et al, «Cytometric bead array: a multiplexed assay platform with applications in various areas of biology», Clin. Immunol.
(2004) 100:252-266). Scattering or emission of light, or a combination thereof, can also be used to distinguish between
the particles.

In a preferred embodiment, the distinguishable beads emit luminescent or fluorescent signals.

The beads used may be superparamagnetic, magnetic or magnetizable. As beads that can be used according to the
invention, mention may in particular be made of those described in US 6,872,578. According to a particularly preferred
embodiment, the beads used are fluorescent and superparamagnetic. These physicochemical properties may make it
possible, during the reaction with the biological sample, to separate the fractions captured by these microparticles from
those which are not bound. This separation can be carried out, inter alia, by centrifugation, filtration or magnetization.
Separation by magnetization is preferred, and for this, beads containing paramagnetic, ferromagnetic, ferrimagnetic and
metamagnetic components may be used. Paramagnetic components are preferred, for instance iron, cobalt, nickel or
metal oxides such as Mn,O3, Cr,0O or Fe304. The amount of magnetic components may be between (by weight) 2%
and 50%, and preferably between 3% and 25%.

[0031] The antibodies may be attached to the beads (according to a) by any appropriate technique. They may be
attached by direct covalence, or noncovalently, in particular by passive adsorption or by affinity. The direct covalent
attachment may be carried out by means of activation of the carboxylic groups present at the surface of the beads,
involving bonding via hydroxysuccinimide or carbodiimide, for example. In a specific embodiment, anti-immunoglobulin
antibodies are first attached to the beads, by covalence, and then the beads are brought into contact with the antibodies
to be attached.

[0032] The erythrocytes, the erythrocyte membrane fragments or the blood group antigens can be attached to the
beads by noncovalent bonding via a poly-L-lysine, or by means of any type of ligand such as polycations of dye type.
The erythrocytes, the erythrocyte membrane fragments or the synthetic antigens can also be attached to the beads by
covalent bonding, in particular using sodium periodate.

It has been noted, surprisingly, that the attachment of the red blood cells or of the membrane fragments, whether covalent
or noncovalent, does not impair the property that the beads have of being distinguishable according to a flow cytometry
process. Moreover, it is possible to attach to the surface of these beads, in the same manner, synthetic antigens that
are homologues of certain blood group antigens present at the surface of erythrocytes. The attachment of these antigens
does not impair the property that the beads have of being distinguishable either. Such synthetic antigens may, for
example, be polysaccharides.

[0033] The beads are subjected to measurement by a detector such as a flow cytometer, as described, for example,
in Luminex patent application WO 97/14028. Thus, subgroups of beads carrying a reactant (antibody or erythrocyte or
erythrocyte membrane) are exposed to a biological sample, each subgroup having one or more classification parameters
which make it possible to distinguish the beads of one subgroup from those of another subgroup. The beads thus exposed
to the sample then go through an examination zone (for example a flow cytometer), where the data relating to the
classification parameters (for example, the fluorescence emission intensities) are collected, and preferably also the data
relating to the presence or absence of a complex formed between the reactant and the analyte of interest (namely
between the bead and the antigenic molecule carried by the erythrocyte according to (a) or the antibody according to
(b) in the method described above).

Labelling:

[0034] The detectably labelled erythrocytes (in mode (a)) can be labelled by any technique known to those skilled in
the art. They may, for example, be labelled with a fluorescent compound, for example a fluorophore which is inserted
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into the membrane of these cells. They may also be labelled using a ligand which is itself functionalized with a fluorescent
label, this ligand being capable of recognizing structures at the surface of the erythrocytes. These ligands may, for
example, be antibodies or animal or plant lectins. These types of labelling may or may not be carried out prior to the test.
[0035] In mode b), it is the antibodies which are labelled, alternatively it is the activated serum complement fractions.
Any labelling technique is possible. The types of labelling can also be mixed.

[0036] Accordingto a specific embodiment, the antibodies are brought into contact with an anti-human immunoglobulin
antibody carrying a fluorescent, luminescent or radioactive label.

[0037] According to another specific, optionally cumulative, embodiment, the activated serum fractions are brought
into contact with an antibody which specifically recognizes the activated serum complement fractions said antibody
carrying, for example, a fluorescent, luminescent or radioactive label. Such antibodies may be monoclonal or polyclonal
and are well known to those skilled in the art.

Elimination of the unbound reagents:

[0038] Before carrying out the analysis step, the reagents which have not bound during the bringing into contact and
the incubation of the reagents should be eliminated. It is desirable to eliminate as much unbound reagent as possible
in order to reduce the background noise and therefore to obtain good specificity of the test, but conditions that are too
drastic could reduce the sensitivity of said test. A residual presence of unbound reagents is therefore generally tolerable.
The conditions for obtaining an acceptable compromise between the sensitivity and the specificity of the method can
be readily determined by those skilled in the art by means of routine experiments.

[0039] The elimination of the unbound reagents can be carried out by any technique known to those skilled in the art,
such as washing by means of repeated centrifugation steps or the use of the superparamagnetic nature of the beads
and use of a magnet.

Preferred embodiments:

[0040] As defined above, the method described herein makes it possible either to identify the antigens according to
(a), or to identify the antibodies, or else to identify the activated serum complement fractions that are bound. It also
makes it possible to use combinations of several types of identification. Thus, the identification of the antigens according
to (a) and the identification of the antibodies according to (b) can be carried out simultaneously or separately. The
identification of the antibodies according to (b) can be carried out by revealing both the antibodies and the activated
serum complement fractions.

The receptacle may be any solid container, for example a test tube, a microplate well or any receptacle that allows
reactions in an automated system. It is not necessary to centrifuge the receptacles.

[0041] The mixing of the reactants and of the analyte of interest is carried out under conditions (in particular of pH,
temperature, ionic strength, etc.) which allow specific binding of the antigens carried by the erythrocytes, to the antibodies,
without agglutination. The substantial absence of agglutination makes it possible to use in particular a flow cytometer.
In order to avoid any agglutination reaction, it is advantageous to adjust the amount and the size of the beads, and also
the concentration of the sample. The agglutination reactions satisfy mathematical laws which have in particular been
described by H.E. Hart, Bulletin of mathematical biology, vol 42, 17-36, by K.C. Chak, Bulletin of mathematical biology,
vol 42, 37-56 and by C. DeLisi, Journal of Theoretical Biology, 1974, vol 45, pages 555-575. These laws involve several
parameters such as, in particular, the size of the reagents and also their ratio by number. Those skilled in the art will
therefore choose the reaction conditions by applying these mathematical laws as a function of the reagents that they
use, such that no substantial agglutination occurs. For example, when erythrocytes and beads of size similar to those
of the erythrocytes, i.e. of the order of 7 um, are used, those skilled in the art will choose a ratio of the number of
erythrocytes to the number of beads ranging from 30 to 150.

Advantageously, it is preferable to provide for a step of chemical or enzymatic degradation of the haemoglobin, such as
a haemolysis, preferably after the attachment and before the identification of the antigens (according to a) or of the
antibodies (according to b).

The haemolysis can be carried out in various ways. For example, the mixture can be incubated in a medium of low
osmolarity. The term "medium of low osmolarity" is intended to mean in general a medium having an osmolarity of less
than or equal to 100 mosmol/L. As suitable medium of low osmolarity, mention may be made of ammonium chloride
solutions having a concentration of 40 mM or less, or distilled water. The haemolysis may also be carried out by sonication.

Applications:

[0042] The method makes it possible to carry out erythrocyte phenotyping and/or grouping, in a multiplex format.
The antigens identified by embodiment (a) of the method described herein may be any blood group antigen, i.e. of the



10

15

20

25

30

35

40

45

50

55

EP 2 160 609 B1

ABO system with the A antigen, the B antigen, the A and B antigens expressed simultaneously or the H antigen, of the
Rhesus system with the D, E, e, and C or c antigens, of the Kell system with the K or k antigen, of the Duffy system
(Fya, Fyb), of the Kidd system (Jka, Jkb) or else of other systems that are less commonly investigated in practice but
that also exist, such as MNS, Lewis, etc.

Embodiment (a) of the method described herein also offers the possibility of identifying the phenotype using a biological
sample which comes from a patient having erythrocytes sensitized in vivo by antibodies or else by serum complement
fractions. These patients are said to be "direct Coombs test-positive". They are in particular newborns or patients suffering
from haemolytic anaemia for example. The fact that the red blood cells of these patients are coated with type G immu-
noglobulins prohibits the use of reagents that mean the involvement of an anti-human globulin secondary reagent. The
indirect Coombs test cannot therefore be used in such a case. This particularity greatly limits the capacity of biologists
to establish the complete phenotype of this type of patient. In fact, many phenotyping reagents exist only in the form of
a solution of specific human antibodies of IgG type and require the use of an anti-human globulin secondary reagent.
In certain cases, it is therefore impossible to carry out the analysis, and therefore impossible to transfuse the patient,
which may, of course, affect the quality of the therapeutic procedure. To the contrary, the method described herein does
not require the use of anti-globulin secondary reagents and therefore allows the identification of erythrocyte antigens of
erythrocytes sensitized in vivo.

[0043] The antibodies or activated serum complement fractions present at the surface of erythrocytes sensitized in
vivo are themselves capable of constituting antigens carried by erythrocytes that can be identified with embodiment (a)
of the method described herein. Advantageously, the method described herein also makes it possible to determine the
isotype of the immunoglobulins present at the surface of the erythrocytes. Since certain isotypes are more dangerous
than others, it is advantageous to be able to specify the nature of the antibodies found, thus allowing the clinician to
direct his or her therapeutic procedure. Thus, according to embodiment b, by using labels for antibodies specific for
immunoglobulin isotypes, the isotype of the atypical antibody can be determined.

[0044] Embodiment (a) of the method described herein also makes it possible to reveal multiple populations of red
blood cells, i.e. red blood cells of different phenotypes (double-population), sometimes encountered in multitransfused
patients when they have undergone multiple blood transfusions not perfectly compatible with their blood group.

[0045] The method described herein also makes it possible to monitor a bone marrow grafting, by revealing very small
amounts of red blood cells synthesized once again by the patient/graft.

[0046] The method described herein also makes it possible, where appropriate, as a replacement for the Kleihauer
test, to identify foetal red blood cells present in a blood sample from the mother.

[0047] In addition, the method makes it possible, for example through analyzing fluorescence signals, to quantitatively
determine the proportion of antigens at the surface of the erythrocytes in the sample.

The method of the invention also makes a quantification of the antibodies possible. Thus, the result obtained may be in
numerical form, and available for facilitated interpretation by means of an electronic dataprocessing system.

[0048] Moreover, the method of the invention offers the possibility of identifying a plurality of anti-erythrocyte antibodies
(according to b). In general, the method makes it possible to identify any anti-ABO group specificity for the Simonin
reverse test, or any other specificities in the context of screening for atypical antibodies. In general, these antibodies
are capable of binding stably to their antigens, i.e. not only of binding to their antigens, but of remaining attached thereto,
in particular under the conditions for carrying out the method according to the invention. These antibodies can be identified
by virtue of embodiment (b) of the method according to the invention.

[0049] Moreover, itis now well known that certain particular anti-erythrocyte antibodies, by virtue of their isotype and
their variable reactivity as a function of temperature, are not capable of remaining attached to their corresponding
antigens. On the other hand, these antibodies are capable of activating all the proteins constituting the complement
system, and in particular serum fractions C1q, C3 and C4. The result of this activation leads to the formation of modified
proteins such as the C3b, C3dg and C3d proteins, which, in the case of the latter two, remain anchored in the erythrocyte
membrane, whereas the initiating antibody is eliminated from the surface of the red blood cell. This complex process is,
however, directly linked to the initial and specific reaction of the primary binding of the antibody to the erythrocyte antigen.
Embodiment (b) of the method according to the invention, which identifies the activated serum fractions, makes it possible
to identify the initial antibody.

[0050] Advantageously, the method of the invention also makes it possible to determine the isotype of the immu-
noglobulins present in the serum of patients, for example of pregnant women. This is of major interest for monitoring
foetel anaemia. This is because it has now been demonstrated that the seriousness of haemolytic disease of the newborn
depends on the isotype of the antibodies present in the mother and directed against the antigenic determinants of the
child’s erythrocytes (Lambin et al, Transfusion, 2002, vol 42, pp1537-1546). Since some isotypes are more dangerous
than others, it is advantageous to be able to specify the nature of the antibodies found, thus allowing the clinician to
direct his or her therapeutic procedure.

[0051] Furthermore, particularly advantageously, the method according to the invention allows complete determination
of the blood group of an individual in the ABO system with both the erythrocyte antigens carried by the red blood cells
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and the anti-erythrocyte antibodies present in the blood of the individual being determined using a single test sample,
by implementing embodiments (a) and (b) of the method described herein simultaneously and in the same receptacle.
[0052] In addition, according to a specific embodiment of the method described herein, the latter is carried out in order
to verify the cross match. It is therefore a question of cross matching all the blood group antigens (not only ABO). In this
case, (i) a sample of the patient's serum or plasma is brought into contact, simultaneously, preferably in a single test
receptacle, with groups of distinguishable beads carrying the erythrocytes that must be transfused, under conditions
which allow the possible antibodies present to bind to the erythrocytes, (ii) the antibodies which have not bound to said
erythrocytes are eliminated, (iii) the antibodies which are bound are labelled, in particular using an anti-globulin labelled,
for example, with a fluorescent label, then (iv) the mixture is analyzed, preferably by flow cytometry, so as to determine
whether a group of beads has bound antibodies, binding of a group of beads signifying that the erythrocytes that must
be transfused are not a perfect match for the patient.

[0053] Such an application is made possible because of the high reliability of the method of the invention.

[0054] Advantageously, the method makes it possible to obtain complete, reliable results in only a few minutes. More
specifically, it is possible to give a complete result in less than one hour, or even in less than 30 minutes.

[0055] Moreover, the method of the invention has very good sensitivity, at least similar to those of the techniques
currently marketed, such as gel column filtration.

[0056] The method of the invention also makes it possible to considerably reduce the volume of the test sample taken.
Today, the reactions are generally carried out with a test sample of 25 pl for each test, i.e. 575 pl in the case of an AAS
with 20 different red blood cells and 3 screening red blood cells. To carry out the method of the invention, 50 to 100 pl
only are, for example, sufficient.

[0057] The following figures and examples illustrate the invention without limiting the scope thereof.

FIGURE LEGEND:

[0058]

Figure 1 is a scheme which illustrates a direct immobilization of antibodies on a Luminex® bead.

Figure 2 is a scheme which illustrates an immobilization of antibodies on beads, by affinity, on a Luminex® bead.
Figure 3 is a scheme which illustrates the labelling of red blood cells of various phenotypes with a fluorescent
intramembrane compound.

Figure 4 is a scheme which illustrates a procedure for immobilizing red blood cells on Luminex® beads by means
of poly-L-lysine.

Figures 5A to 5D show multiplexed phenotyping of red blood cells.

Figure 6 is a scheme which illustrates the simultaneous identification and multiplexed phenotyping of red blood cells
from a "direct Coombs-positive" patient.

Figure 7 is a scheme which illustrates the multiplex detection of the anti-D antibody.

Figure 8 is a graph which shows the multiplex calibration of the anti-D antibody.

Figure 9 is a graph which shows the simplex calibration of the anti-D antibody in the reference serum from the Centre
de Référence pour les Groupes Sanguins (CNRGS) [Blood Group Reference Centre].

Figure 10 is a scheme which illustrates the multiplex detection of anti-D and anti-Fya antibodies.

Figure 11 is a scheme illustrating multiplex grouping on samples of blood cell pellet or whole blood type.

EXAMPLES:

Example 1: Phenotyping and grouping

[0059] The objective of this analysis is to identify, by means of specific monoclonal antibodies, the blood group antigens
present at the surface of red blood cells from donors or from patients (group ABO, RH, Duffy, Kidd, Lewis, etc.).
[0060] In order to demonstrate the possibility of phenotyping/grouping red blood cells with the technology of the
invention, fluorescent beads are used to immobilize the anti-red blood cell antibodies. Antibodies of different antigenic
specificities can thus be bound to various regions of beads that have different colours.

[0061] As forthe red blood corpuscles, they are labelled with a fluorescent compound compatible with the wavelengths
of the reporter laser of the apparatus sold under the name "Bioplex 200" by the company Bio-Rad.

[0062] After labelling, the red blood cells are incubated with the sensitized beads. It is thus possible to detect the red
blood cells attached to the beads and thus to determine their antigenic specificities.
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1.1 - Material and reagents
- Beads:

[0063] The beads used are manufactured by Luminex (Luminex Corp., Austin Texas, United States). They are super-
paramagnetic beads 8 um in diameter, composed of polystyrene and methacrylic acid (COOH function).

[0064] In this example, fluorescent superparamagnetic beads having various bead regions 19, 21, 32, 34 (Internal
Standard Beads (ISB)), 71 and 98 (Blank Beads (BB)) are used.

[0065] The beads (ISB) having bead region 34 are functionalized with a rhodamine derivative and are used as an
internal fluorescence control. These beads should produce fluorescence values of between 5000 and 15 000 RFI.
[0066] The region-98 BB beads are saturated with bovine albumin. These beads cannot bind either antigens nor
antibodies and are therefore used to verify the absence of non-specific binding. These beads should produce fluorescence
values of less than 1000 RFI.

- Anti-human immunoglobulin monoclonal IgG antibody, clone 125A15 (Bio-Rad).

- Anti-human IgM (mu) polyclonal antibody (Bio-Rad).

- Anti-D IgG (clone H2D5D2F5), anti-Fya IgG (clone 5T72A13F5A93) and anti-S IgM (clone MS94) monoclonal
antibodies (Bio-Rad, Millipore).

- PKH26 cell labelling kit (Sigma).

- Diluting medium sold under the names "ScanLiss" code 86442 and "Stabiliss" code 86550 by the company Bio-Rad.

- Gel cards sold under the name "ScanGel Coombs" code 86432 for atypical antibody screening (Bio-Rad) .

- Gel cards sold under the names "ScanGelRhK" code 86428 and "ScanGel Neutral" code 86430 (Bio-Rad).

- Phenotyped red blood cells sold under the names "ScanPanel" code 86593 and "ScanCell" code 86595 for atypical
antibody screening by the gel card technique (Bio-Rad).

- Concentrated phenotyped blood cell pellets conserved in SAG-MAN medium (EFS Nord de France).

- Direct Coombs-positive and/or -negative red blood cells originating from patient samples.

- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NaCl, 0.1% (v/v) proclin.

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).

1.2 - Protocol
1. 2.1. Sensitization of beads with blood group antibodies

[0067] The immobilization of the antibodies at the surface of the beads can be carried out according to two different
principles. In the first case, the antibodies are immobilized by covalence directly on the beads (Figure 1). The second
approach consists in carrying out the immobilization of the anti-red blood cell antibodies noncovalently, by affinity. In
this case, the attachment is carried out by means of an anti-immunoglobulin antibody attached by covalence to the bead
in a first step (Figure 2). This approach was selected in the examples presented.

[0068] Beads having bead regions 19, 21 and 32 were used for the covalent immobilization of the anti-human immu-
noglobulin. Fluorescent beads having bead region 71 were used for the covalent immobilization of the anti-human IgM.
The carboxylic groups present at the surface of the beads were activated according to a technique involving a hydrox-
ysuccinimide and a carbodiimide. The proteins could thus be immobilized via their amine groups.

The beads thus prepared are stored at + 4°C at a concentration of 3 mg/ml in PBS, pH 7.4, containing 10% (w/v) of
BSA, 0.5% (v/v) of Tween 20 and 0.09% (w/v) of sodium azide.

[0069] The beads carrying the immobilized anti-human immunoglobulin can be sensitized with anti-D IgG or anti-Fya
IgG blood group antibodies. The anti-immunoglobulin in fact allows the IgGs to bind via their Fc fragment. The blood
group antibodies are therefore non-covalently immobilized on the beads using this principle. Each bead region is sen-
sitized with an antibody of different specificity. The anti-immunoglobulin chosen has a high affinity for human immu-
noglobulins, thus allowing this binding to be stable over time.

The nonpurified anti-D and anti-Fya are used at the respective final concentrations of 30 and 10 wg/ml with beads
functionalized with anti-Fc at 80 pg/mg.

The sensitization with the blood group antibodies is carried out in PBS, pH 7.4, with agitation at 37°C for one hour.
After sensitization, the beads are rinsed several times and then stored at +4°C in PBS, pH 7.4.

The beads carrying the immobilized anti-mu can be sensitized with the anti-S IgM. The anti-mu in fact allows binding of
IgMs. The affinity of this anti-mu polyclonal serum is sufficient to ensure binding that is stable over time. The nonpurified
anti-S is immobilized on beads functionalized with anti-mu at 40 p.g/mg. The sensitization is carried out in PBS, pH 7.4,
with agitation at 37°C for one hour. After sensitization, the beads are rinsed several times and then stored at +4°C in
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PBS, pH 7.4.
Before incubation with the red blood cells (test per se), the beads sensitized with the blood group antibodies are mixed
with control region-34 beads (ISB) and control region-98 beads (BB).

1.2.2. Labelling of red blood cells

[0070] The labelling of red blood cells with a fluorescent compound can be carried out using various principles. In the
examples presented, the red blood cells are labelled using PKH26, which is a fluorophore that is inserted into the red
blood cell membrane. Red blood cells of varied phenotypes can thus be labelled according to an identical protocol (Figure
3).

PKH26 is a fluorescent probe sold by the company Sigma. This probe has a maximum excitation at 551 nm and a
maximum emission at 567 nm.

The kit includes the fluorescent label, which has a long aliphatic chain allowing it to be incorporated into the lipid layer
of cell membranes, and also an isoosmotic aqueous diluent containing no salt, buffer or organic solvent. This diluent
makes it possible to maintain the cell viability, the label solubility and the labelling efficiency at high levels. The labelling
of red blood cells with PKH26 is carried out using the protocol recommended by the manufacturer. The red blood cells
thus labelled are diluted in the Stabiliss buffer and stored in the dark at +4°C.

[0071] The quality, the viability and the stability of the labelled red blood cells are verified over time by carrying out
phenotyping assays according to a gel technique. The antigenic integrity of the labelled red blood cells is compared with
that of nonlabelled red blood cells. The quality and the stability of the fluorescent labelling are, for their part, studied by
carrying out fluorescence measurements using the "Bioplex 200" apparatus from Bio-Rad.

1.2.3. Incubation of blood group antibody-beads and red blood cells

[0072] In order to demonstrate the feasibility and verify the specificity of the grouping according to the technology in
accordance with the invention, the inventors carried out the reactions in a unitary manner. In this case, the beads
functionalized with the blood group antibodies are incubated individually with red blood cells of varied phenotypes.

In the case of the multiplexed reactions, different blood samples are brought into contact individually with beads having
different bead regions and sensitized with antibodies of different specificities. This type of experiment made it possible
to verify the possibility of detecting several antigenic blood group specificities in the same test sample.

[0073] The sensitized beads are mixed with the red blood cells so as to obtain ared blood cell/bead ratio of approximately
50 to 150. The mixture is incubated for 15 minutes with agitation at 37°C.

After incubation, the bead-red blood cell complexes are washed several times with distilled water.

1.2.4. Measurements by flow cytometry using the "Bioplex 200" automated device from the company Bio-Rad

[0074] After the final wash and before the measurements, the complexes are diluted with 185 I of "coating liquid"
medium. For each test, 25 pl of suspension are automatically injected into the apparatus. The measurements are carried
out by capture of 250 beads per region. For each grouping/phenotyping series, systematic controls are carried out in
order to verify the specificity of the reactions studied.

1.3. Simplex/multiplex phenotyping/grouping examples

[0075] The objective of this series of tests is to demonstrate the feasibility of the phenotyping/grouping of red blood
cells in unitary and/or multiplexed mode. The D, Fya and S antigens are selected as models. Beads sensitized with an
anti-human immunoglobulin or anti-mu chain antibody are used to immobilize anti-D, anti-Fya and anti-S antibodies.

1.3.1. Unitary phenotyping of RH D-positive red blood cells

[0076] The beads sensitized with the anti-D antibody were incubated with Rh D-positive and Rh D-negative red blood
cells labelled with PKH26, using a red blood cell number/bead number ratio of 150.

Two RH D-positive red blood cells and two RH D-negative red blood cells were used. Each sample was injected into
the apparatus in duplicate.

The RH D-positive red blood cells produce strongly positive signals of the order of 21 000 to 25 000 RFI, whereas the
RH D-negative red blood cells exhibit negative signals of between 40 and 400 RFI.

The ISB 34 control beads that give signals of the order of 6500 RFI and the BB 98 control beads that give less than
1000 RFI validate the results. The various negative controls carried out exhibit signals of between 15 and 400 RFlI,
confirming the specificity of the reactions. The RH D-positive and RH D-negative red blood cells do not in fact bind to
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the beads in the absence of anti-D antibodies.

[0077] These results demonstrate the possibility of distinguishing very clearly the RH D-positive and RH D-negative
red blood cells and therefore of identifying the D antigen at the surface of red blood cells.

[0078] The unitary phenotyping of Fya and S red blood cells can be carried out according to the same principle, using
isotype G-specific or isotype M-specific antibodies.

1.3.2. Multiplex phenotyping of D, Fya and S red blood cells

[0079] The principle of the multiplexed phenotyping is summarized in Figures 5A to 5D.

In this case, region-19 beads sensitized with an anti-D antibody were mixed with region-21 beads sensitized with an
anti-Fya antibody and also with region-71 beads sensitized with an anti-S antibody.

[0080] This mixture of beads was incubated with red blood cells having different D, Fya and S phenotypes: D+Fya+S+
/ D+Fya-S-/ D-Fya+S-/D-Fya-S-/ D-Fya-S+/ D-Fya+S+ / D+Fya-S+/ D+Fya+S-. Ared blood cell number/bead number
ratio of 50 was used. Positive signals of between 13 000 and 29 000 RFI are obtained when the beads sensitized with
a given antibody bind a red blood cell having the corresponding antigenic specificity.

A perfect correlation is observed between the fluorescent signals measured and the phenotype of the red blood cells
used to carry out the test.

When a bead sensitized with an antibody is brought into contact with a red blood cell that does not carry the corresponding
antigen, a signal of less than 1000 RFI is obtained. Moreover, the controls carried out with beads not antibody-sensitized
produce negative signals irrespective of the red blood cell used.

These results demonstrate that the signals measured are specific: the bead-red blood cell binding occurs only when an
antigen-antibody pair is involved.

[0081] The results obtained with the control beads ISB 34 (11 000 RFI) and BB 98 (less than 1000 RFI) validate the
analyses.

The intra-test variation coefficients are between 1% and 10%, which demonstrates a satisfactory intra-test reproducibility.
[0082] These results demonstrate the feasibility of the three-parameter multiplexed phenotyping of red blood cells
according to the technology according to the invention.

1.3.3. Multiplexed phenotyping of Direct Coombs-positive (CD +) red blood cells

[0083] The use of the multiplexed approach with microbeads makes it possible to identify the CD+ nature and to
phenotype the red blood cells simultaneously according to a principle described in Figure 6.

[0084] Region-32 beads sensitized with the anti-Fc antibody are mixed with region-19, -21 and - 71 beads respectively
sensitized with an anti-D, anti-Fya and anti-S antibody. The CD+ red blood cells, sensitized in vivo with an antibody,
can bind to the anti-human immunoglobulin carried by the region-32 beads, thereby making it possible to identify the
CD+ characteristic. Moreover, these red blood cells can also bind to the region-19, - 21 and -71 beads carrying the
antibodies specific for the D, Fya and S antigens, according to the specificities present on the red blood cell membrane.
[0085] This approach was demonstrated using a red blood cell number/bead number ratio of the order of 40.

[0086] The ISB 34 and BB 98 control beads produce expected signals, i.e. respectively of the order of 13 000 RFI and
less than 1000 RFI, and validate the results.

[0087] Thetwo CD+redblood cells produce positive signals greater than 30 000 RFIwith the region-32 beads sensitized
with the anti-human immunoglobulin antibody. The two CD-negative red blood cells produce, for their part, negative
signals of less than 500 RFI with this same bead region. These results demonstrate the possibility of identifying CD+
red blood cells by virtue of their specific binding using an anti-globulin coupled beforehand to a bead of given bead region.
[0088] Furthermore, the results also demonstrate that the multiplexed phenotyping of the erythrocyte antigens of CD+
red blood cells can be carried out simultaneously with the identification of the CD+ nature. In fact, one of the CD+ red
blood cells is phenotyped D+Fya-S- and the other D+Fya+S+.

[0089] The S phenotype of these two samples was verified according to a conventional technique using anti-S anti-
bodies of IgM type. The results obtained are perfectly correlated with those obtained according to the new technique.
[0090] On the other hand, as regards the anti-Fya phenotype, this same analysis could not be carried out. There is in
fact no reagent of IgM type for phenotyping red blood cells. However, a difference is observed for the Fya phenotype
according to the CD+ red blood cell analyzed, which validates the results and makes it possible to exclude a phenomenon
of nonspecific binding.

[0091] The variation coefficients are for most of the samples between 1% and 5%, which shows a satisfactory intra-
test reproducibility.
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Example 2: Atypical antibody screen - unitary and multiplexed methodology

[0092] The atypical antibody screen (AAS) is generally carried out according to the most sensitive methods (filtration
through a gel sold by the company Bio-Rad in the "ScanGel" range, sold by the company Diamed under the name
"Diamed ID", or according to an immunoadhesion methodology in microplate format, sold by the company Immucor,
Capture® range). In the first two cases, it uses red blood cells the phenotype of which is known and which are incubated
with the serum or plasma sample to be examined. The specific antibodies, possibly present, bind to the surface of the
red blood cells. They are subsequently revealed using a reagent containing an anti-human immunoglobulin antibody.
In the case of a positive reaction, a red blood cell agglutinate is formed. If the reaction is negative, the red blood cells
are free and no aggregate is formed. By using panels of red blood cells which have or do not have various antigens, it
is then possible to determine the specificity of the antibodies present in the sample.

[0093] The objective of this series of tests is to use beads on which phenotyped red blood cells are immobilized via
poly-L-lysine (PLL) in order to carry out the detection of IgG-type blood group antibodies according to the technology in
accordance with the invention using a flow cytometer.

A phycoerythrin (PE)-labelled anti-Fc antibody conjugate is used to detect the atypical antibodies bound.

2.1 - Material and reagents
- Fluorescent superparamagnetic beads having bead regions 17, 21, 32 and 36

[0094] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0095] Region-34 (internal standard beads (ISB)) and region-98 (blank beads (BB)) control fluorescent beads.
[0096] Poly-L-lysine (PLL) of molecular weight 70 000-130 000.

- Anti-human immunoglobulin monoclonal IgG antibody, clone 125A15 (Bio-Rad) coupled to phycoerythrin (PE) with
a ratio of 2 antibody equivalents per PE equivalent.

- Anti-D (clone H2D5D2F5) and anti-Fya (clone 5T72A13F5A93) monoclonal IgG antibodies (Bio-Rad).

- Anti-RHI National Standard (Centre de Référence pour les Groupes Sanguins [Blood Group Reference Centre],
France).

- Phenotyped red blood cells sold under the names "ScanCell" and "ScanPanel" for atypical antibody screening (Bio-
Rad).

- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NacCl, 0.1% (v/v) proclin).

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).

2.2- Protocol
2.2.1. Sensitization of beads with PLL

[0097] Theregion-17,-21, -32 and -36 neutral beads are incubated with 25 png/ml of PLL in PBS, pH 7.4, for 18 hours
at ambient temperature and with agitation. At the end of this step, the beads are washed in PBS, pH 7.4, and then used
to immobilize the red blood cells.

2.2.2. Immobilization of red blood cells on the beads

[0098] The bead-red blood cell reagents are prepared by mixing the PLL-coated beads and the red blood cells in a
red blood cell number/ bead number ratio equal to 100. The incubation is carried out in PBS, pH 7.4, with agitation for
5 minutes at ambient temperature. Each bead region is used to immobilize a single type of red blood cell of known and
different phenotype. At the end of this step, the bead-PLL-red blood cell reagents are washed with PBS, pH 7.4, and
then with distilled water. The bead-red blood cell reagents thus prepared are stored in PBS, pH 7.4, at +4°C.

[0099] The principle of immobilizing red blood cells on beads by means of PLL is summarized in Figure 4.

[0100] The binding of the red blood cells by means of PLL is sufficiently solid so as not to allow them to detach during
the tests and analyses.

[0101] Before incubation with the antibodies being screened, the bead-PLL-red blood cell reagents are mixed with the
region-34 (ISB) and region-98 (BB) control beads.
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2.2.3. Reaction of the bead-PLL-red blood cell reagents with the antibodies

[0102] In the case of unitary reactions, the bead-red blood cell reagents are used individually and incubated with
different antibodies in order to verify the specificity of the reactions.

[0103] In order to carry out the multiplexed reactions, the beads sensitized with various red blood cells of known
phenotypes are mixed and then incubated with the antibody or antibodies to be detected.

[0104] The antibodies to be measured are diluted either in protein-rich buffer (0.15 M NaCl, 60 g/l BSA) or in PBS
buffer, pH 7.4, before incubation with the bead-PLL-red blood cell reagents.

[0105] Inallcases, 125 pl of bead-PLL-red blood cell reagents are mixed with 125 pl of antibodies and then incubated
for 60 minutes with agitation at 37°C.

[0106] After incubation, the complexes are washed several times.

2.2.4. Revelation of the complexes using PE-labelled anti-Fc

[0107] In order to detect the bead-PLL-red blood cell-antibody complexes, an antibody specific for the Fc fragment of
human immunoglobulins, labelled with PE, is used. This antibody conjugate is used at a concentration of 60 ng/ml in
PBS pH 7.4, and is incubated with the complexes for 15 minutes at 37°C with agitation. The complexes are then washed
with distilled water.

2.2.5. Measurements

[0108] After the final wash and before the measurements, the complexes are taken up with 185 pl of coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of 250
beads per region.

[0109] For each series, systematic controls are carried out in order to verify the specificity of the reactions studied.
Foreach antibody tested, a negative control is carried out using phenotyped red blood cells not carrying the corresponding
antigenic specificity.

2.3- Simplex/multiplex AAS examples
2.3.1. Multiplexed detection of the anti-D monoclonal antibody in a protein-rich medium

[0110] The antibody was detected using a mixture of beads of various bead regions, sensitized with red blood cells
of known phenotypes.

Region-17 beads coated with PLL were used to immobilize a red blood cell phenotyped D, CC, ee. A red blood cell of
phenotype D, cc, EE was immobilized on region-32 beads and a red blood cell of phenotype d, cc, ee was immobilized
on region-36 beads.

The region-36 beads coated with D-negative red blood cells were used as negative controls in order to verify the specificity
of the reaction.

The sensitized beads were mixed and then incubated with the anti-D monoclonal antibody prepared at various concen-
trations in 0.15M NaCl buffer, 60 g/l BSA. The detection was carried out with the PE-labelled anti-Fc conjugate.

The principle of this approach is summarized in Figure 7.

[0111] The results are given in Figure 8.

It is observed that the response with respect to the red blood cells that do not have the D antigen (bead 36) exhibits
values of less than or equal to 1000 RFI which correspond to negative responses. On the other hand, with the beads
supporting red blood cells having the D antigens (beads 32 and 17), the values obtained are much higher (of the order
of 2000 to more than 7000 RFI). Furthermore, the positive signals are correlated with the concentration of anti-D antibody
involved, the detection limit according to this format being around 5 ng/ml.

For the same concentration of anti-D antibody, variations in positivity can be noted according to the phenotype of the
red blood cell attached to the surface of the beads. This phenomenon is known in immunohaemotology and is related
to the difference in antigenic expression of the D antigen.

These results demonstrate the specificity of the detection carried out with the multiplex format under consideration.
Moreover, the region-34 and -98 control beads give the expected signal levels, i.e., respectively, of the order of 1 1 000
RFI and less than 1000 RFI.

2.3.2. Unitary detection of the reference anti-D polyclonal antibody in a reference serum

[0112] A CNRGS [National Blood Group Reference Centre] anti-D national reference standard was used to carry out
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the unitary detection of the anti-D antibody in a protein-rich medium approaching a plasma.

[0113] A red blood cell of phenotype D, cc, EE was immobilized on region-32 beads. A negative control was carried
out separately using a red blood cell of phenotype d, cc, ee immobilized on region-21 beads. The standard was diluted
in a 0.15M NaCl buffer containing 60 g/l of BSA.

[0114] The results, given in Figure 9, show that the reference antibody can be detected at a concentration of less than
1 ng/mlin the presence of red blood cells of RH D phenotype. The dynamic range extends linearly to at least 100 ng/ml,
the results obtained in the presence of beads carrying an RH D-negative red blood cell being less than 650 RFI. The
values for the control beads (ISB and BB) make it possible to validate the results observed.

2.3.3. Multiplexed detection of several monoclonal blood group antibodies

[0115] In this case, the region-17 beads were sensitized with red blood cells of phenotype D, CC, ee, Fya-b+, the
region-32 beads were sensitized with red blood cells of phenotype dd, cc, ee, Fya+b- and the region-21 beads were
sensitized with red blood cells of phenotype D, cc, EE, Fya-b+.

The 3 types of beads were mixed and then incubated with the anti-D and anti-Fya monoclonal antibodies used separately
or as a mixture. All the steps were carried out in PBS, pH 7.4. The principle of this approach is given in Figure 10.
[0116] The region-34 and -98 internal control beads produce the expected signal levels, i.e., respectively, of the order
of 1 1 000 RFI and less than 1000 RFI. A perfect correlation is observed between the phenotype of the red blood cells
used during the sensitization of the beads and the antibodies present in the reaction mixtures. Thus, positive signals of
the order of 6000 to 25 000 RFI are observed when the anti-D and anti-Fya antibodies are incubated in the presence of
red blood cells carrying the corresponding antigens. The incubation of the antibodies with red blood cells not carrying
the corresponding antigens produces negative signals of less than 1000 RFI. The reactions are specific.

[0117] These results demonstrate the validity of the approach considered for carrying out the multiplexed detection
of several antibodies present in the same sample.

Example 3: Cross match

[0118] The objective of this analysis is to be sure that, in the context of a transfusion of one or more blood cell
concentrates from donors to a recipient, there is complete donor-recipient compatibility and, where appropriate, to
demonstrate an incompatibility linked to the presence of antibodies in the recipient’s plasma, directed against blood
group structures carried by the red blood cells of the donor(s).

[0119] In order to demonstrate the possibility of carrying out the cross match in the technology of the invention,
fluorescent beads are used to immobilize the donor’s red blood cells via poly-L-lysine (PLL). This immobilization is carried
out by simple contact between the beads and the donor’s red blood cells, for a minimum amount of time (5 min) and
extemporaneously.

[0120] These beads are then placed in the presence of the recipient’s plasma or serum. The possible presence of
antibodies from the recipient directed against the donor’s antigens is detected by an anti-Fc antibody conjugate labelled
with phycoerythrin (PE).

3.1. Material and reagents
- Fluorescent superparamagnetic beads having bead region 38

[0121] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0122] Region-34 (internal standard beads (ISB)) and region-98 (blank beads (BB)) control fluorescent beads.

- Poly-L-lysine (PLL) of molecular weight 70 000-130 000.

- Anti-human 1gG mouse IgG monoclonal antibody, clone 125A15 (Bio-Rad) coupled to phycoerythrin (PE) with a
ratio of 2 antibody equivalents per PE equivalent.

- Phenotyped blood cell concentrates conserved in SAG-MAN medium (EFS Nord de France).

- Diluting medium sold under the name "ScanLiss" code 86442 by the company Bio-Rad

- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NacCl, 0.1% (v/v) proclin).

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).
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3.2. Protocol
3.2.1. Sensitization of beads with PLL

[0123] The bead-PLL reagentis prepared by incubating region-38 neutral beads with 50 p.g/ml of PLL in PBS, pH 7.4,
for 18 hours at ambient temperature and with agitation. At the end of this step, the bead-PLL reagent is washed with
PBS buffer, pH 7.4, and then used to immobilize the donor red blood cells.

3.2.2. Extemporaneous immobilization of donor red blood cells on the beads

[0124] The bead-PLL reagent is brought into contact with the red blood cells of the various donors, each donor being
treated separately.

[0125] Twenty-five microlitres of bead-PLL reagent are mixed with 25 pl of donor red blood cells diluted in ScanLiss
in a red blood cell number to bead number ratio equal to 100. The incubation is carried out with agitation for 5 minutes
at ambient temperature.

[0126] Afterincubation, the bead-PLL-red blood cell complexes are washed several times with distilled water and then
taken up in 25 pl of PBS-BSA 10 g/l, pH 7.4.

[0127] The principle of immobilization of red blood cells on the beads by means of PLL is summarized in Figure 4.
[0128] The attachment of the red blood cells by means of the PLL is sufficiently solid to prevent them from detaching
during the test and the analyses.

[0129] The bead-PLL-red blood cell complexes thus prepared and the region-34 and region-98 control beads are then
incubated with the samples to be tested.

3.2.3. Reaction of the bead-PLL-red blood cell complexes with the antibodies

[0130] Twenty-five microlitres of bead-PLL-red blood cell complex are mixed with 50 wl of patient plasma or serum to
be tested and incubated for 15 minutes with agitation at 37°C. After incubation, the complexes are washed several times
with PBS buffer, pH 7.4.

3.2.4. Visualization of the complexes with the PE-labelled anti-Fc

[0131] To detect the bead-PLL-red blood cell-antibody complexes, a PE-labelled antibody specific for the human
immunoglobulin Fc fragment is used. This antibody conjugate is used at a concentration of 5 wg/ml in PBS, pH 7.4, and
is incubated with the complexes for 15 minutes at 37°C with agitation. The complexes are then washed several times
with PBS buffer, pH 7.4.

3.2.5. Flow cytometry measurements using the "Bioplex 200" apparatus from the company Bio-Rad

[0132] After the final wash and before the measurements, the complexes are taken up with 35 pl of the coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of 250
beads per region.

[0133] Various donor red blood cells were used. For each donor red blood cell, negative controls were tested in order
to verify the specificity of the reactions studied.

3.3. Cross match example

[0134] Region-38 beads coated with PLL were used to immobilize red blood cells from three different donors: one
donor of phenotype D, cc, kk, SS, one donor of phenotype dd, CC, kk and one donor of phenotype dd, cc, K+, ss. Each
donor-recipient pair was tested separately.

[0135] The sensitized beads were incubated with various sera known to exhibit anti-D, anti-c, anti-K or anti-S reactions.
These sera represent sera from recipients that may potentially show an incompatible cross match with the chosen donor
red blood cells. These sera were chosen so as to react with blood antigen systems that are different in terms of structure
and antigen presentation and also in terms of antigen density on the red blood cell.

[0136] Twelve donor plasmas were also tested and used as negative controls in order to verify the specificity of the
reaction.

[0137] The detection was carried out with the PE-labelled anti-Fc conjugate.

[0138] The results are given in Table | below.
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Table I: Cross match

Recipient plasma/serum | Donor red blood cell | Expected result | Observed result | Transfusion danger
Donor O0R2R2 (D) + + incompatibility
Anti-D serum No. 42
Donor Orr (dd) - - compatibility
Donor 0R2R2 (cc) + + incompatibility
Anti-c serum No. 62 Donor OR1R1 (CC) - - compatibility
Donor Orr (cc) + + incompatibility
Donor 0R2R2 (kk) - - compatibility
Anti-K serum No. 70 Donor OR1R1 (kk) - - compatibility
Donor Orr (K+) + + incompatibility
Donor O0R2R2 (SS) + + incompatibility
Anti-S serum No. 54
Donor Orr (ss) - - compatibility

[0139] The 12 donor plasmas make it possible to define an average negative value of less than 1100 RFI.

[0140] The sera which do not show incompatibility with the donor red blood cells produce values of less than 1000
RFI and sample value/average negative value ratios close to 1. On the other hand, the sera which show incompatibility
with the donor red blood cells give results of the order of 3000 to 27 000 RFI and sample value/average negative value
ratios of the order of 3 to 27.

[0141] Moreover, the region-34 and -98 control beads give the expected signal levels, i.e., respectively, of the order
of 8000 RFI and less than 1000 RFI.

[0142] This method makes it possible to clearly demonstrate a donor/recipient incompatibility, in blood systems as
different as the Rhesus, Kell or MNS system.

Example 4: Reverse ("serum" or "Simonin") ABO grouping test

[0143] The objective of this analysis is to show the presence or absence, in a blood sample, of natural antibodies
directed against the A and/or B blood group antigens. The result of this analysis, combined with that obtained in a direct
test, makes it possible to establish the ABO group of the sample. The sample used in the reverse ABO grouping test
may be a serum, plasma, or whole blood sample.

[0144] To demonstrate the possibility of carrying out this application within the technology of the invention, fluorescent
beads are used to immobilize red blood cells of known ABO group via poly-L-lysine (PLL).

[0145] These beads are then brought into contact with the sample to be tested. The presence of antibodies is detected
using an anti-human immunoglobulin antibody conjugate labelled with phycoerythrin (PE).

4.1. Material and reagents
- Fluorescent superparamagnetic beads having bead regions 38 and 71

[0146] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0147] Region-34 (internal standard beads (ISB)) and region-98 (blank beads (BB)) control fluorescent beads.

- Poly-L-lysine (PLL) of molecular weight 70 000-130 000.

- Anti-human IgM goat polyclonal antibody, 7374V (Bio-Rad) coupled to phycoerythrin (PE).
- Group A and group B red blood cells from a sample taken on EDTA (EFS-Rungis).

- Plasma and whole blood samples from a sample taken on EDTA (EFS-Rungis).

- Diluting medium sold under the name "ScanLiss" code 86442 by the company Bio-Rad.

- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NacCl, 0.1% (v/v) proclin).

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).
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4.2. Protocol
4.2.1. Sensitization of beads with PLL

[0148] Region-38 and region-71 neutral beads are incubated with 50 ng/ml of PLL in PBS, pH 7.4, for 18 hours at
ambient temperature and with agitation. At the end of this step, the beads are washed with PBS buffer, pH 7.4, and then
used to immobilize red blood cells.

4.2.2. Immobilization of the red blood cells from the samples on the beads

[0149] The bead-red blood cell reagents are prepared by mixing the PLL-coated beads and the red blood cells diluted
in ScanlLiss, in a red blood cell number to bead number ratio equal to 100. The incubation is carried out with agitation
for 5 minutes at ambient temperature. Each bead region is used to immobilize a single type of red blood cell of known
group. At the end of this step, the bead-PLL-red blood cell reagents are washed several times with distilled water. The
bead-red blood cell reagents thus prepared are stored in PBS-BSA 10 g/I, pH 7.4, at +4°C.

The principle of immobilization of the red blood cells on the beads by means of PLL is summarized in Figure 4.

[0150] The attachment of the red blood cells by means of the PLL is sufficiently solid to prevent them from detaching
during the tests and analyses.

Before incubation with the antibodies being screened, the bead-PLL-red blood cell reagents are mixed with the region-
34 (ISB) and region-98 (BB) control beads.

4.2.3. Reaction of the bead-PLL-red blood cell reagents with the antibodies

[0151] The sample to be tested is in this case either plasma or whole blood.

[0152] Twenty-five microlitres of bead-PLL-red blood cell reagent are mixed with 50 pl of sample to be tested and
incubated for 15 minutes with agitation at 22°C.

[0153] After incubation, the complexes are washed several times with PBS buffer, pH 7.4.

4.2.4. Visualization of the complexes using the PE-labelled anti-immunoglobulin

[0154] To detect the bead-PLL-red blood cell-antibody complexes, a PE-labelled antibody specific for human immu-
noglobulins is used. This antibody conjugate is used at a concentration of 5 wg/mlin PBS, pH 7.4, and is incubated with
the complexes for 15 minutes at 37°C with agitation. The complexes are then washed several times with PBS buffer,
pH 7.4.

4.2.5. Flow cytometry measurements using the "Bioplex 200" apparatus from the
company Bio-Rad

[0155] After the final wash and before the measurements, the complexes are taken up with 35 pl of the coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of 250
beads per region.

[0156] Various red blood cells of known group were used. For each red blood cell, negative controls were tested in
order to verify the specificity of the reactions studied.

4.3. Example of serum ABO grouping test in samples of plasma or whole blood type

[0157] The antibodies were detected using several beads of different regions sensitized with red blood cells of known
and different groups. Region-38 beads coated with PLL were used to immobilize a group A red blood cell. Region-71
beads coated with PLL were used to immobilize a group B red blood cell.

The sensitized beads were mixed and then incubated with samples of plasma or whole blood type of group A, B, AB
and O in order to test positive cases and negative cases; the negative cases make it possible to verify the specificity of
the reaction for each bead-PLL-red blood cell reagent. The detection was carried out with the PE-labelled anti-human
immunoglobulin conjugate.

[0158] The results are given in Table Il below:
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Table Il: Serum ABO grouping test in samples of plasma or whole blood type

Reagents
Samples R38/GR A beads | R71/GR B beads
Plasma type + +
Group O
Whole blood type + +
Plasma type - +
Group A
Whole blood type - +
Group B Plasma type + -
Whole blood type + -
Plasma type - -
Group AB
Whole blood type - -

[0159] The samples which do not have antibodies against the red blood cell presented (bead-PLL-red blood cell
reagent) show values of less than 1000 RFI.

On the other hand, for the samples which have antibodies against the red blood cell presented, the values obtained are
much higher (from 2900 to 19 000 RFI).

These results are obtained for any type of sample, whether it is of plasma type or whole blood type.

Moreover, the region-34 and -98 control beads give the expected signal levels, i.e., respectively, of the order of 8000
RFI and less than 1000 RFI.

[0160] These results demonstrate the validity of the approach under consideration for carrying out the detection of
natural antibodies in a sample of plasma or whole blood type.

Example 5: Grouping in whole blood

[0161] The possibility of carrying out red blood cell grouping with the technology of the invention was demonstrated
in Example 1 by using fluorescent beads to immobilize the anti-red blood cell antibodies and by labelling the red blood
cells of the sample with a fluorescent compound compatible with the wavelengths of the reporter laser of the "Bioplex
200" apparatus (Bio-Rad).

[0162] The objective of these tests is to show that the sample used in the grouping application may be a blood cell
pellet sample but also a whole blood sample.

5.1- Material and reagents
- Fluorescent superparamagnetic beads having bead regions 36 and 52

[0163] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0164] Region-34 (internal standard beads (ISB)) and region-98 (blank beads (BB)) control fluorescent beads.

- Anti-murine IgG goat polyclonal antibody, code 115-005-164 (Jackson Imm. Lab.)

- Anti-murine IgM goat polyclonal antibody, code 115-005-020 (Jackson Imm. Lab.)

- Anti-B monoclonal IgG antibody, clone X9 (Bio-Rad).

- Anti-A monoclonal IgM antibody, clone 15750F7 (Bio-Rad).

- Samples of blood cell pellet and of whole blood taken on EDTA (EFS-Rungis).

- PKH26 cell labelling kit (Sigma).

- Diluting media sold under the names "ScanLiss" code 86442 and "Stabiliss" code 86550 by the company Bio-Rad.
- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NaCl, 0.1% (v/v) proclin.

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).

20



10

15

20

25

30

35

40

45

50

55

EP 2 160 609 B1
5.2- Protocol
5.2.1. Sensitization of beads with antibodies directed against blood groups

[0165] The principle of immobilization of the antibodies at the surface of the beads is summarized in Figure 2.
[0166] Region-36 beads were used to covalently immobilize the anti-murine 1gG.

[0167] Region-52 fluorescent beads were used to covalently immobilize the anti-murine IgM. The carboxylic groups
present at the surface of the beads were activated according to a technique involving a hydroxysuccinimide and a
carbodiimide.

[0168] The proteins could thus be immobilized via their amine groups.

[0169] The beads thus prepared are stored at +4°C at a concentration of 3 mg/ml in PBS, pH 7.4, containing 10%
(w/v) of BSA, 0.5% (v/v) of Tween 20 and 0.09% (w/v) of sodium azide.

[0170] The beads carrying the immobilized anti-murine IgG can be sensitized with the anti-B antibody. The beads
carrying the immobilized anti-murine IgM can be sensitized with the anti-A antibody. The anti-immunoglobulins in fact
allow binding of immunoglobulins via their Fc fragment. The anti-red blood cell antibodies are therefore immobilized
noncovalently on the beads using this principle. Each bead region is sensitized with an antibody of different specificity.
The anti-immunoglobulins chosen have a high affinity for murine immunoglobulins, thus allowing this binding to be stable
over time.

[0171] The nonpurified anti-A and the nonpurified anti-B are used at the respective final concentrations of 165 and
640 pg/ml with beads functionalized with the anti-Fc at 40 pg/mg.

[0172] The sensitization with the anti-red blood cell antibodies is carried out in PBS, pH 7.4, with agitation at 37°C for
one hour.

[0173] After sensitization, the beads are washed several times with PBS buffer, pH 7.4, and then stored at +4°C in
StabiLiss.

[0174] Before incubation with the red blood cells, the beads sensitized with the anti-red blood cell antibodies are mixed
with region-34 control beads (ISB) and region-98 control beads (BB).

5.2.2. Labelling of red blood cells

[0175] The labelling of the red blood cells is carried out as in Example 1 using PKH26 (Figure 3).

[0176] The labelling of the red blood cells with PKH26 is carried out using the protocol recommended by the manu-
facturer. The red blood cells thus labelled are either diluted directly in the Stabiliss buffer in the case of a blood cell pellet
sample, or diluted to 40% (v/v) in their plasma before they are diluted in Stabiliss in the case of a whole blood sample.
The diluted samples are stored in the dark at +4°C.

5.2.3. Incubation of anti-red blood cell antibody-beads and red blood cells

[0177] The sample to be tested is in this case either a blood cell pellet or whole blood, with a red blood cell content
which goes up to 40%.

[0178] The sensitized beads are mixed with the samples in order to obtain a red blood cell number/sensitized bead
number ratio of 50 to 100. The incubation of the mixture is carried out in StabilLiss for 15 minutes with agitation at 22°C.
[0179] After incubation, the bead-red blood cell complexes are washed several times with distilled water.

5.2.4. Flow cytometry measurements using the "Bioplex 200" apparatus from the company Bio-Rad

[0180] After the final wash and before the measurements, the complexes are taken up with 35 pl of the coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of 250
beads per region.

[0181] Foreach sensitized bead, negative samples were tested in order to verify the specificity of the reactions studied.

5.3- Example of multiplex grouping on samples of blood cell pellet or whole blood type

[0182] The principle of the multiplexed grouping is summarized in Figure 11.

Region-36 beads sensitized with an anti-B antibody were mixed with region-52 beads sensitized with an anti-A antibody,
with ISB 34 control beads and with BB 98 control beads.

This mixture of beads was incubated with samples of group O, A, B or AB, with a red blood cell number/sensitized bead
number ratio of approximately 50.

[0183] The results are given in Table Il below.
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Tabile IlI: Multiplex grouping on samples of blood cell pellet or whole blood type

Multiplex reagent
Samples R52/Anti-A beads | R36/Anti-B beads

Blood cell pellet type - -

Group O
Whole blood type - -
Blood cell pellet type + -

Group A
Whole blood type + -
Blood cell pellet type - +

Group B
Whole blood type - +
Blood cell pellet type + +

Group AB
Whole blood type + +

[0184] Withthe bead-anti-Areagent, the A-positive red blood cells produce signals of greater than 30 000 RFI, whereas
the A-negative red blood cells give signals of 30 to 50 RFI. Similarly, with the bead-anti-B reagent, the B-positive red
blood cells produce signals of greater than 30 000 RFI, whereas the B-negative B red blood cells give signals of 30 to
50 RFI.

[0185] These results are obtained for any type of sample, whether in the form of a blood cell pellet or in the form of
whole blood.

[0186] Moreover, the region-34 and -98 control beads give the expected signal levels, i.e., respectively, of the order
of 7500 RFI and less than 1000 RFI.

[0187] These results demonstrate the validity of the approach under consideration for carrying out the grouping in a
sample of blood cell pellet or whole blood type.

Example 6: Atypical antibody screen and identification - multiplexed methodology with an identification panel
of 10 red blood cells

[0188] The atypical antibody screen (AAS) is generally carried out in 2 steps: a first step carried out on a restricted
panel of red blood cells, the aim of which is to indicate the presence or absence of atypical antibodies directed against
blood group antigens without enabling them to be identified. When the presence of antibodies is detected, a second
step is carried out in order to identify the specificity of the antibody or antibodies in question. This second step is carried
out with a panel of 10 red blood cells or more depending on the complexity of the mixture of antibodies to be identified.
A sample volume of at least 350 .l is required in order to carry out the two steps. The objective of this test is to show
the feasibility of identifying the atypical antibodies possibly present in a sample directly in a single test and with a single
test sample of plasma or serum to be tested (50 to 100 w.l).

[0189] To demonstrate the feasibility of this application in the technology of the invention, fluorescent beads are used
to immobilize the red blood cells of the panel via poly-L-lysine (PLL). There are as many bead regions as there are red
blood cells in the panel, each bead region being used to immobilize a single type of red blood cell of the panel, having
a known and different phenotype.

These beads are mixed and brought into contact with the sample to be tested, and the atypical antibodies are detected
using an anti-human immunoglobulin antibody conjugate labelled with phycoerythrin (PE).

6.1- Material and reagents
- Fluorescent superparamagnetic beads having bead regions 6, 8, 36, 38, 52, 71, 79, 81, 94 and 96

[0190] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0191] Region-34 (internal standard beads ISB)) and region-98 (blank beads (BB)) control fluorescent beads.

- Poly-L-lysine (PLL) of molecular weight 70 000-130 000.

- Anti-human immunoglobulin mouse IgG monoclonal antibody, clone 125A15 (Bio-Rad) coupled to phycoerythrin
(PE).

- Phenotyped blood cell concentrates stored in SAG-MAN medium (EFS Nord de France).
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- Diluting medium sold under the name "ScanLiss" code 86442 by the company Bio-Rad.

- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NacCl, 0.1% (v/v) proclin).

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).

- Plasma sample taken on EDTA (EFS-Rungis).

- Serum samples having atypical blood group antibodies of the following specificities: anti-D, anti-Jka, anti-Kell.

6.2- Protocol
6.2.1. Sensitization of beads with PLL

[0192] The bead-PLL reagent is prepared by incubating region-6, -8, -36, -38, -52, -71, -79, -81, -94 or -96 neutral
beads with 50 pug/ml of PLL in PBS, pH 7.4, for 18 hours at ambient temperature and with agitation. At the end of this
step, the bead-PLL complex is washed with PBS buffer, pH 7.4, and then used to immobilize the donor red blood cells.

6.2.2. Immobilization of red blood cells on the beads

[0193] The bead-PLL-red blood cell reagents are prepared by mixing the PLL-coated beads and the red blood cells
of the panel, diluted in ScanLiss, in a red blood cell number/bead number ratio equal to 100. The incubation is carried
out with agitation for 5 minutes at ambient temperature. Ten red blood cells of known and different phenotype are used
to constitue an identification panel. Each bead region is used to immobilize a single type of red blood cell from this panel.
[0194] After incubation, the bead-PLL-red blood cell reagents are washed several times with distilled water and then
taken up in PBS-BSA 10 g/l, pH 7 4.

[0195] The principle of theimmobilization of the red blood cells on the beads by means of PLL is summarized in Figure 4.
[0196] The attachment of the red blood cells by means of the PLL is sufficiently solid to prevent them from detaching
during the remainder of the test and the analyses.

[0197] The bead-PLL-red blood cell reagents thus prepared and the region-34 and region-98 control beads are mixed
and then incubated with the samples to be tested.

6.2.3. Reaction of the bead-PLL-red blood cell reagents with the antibodies

[0198] The mixture of the bead-PLL-red blood cell reagents prepared individually from different red blood cells con-
stitutes a panel for identifying the antibodies. 25 pl of this panel are mixed with 100 .l of sample to be tested (plasma
or serum) and incubated for 15 minutes with agitation at 37°C.

[0199] After incubation, the complexes are washed several times with PBS buffer, pH 7.4.

6.2.4. Visualization of the complexes using the PE-labelled anti-Fc

[0200] To detect the bead-PLL-red blood cell-antibody complexes, a PE-labelled antibody specific for the human
immunoglobulin Fc fragment is used. This antibody conjugate is used at a concentration of 1 wg/ml in PBS, pH 7.4, and
is incubated with the complexes for 15 minutes at 37°C with agitation. The complexes are then washed several times
with PBS buffer, pH 7.4.

6.2.5. Flow cytometry measurements using the "Bioplex 200" apparatus from the company Bio-Rad

[0201] After the final wash and before the measurements, the complexes are taken up with 35 pl of the coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of the
fluorescence signal from 250 beads per region.

6.3. Example of AAS for identifying the specificity of atypical antibodies in plasma and/or serum

[0202] PLL-coated beads of different region were used to immobilize 10 red blood cells of known and different phe-
notypes: a red blood cell of phenotype D, kk, Jka+b+ was immobilized on region-6 beads, a red blood cell of phenotype
D, Kk, Jka+b- on region-8 beads, a red blood cell of phenotype D, kk, Jka+b- on region-36 beads, a red blood cell of
phenotype D, kk, Jka+b- on region-38 beads, a red blood cell of phenotype D, Kk, Jka+b+ on region-52 beads, a red
blood cell of phenotype dd, Kk, Jka-b+ on region-71 beads, a red blood cell of phenotype dd, kk, Jka-b+ on region-79
beads, a red blood cell of phenotype dd, Kk, Jka+b+ on region-81 beads, a red blood cell of phenotype dd, kk, Jka-b+
on region-94 beads, and a red blood cell of phenotype dd, kk, Jka+b+ on region-96 beads.
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[0203] The sensitized beads were mixed and then incubated with various sera having atypical blood group antibodies
of various specificities (anti-D, anti-Kell, anti-Jka) or mixtures of these sera so as to reproduce an antibody mixture.
These sera represent positive samples that may potentially have antibodies directed against the red blood cells of the
panel. They were chosen in order to detect blood antigen systems that are different in terms of structure and of antigen
presentation, and also in terms of antigen density on the red blood cell.

Eight donor plasmas having no atypical antibody were also tested and used as negative controls in order to verify the
specificity of the reaction.

The detection was carried out with the PE-labelled anti-human Fc conjugate.

[0204] The results are given in Table IV below.

[0205] The 8 donor plasmas make it possible to define an average negative value of less than 1100 RFI.

The sera which do not have antibodies directed against the red blood cells of the panel produce values of less than
1000 RFI.

On the other hand, the sera which have antibodies directed against the antigens carried by the red blood cells of the
panel give results of the order of 2000 to 31 000 RFI and sample value/average negative value ratios of the order of 15
to 207.

Moreover, the region-34 and -98 control beads give the expected signal levels, i.e., respectively, of the order of 8000
RFI and less than or equal to 1000 RFI.

[0206] This method makes it possible to clearly demonstrate the presence of atypical antibodies and to identify their
specificity in blood systems as different as the Rhesus, Kell or Kidd systems.
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Example 7: Blood cell ABO grouping test and serum ABO grouping test carried out simultaneously, Ag-Ab combo

[0207] The possibility of carrying out the screening of antigens on the red blood cell with the technology of the invention
was demonstrated in Examples 1 and 3, by using fluorescent beads to immobilize the anti-red blood cell antibodies and
by labelling the red blood cells of the sample with a fluorescent compound compatible with the wavelengths of the reporter
laser of the "Bioplex 200" apparatus (Bio-Rad). Similarly, the possibility of detecting the typical and atypical antibodies
with the technology of the invention was demonstrated in Examples 2, 4 and 6, by using fluorescent beads to immobilize
the red blood cells via poly-L-lysine (PLL) and by detecting the presence of antibodies in the sample against the red
blood cells presented, using an anti-human immunoglobulin antibody conjugate labelled with phycoerythrin (PE). The
objective of these tests is to show that the technology of the invention makes it possible to screen for antigens and
screen for antibodies in one and the same receptacle.

[0208] To demonstrate the feasibility of this double determination, a multiplex test was carried out, combining fluores-
cent beads for detecting the A and/or B antigens carried by the red blood cells of the sample to be tested and fluorescent
beads bound to red blood cells of known ABO group, for detecting the anti-A and/or anti-B antibodies present in the
sample to be tested. The sample to be tested is a sample of whole blood type. The two visualization systems described
above are used: labelling of the red blood cells of the sample with a fluorescent compound for detecting the antigens at
the surface of the red blood cell, and the use of a PE-labelled anti-human immunoglobulin secondary antibody for
detecting antibodies in the plasma of the sample to be tested.

7.1- Material and reagents
- Fluorescent superparamagnetic beads having bead regions 6, 56, 71, 81 and 94

[0209] The beads are stored at +4°C in PBS buffer, pH 7.4.
[0210] Region-34 (internal standard beads (ISB)) and region-98 (blank beads (BB)) control fluorescent beads.

- Anti-murine IgG goat polyclonal antibody, code 115-005-164 (Jackson Imm. Lab.)

- Anti-murine IgM goat polyclonal antibody, code 115-005-020 (Jackson Imm. Lab.)

- Anti-B monoclonal IgG antibody, clone X9 (Bio-Rad).

- Anti-A monoclonal IgM antibody, clone 15750F7 (Bio-Rad).

- Anti-human IgM goat polyclonal antibody, code 709-116-073 (Jackson Imm. Lab.) coupled to phycoerythrin (PE).
- PKH26 cell labelling kit (Sigma).

- Poly-L-lysine (PLL) of molecular weight 70 000-130 000.

- Whole blood samples taken on EDTA (EFS-Rungis).

- Diluting media sold under the names "ScanLiss" code 86442 and "Stabiliss" code 86550 by the company Bio-Rad.
- Coating liquid or buffer (10 mM sodium phosphate, 150 mM NacCl, 0.1% (v/v) proclin).

- Bovine serum albumin (BSA) (Millipore).

- PBS buffer, pH 7.4 (7 mM sodium phosphate, 2.7 mM KCI, 136 mM NaCl).

7.2- Protocol
7.2.1. Preparation of reagents

7.2.1.1 Preparation of reagents for detecting antigens: sensitization of beads with antibodies directed against
the blood groups

[0211] The principle of the immobilization of the antibodies at the surface of the beads is summarized in Figure 2.
[0212] Region-6 beads were used to covalently immobilize the anti-murine IgG.

[0213] Region-56 fluorescent beads were used to covalently immobilize the anti-murine IgM. The carboxylic groups
present at the surface of the beads were activated according to a technique involving a hydroxysuccinimide and a
carbodiimide.

[0214] The proteins could thus be immobilized via their amine groups.

[0215] The beads thus prepared are stored at +4°C at a concentration of 3 mg/ml in PBS, pH 7.4, containing 10%
(w/v) of BSA, 0.5% (v/v) of Tween 20 and 0.09% (w/v) of sodium azide.

[0216] The beads carrying the immobilized anti-murine IgG can be sensitized with the anti-B antibody. The beads
carrying the immobilized anti-murine IgM can be sensitized with the anti-A antibody. The anti-red blood cell antibodies
are therefore noncovalently immobilized on the beads using this principle. Each bead region is sensitized with an antibody
of different specificity. The anti-immunoglobulins chosen allow stable binding over time.
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[0217] The nonpurified anti-A and the nonpurified anti-B are used at the respective final concentrations of 165 and
640 pg/ml.

[0218] The sensitization with the anti-red blood cell antibodies is carried out in PBS, pH 7.4, with agitation at 37°C for
one hour.

[0219] After sensitization, the beads are washed several times with PBS buffer, pH 7.4, and then stored at +4°C in
PBS-BSA 10 g/l, pH 7.4.

7.2.1.2 Preparation of reagents for detecting antibodies: sensitization of beads with PLL and immobilization of
red blood cells of known group and known phenotype

[0220] Region-71, region-81 and region-94 neutral beads are incubated with 50 pwg/ml of PLL in PBS, pH 7.4, for 18
hours at ambient temperature and with agitation. At the end of this step, the beads are washed with PBS buffer, pH 7.4,
and then used to immobilize the red blood cells.

[0221] The bead-red blood cell reagents are prepared by mixing the PLL-coated beads and the red blood cells diluted
in ScanlLiss, in a red blood cell number to bead number ratio equal to 100. The incubation is carried out with agitation
for 5 minutes at ambient temperature. Each bead region is used to immobilize a single type of red blood cell of known
group. At the end of this step, the bead-PLL-red blood cell reagents are washed several times with distilled water. The
bead-red blood cell reagents thus prepared are stored in PBS-BSA 10 g/l, pH 7.4, at +4°C. The principle of the immo-
bilization of the red blood cells on the beads by means of PLL is summarized in Figure 4.

The attachment of the red blood cells by means of the PLL is sufficiently solid to prevent them from detaching during
the tests and analyses.

7.2.2. Labelling of the red blood cells of the samples to be tested

[0222] The labelling of the red blood cells is carried out as in Example 1 using PKH26 (Figure 3). The labelling of the
red blood cells with PKH26 is carried out using the protocol recommended by the manufacturer. The red blood cells
thus labelled are diluted to 40% (v/v) in their plasma.

7.2.3. Incubation of the samples to be tested with the blood group antibody-beads and the red blood cell-beads

[0223] The sample to be tested is whole blood.

[0224] Fifty microlitres of sample to be tested are mixed with 25 pl of beads sensitized with the red blood cells of
known phenotype (bead-PLL-red blood cell reagents) and incubated for 10 minutes with agitation at 22°C.

[0225] Twenty-five microlitres of beads sensitized with the anti-red blood cell antibodies (bead-anti-red blood cell
antibody reagents) are then added and incubated for 5 minutes with agitation at 22°C.

[0226] After incubation, the reagents are washed several times with PBS buffer.

7.2.4. Detection of positive complexes

[0227] The detection of the red blood cells bound by the bead-anti-red blood cell antibody reagents (bead-antibody-
red blood cell complexes) is provided by the prior labelling of the red blood cells of the sample.

[0228] To detect the binding of the antibodies of the sample to the bead-PLL-red blood cell reagents (bead-PLL-red
blood cell-antibody complexes), a PE-labelled antibody specific for human immunoglobulins is used. This antibody
conjugate is used at a concentration of 5 wg/ml in PBS, pH 7.4, and is incubated with the complexes for 15 minutes at
37°C with agitation. The complexes are then washed several times with PBS buffer, pH 7.4.

7.2.5. Flow cytometry measurements using the "Bioplex 200" apparatus from the company Bio-Rad

[0229] After the final wash and before the measurements, the complexes are taken up with 35 pl of the coating liquid.
For each test, 25 pl of suspension are injected into the apparatus. The measurements are carried out by capture of 250
beads per region.

[0230] Foreach sensitized bead, negative samples were tested in order to verify the specificity of the reactions studied.
7.3- Example of multiplex direct and indirect ABO grouping

[0231] Region-94 beads coated with PLL were used to immobilize a group A1 red blood cell, region-71 beads coated

with PLL were used to immobilize a group B red blood cell and region-81 beads coated with PLL were used to immobilize
a group O red blood cell. These beads sensitized with red blood cells of known phenotype were mixed.
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[0232] Region-6 beads sensitized with an anti-B antibody were mixed with region-56 beads sensitized with an anti-A
antibody, with ISB 34 control beads and with BB 98 control beads. Samples of whole blood of group A, B, AB and O
were tested.

[0233] The red blood cells of the samples were labelled beforehand so as to allow them to be detected if they are
bound by the anti-red blood cell antibody-beads. The antibodies of the samples bound to the red blood cell-beads were
detected with a PE-labelled anti-human immunoglobulin conjugate.

[0234] The results are given in Table V below:

Table V: Multiplex direct and indirect ABO grouping

Multiplex test
Antigen detection Antibody detection
Samples | R56/Anti-A beads | R6/Anti-B beads | R94/GR A1 beads | R71/GR B beads | R81/GR O beads
Group O - - + + -
Group A + - - + -
Group B - + + - -
Group AB + + - - -

[0235] Result of the blood cell test (antigen detection):

The bead-anti-A and bead-anti-B reagents react respectively with the A positive red blood cells and B positive red blood
cells: the positive samples produce positive signals of greater than 28 000 RFI, whereas the negative samples give
much lower signals, of 1800 to 8300 RFI.

[0236] Results of the serum test (antibody detection):

The samples which do not contain antibodies against the red blood cell presented produce values of less than 1800
RFI, with an average negative value of 1020 RFI.

The samples which have antibodies against the red blood cell presented by the bead-PLL-Al red blood cell and bead-
PLL-B red blood cell reagents give positive signals of 3000 to 8200 RFI with sample value versus average negative
value ratios of the order of 3 to 8.

[0237] Moreover, the region-34 and region-98 control beads give the expected signal levels, i.e., respectively, of the
order of 8000 RFI and less than 1400 RFI.

[0238] These results demonstrate the feasibility of carrying out the multiplexed detection of antigens and antibodies,
in one and the same receptacle and using a single test sample of a whole blood sample.

Claims
1. An in vitro method for identifying a plurality of anti-erythrocyte antibodies in a biological sample, by

(i) bringing said sample into contact, in a single test receptacle, or in several separate test receptacles, with
groups of distinguishable beads, each group of distinguishable beads carrying erythrocytes of known phenotype
which differs from one group of beads to the other, under conditions which allow the antibodies or the activated
serum complement fractions present in the sample to bind to the erythrocytes without agglutination,

(ii) eliminating the antibodies or activated serum complement fractions which have not bound to said erythrocytes,
(iii) labelling the bound antibodies and/or the bound activated serum complement fractions, and

(iv) identifying the group of beads having bound the labelled antibodies or the labelled activated serum com-
plement fractions, thereby allowing the identification of the anti-erythrocyte antibodies present,

wherein the analysis of the mixture is carried out by flow cytometry.

2. Theinvitro method of claim 1, further comprising identifying a plurality of antigenic molecules carried by erythrocytes
in a biological sample, by

(i) bringing said sample containing erythrocytes into contact, in a single test receptacle, or in several separate
test receptacles, with groups of distinguishable beads, each group of distinguishable beads carrying a given
antibody, specific for an antigenic molecule carried by erythrocytes, which differs from one group of beads to
the other, under conditions which allow the erythrocytes to bind to the antibodies, without agglutination, said
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erythrocytes being labelled before or after they have been brought into contact with said groups of beads,

(i) eliminating the erythrocytes which have not bound to said antibodies, and

(iii) identifying the group of beads having bound the labelled erythrocytes, thereby allowing the identification of
the antigens carried by the erythrocytes detected.

3. The method according to Claim 2, wherein the antigenic molecules carried by the erythrocytes are chosen from the
group consisting of erythrocyte membrane antigens constituting the blood groups, activated serum complement
fractions carried by the erythrocytes, and antibodies present at the surface of the sensitized erythrocytes.

4. The method according to Claim 2, wherein the identifying of the antigens and the identifying of the antibodies are
carried out simultaneously and in the same receptacle.

5. The method according to one of the preceding claims, wherein the erythrocytes bound to the beads are subjected
to haemolysis.

6. The method according to one of the preceding claims, wherein the distinguishable beads are superparamagnetic
or magnetic or magnetizable beads.

7. The method according to one of the preceding claims, wherein the distinguishable beads emit luminescent or
fluorescent signals.

8. The method according to claim 2, wherein the detectably labelled erythrocytes are labelled with a fluorescent com-
pound.

9. The method according to one of the preceding claims, wherein the antibodies are labelled by bringing into contact
with an anti-human globulin antibody carrying a fluorescent, luminescent or radioactive label, or wherein the activated
serum complement fractions are labelled by bringing into contact with an anti-serum complement fraction antibody
carrying a fluorescent, luminescent or radioactive label.

10. Method according to one of the preceding claims, comprising identifying a plurality of anti-erythrocyte antibodies,
wherein the antibodies are atypical antibodies.

11. The method according to one of the preceding claims, wherein the biological sample is chosen from the group
consisting of whole blood, plasma, serum, a blood cell pellet and any other blood preparation.

12. The method according to one of the preceding claims, wherein the biological sample originates from an individual
having erythrocytes sensitized in vivo by antibodies, and/or coated with the serum complement fraction.

13. The method according to one of the preceding claims, wherein the isotype of the immunoglobulins present at the
surface of the erythrocytes and/or in a biological fluid originating from said individual is determined.

14. The method according to any one of the preceding claims, further comprising the quantification of the antibodies
identified.

Patentanspriiche

1. Einin vitro Verfahren zum Identifizieren einer Mehrheit von anti-Erythrozytenantikdrpern in einer biologischen Probe

durch

(i) in Kontakt Bringen der Probe in einem einzelnen Testgefal oder in mehreren separaten Testgefallen mit
Gruppen von unterscheidbaren Beads, wobei jede Gruppe der unterscheidbaren Beads Erythrozyten tragt von
bekanntem Phanotyp, welche von einer Gruppe von Beads zur anderen sich unterscheidet, unter Bedingungen,
welche erlauben, dass die Antikdrper oder die aktivierten Serumkomplementfraktionen, die in der Probe vor-
handen sind, an die Erythrozyten ohne Agglutination binden,

(i) Eliminieren der Antikérper oder der aktivierten Serumkomplementfraktionen, welche nicht an die Erythrozyten
gebunden haben,

(iii) Markieren der gebundenen Antikérper und/oder der gebundenen aktivierten Serumkomplementfraktionen,
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und

(iv) Identifizieren der Gruppe von Beads, die die markierten Antikérper oder die markierten aktivierten Serum-
komplementfraktionen gebunden haben, dadurch Erlauben der Identifikation der vorhandenen anti-Erythrozyten
Antikdrper, wobei die Analyse des Gemischs durch Durchflusszytometrie durchgefiihrt wird.

Das in vitro Verfahren nach Anspruch 1, weiter umfassend Identifizieren einer Mehrheit von antigenen Molekulen
getragen von Erythrozyten in einer biologischen Probe, durch

(i) in Kontakt Bringen der Probe enthaltend Erythrozyten in einem einzelnen Testgefal oder in mehreren se-
paraten TestgefaBen mit Gruppen von unterscheidbaren Beads, wobei jede Gruppe der unterscheidbaren
Beads einen gegebenen Antikorper tragt, spezifisch fiir ein antigenes Molekul getragen durch die Erythrozyten,
welche den Erythrozyten erlauben, an die Antikorper zu binden, ohne Agglutination, wobei die Erythrozyten
markiert worden sind bevor oder nachdem diese in Kontakt mit den Gruppen von Beads gebracht worden sind,
(i) Eliminieren der Erythrozyten, welche nicht an die Antikérper gebunden haben, und

(iii) Identifizieren der Gruppe von Beads, die die markierten Erythrozyten gebunden haben, dadurch Erlauben
der ldentifikation des detektierten Antigens getragen von den Erythrozyten.

Das Verfahren nach Anspruch 2, wobei die antigenen Molekiile getragen von den Erythrozyten ausgewahit aus der
Gruppe bestehend aus Erythrozytenmembranantigenen bestehenden Blutgruppen, aktivierten Serumkomplement-
fraktionen getragen von Erythrozyten und Antikdrpern, die auf der Oberflache von sensitivierten Erythrozyten vor-
handen sind.

Das Verfahren nach Anspruch 2, wobei das Identifizieren der Antigene und das Identifizieren der Antikérper simultan
in dem gleichen Gefall durchgefiihrt werden.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die Erythrozyten gebunden an die Beads einer
Hamolyse unterworfen werden.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die unterscheidbaren Beads superparamagne-
tisch oder magnetisch oder magnetisierbare Beads sind.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die unterscheidbaren Beads lumineszierende
oder fluoreszierende Signale emittieren.

Das Verfahren nach Anspruch 2, wobei die detektierbar markierten Erythrozyten mit einer fluoreszierenden Verbin-
dung markiert sind.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die Antikdrper durch in Kontakt Bringen mit
einem anti-humanen Globulinantikérper, der eine fluoreszierende, lumineszierende oder radioaktive Markierung
tragt, markiert sind, oder wobei die aktivierten Serumkomplementfraktionen durch in Kontakt Bringen mit einem
anti-Serumkomplementfraktionantikdrper, der eine fluoreszierende, lumineszierende oder radioaktive Markierung
tragt, markiert sind.

Verfahren nach einem der vorhergehenden Anspriiche, umfassend ldentifizieren einer Mehrheit von anti-Erythro-
zytenantikérpern, wobei die Antikérper atypische Antikérper sind.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die biologische Probe ausgewahlt ist aus der
Gruppe bestehend aus Vollblut, Plasma, Serum, ein Blutzellpellet und irgendeiner anderen Blutzubereitung.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei die biologische Probe von einem Individuum
abstammt, in dem Erythrozyten entweder sensitiviert sind in vivo durch Antikérper und/oder bedeckt mit Serum-
komplementfraktion.

Das Verfahren nach einem der vorhergehenden Anspriiche, wobei der Isotyp der Immunglobuline, die auf der
Oberflache der Ertythrozyten vorhanden sind, und/oder in einer biologischen Flissigkeit abstammend aus dem

Individuum bestimmt wird.

Das Verfahren nach einem der vorhergehenden Anspriiche, weiter umfassend das Quantifizieren der identifizierten
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Antikorper.

Revendications
1. Méthode in vitro pour identifier une pluralité d’anticorps anti-érythrocytes dans un échantillon biologique, par

(i) mise en contact dudit échantillon, dans un seul réceptacle de test, ou dans plusieurs réceptacles de test
séparés, avec des groupes de billes distinguables, chaque groupe de billes distinguables portant des érythro-
10 cytes de phénotype connu qui difféere d’'un groupe de billes a I'autre, dans des conditions qui permettent aux
anticorps ou aux fractions de complément de sérum activées présentes dans I'échantillon de se lier aux érythro-
cytes sans agglutination,
(ii) élimination des anticorps ou des fractions de complément de sérum activées qui ne se sont pas liés auxdits
érythrocytes,
15 (iii) marquage des anticorps liés et/ou fractions de complément de sérum activées liées, et
(iv) identification du groupe de billes auxquelles sont liés les anticorps marqués ou les fractions de complément
de sérum activées marquées, ce qui permet ainsi 'identification des anticorps anti-érythrocytes présents,
dans laquelle 'analyse du mélange est effectuée par cytométrie de flux.

20 2. Meéthode in vitro selon la revendication 1, comprenant en outre I'identification d’'une pluralité de molécules antigé-
niques portées par des érythrocytes dans un échantillon biologique, par

(i) mise en contact dudit échantillon contenant des érythrocytes, dans un seul réceptacle de test ou dans
plusieurs réceptacles de test séparés, avec des groupes de billes distinguables, chaque groupe de billes dis-
25 tinguables portant un anticorps donné, spécifique d’'une molécule antigénique portée par des érythrocytes, qui
differe d’'un groupe de billes a I'autre, dans des conditions qui permettent aux érythrocytes de se lier aux
anticorps, sans agglutination, lesdits érythrocytes étant marqués avant ou aprés leur mise en contact avec
lesdits groupes de billes,
(i) élimination des érythrocytes qui ne se sont pas liés auxdits anticorps, et
30 (iii) identification du groupe de billes auxquelles sont liés les érythrocytes marqués, ce qui permet ainsi I'iden-
tification des antigenes portés par les érythrocytes détectés.

3. Meéthode selon larevendication 2, dans laquelle les molécules antigéniques portées par les érythrocytes sont choisis

dans le groupe constitué par les antigenes de membrane d’érythrocyte constituant les groupes sanguins, les fractions

35 de complémentde sérum activées portées par les érythrocytes, etles anticorps présents a la surface des érythrocytes
sensibilisés.

4. Meéthode selon la revendication 2, dans laquelle I'identification des antigénes et I'identification des anticorps sont
effectuées simultanément et dans le méme réceptacle.

40
5. Meéthode selon 'une des revendications précédentes, dans laquelle les érythrocytes liés aux billes sont soumis a
une hémolyse.
6. Méthode selon 'une des revendications précédentes, dans laquelle les billes distinguables sont des billes super-
45 paramagnétiques ou magnétiques ou magnétisables.

7. Meéthode selon I'une des revendications précédentes, dans laquelle les billes distinguables émettent des signaux
luminescents ou fluorescents.

50 8. Meéthode selon la revendication 2, dans laquelle les érythrocytes marqués de fagon détectable sont marqués avec
un composé fluorescent.

9. Meéthode selon 'une des revendications précédentes, dans laquelle les anticorps sont marqués par mise en contact

avec un anticorps anti-globuline humaine portant un marqueur fluorescent, luminescent ou radioactif, ou dans

55 laquelle les fractions de complément de sérum activées sont marquées par mise en contact avec un anticorps anti-
fraction de complément de sérum portant un marqueur fluorescent, luminescent ou radioactif.

10. Méthode selon I'une des revendications précédentes, comprenant l'identification d’'une pluralité d’anticorps anti-
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érythrocytes, dans laquelle les anticorps sont des anticorps atypiques.
Méthode selon I'une des revendications précédentes, dans laquelle I'échantillon biologique est choisi dans le groupe
constitué par le sang entier, le sérum, le plasma, un culot de cellules sanguines et n'importe quelle autre préparation

sanguine.

Méthode selon I'une des revendications précédentes, dans laquelle I'échantillon biologique a pour origine un individu
ayant des érythrocytes sensibilisés in vivo par des anticorps, et/ou revétus de la fraction de complément de sérum.

Méthode selon 'une des revendications précédentes, dans laquelle I'isotype des immunoglobulines présentes a la
surface des érythrocytes et/ou dans un fluide biologique ayant pour origine ledit individu est déterminé.

Méthode selon 'une des revendications précédentes, comprenant en outre la quantification des anticorps identifiés.
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