US 20110207151A1
a9 United States

12y Patent Application Publication (o) Pub. No.: US 2011/0207151 A1

Barbreau et al. (43) Pub. Date: Aug. 25, 2011
(54) UTILISATION DE FERROFLUIDES POUR LE (30) Foreign Application Priority Data
PHENOTYPAGE SANGUIN ET
APPLICATIONS DERIVEES May 5, 2004 (FR) ....................................... 0404853
(76) Inventors: Yves Barbreau, Mouvaux (FR); Publication Classification
Olivier Boulet, Sailly Labourse
(FR); Arnaud Boulet, Arras (FR); (1 Int. Cl.
Alexis Delanoe, La Madeleine GOIN 33/53 (2006.01)
(FR); Laurence Fauconnier, CI2M 1/34 (2006.01)
Villeneuve D’ Asco (FR);
Jean-Marc Pelosin, Lambersart (52) US.Cl oo, 435/7.25, 435/287.2
(FR); Laurent Soufflet, Saint
Amand les Eaux (FR)
67 ABSTRACT
(1) Appl. No.: 11/579,383 The invention relates to a method for phenotyping blood
(22) PCT Filed: May 3, 2005 and/or performing an irregular agglutinin test and/or for
determination of compatibility of a donor and receiver, using
(86) PCT No.: PCT/FR2005/01101 an aqueous solution of ferrofluid, obtained from a mixture of
polyoxoanions of Fe(Ill) and at least one metal M(II) of
§ 371 (©)(1), oxidation state II. The invention further relates to a kit for

(2), (4) Date: Sep. 23,2010 carrying out said procedure.



US 2011/0207151 Al

UTILISATION DE FERROFLUIDES POUR LE
PHENOTYPAGE SANGUIN ET
APPLICATIONS DERIVEES

[0001] The present invention relates to a method of pheno-
typing blood and/or performing an irregular agglutinin test
and/or for determining the compatibility of a donor and
recipient, using an aqueous solution of ferrofluid obtained
from a mixture of polyoxoanions of Fe(III) and at least one
M(II) metal of oxidation state II. The invention further relates
to a device and a kit for carrying out said method.

[0002] Blood transfusion today consists of intravenously
administering preparations of concentrated red blood cells
(globular concentrates) obtained from donated blood.

[0003] During a blood transfusion, the main risk is related
to the possibility of bringing together an antibody and its
blood-group antigen in the body of the recipient (the person
transfused). Indeed, on the surface of erythrocytes, also called
red blood cells or red blood corpuscles, are found erythrocyte
membrane antigens, in particular blood group (or system)
antigens, capable of being recognized by the immune system
and triggering an immune response.

[0004] The red blood cells from the donor are known to be
compatible with the blood of the recipient if the recipient does
not have circulating antibodies directed against an erythro-
cyte antigen of the donor.

[0005] Among the entirety of the antigenic variants of
erythrocyte membrane antigens that constitute the blood
groups, more than twenty erythrocyte antigen systems have
been identified to date in man: the ABO system with antigens
A or B, the Rhesus system with antigens D, Eoreand Corc,
the Kell system with antigens K or k, Duffy (Fy a, Fy b), Kidd
(Jka, Jkb) or still other systems less frequently used in prac-
tice such as MNS, Lewis, etc. Individuals with the same
association of erythrocyte antigens belong to the same blood
group. Blood groups are all the more complex and numerous
if several antigen systems are used.

[0006] Apart from pathological situations, such as in the
ease of autoimmune disease, an individual’s serum can con-
tain two types of antibodies directed against erythrocyte anti-
gens:

[0007] (i) so-called “regular” antibodies directed against
the antigens of the ABO system (for example, anti-A anti-
body in a group B individual). These are IgM-type immu-
noglobulins which are able to agglutinate red blood cells in
vitro. This phenomenon is put to use to determine the ABO
group of an individual by the Beth-Vincent and Simonin
tests, the Beth-Vincent test making it possible to determine
the antigens carried by the red blood cells (antigen pheno-
type) and the Simonin test making it possible to carry out a
complementary study, that is to say, to determine the cir-
culating anti-A and/or anti-B antibodies present in the indi-
vidual’s serum.

[0008] In the Beth-Vincent test, the individual’s red blood
cells are placed in the presence of test sera, or test antibodies,
each having a specific type of antibody directed against an
antigen of the ABO system. It is thus a test of the agglutination
of the red blood cells with the test sera.

[0009] In the Simonin test, also called a counter-test, the
individual’s serum, containing the circulating antibodies, is
placed in the presence of test red blood cells, or test erythro-
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cytes, each belonging to a specific antigen group of the ABO

system. It is thus a test of the agglutination of the serum with

the test red blood cells:

[0010] (ii) so-called “irregular” (or “immune”) antibodies
whose presence in the serum or plasma is optional and
which are directed against antigens of the non-ABO sys-
tems. This generally involves IgG, appearing during anti-
gen stimulation by foreign red blood cells, for example
following an immunization against one or more antigens
during a blood transfusion or during pregnancy by a mater-
nal immune reaction directed against fetal erythrocyte anti-
gens not belonging to the maternal blood group, in particu-
lar during childbirth.

[0011] The search for these so-called irregular antibodies is
called the irregular agglutinin test. This test is used to detect
the presence or absence of IgG directed against various eryth-
rocyte antigens in an individual’s blood. In this test, evidence
is sought for the binding of these IgG on test red blood cells
whose antigens are known. The test proceeds in parallel on
many types of red blood cells, the comparison of the results
making it possible to deduce the IgG present.
[0012] The risk is higher for the most immunogenic anti-
gens such as Rhesus D but also for the other Rhesus
(E>c>e>C), Kell (K), Duffy (Fy a, Fy b), Kidd (Jka, Jkh), etc.
[0013] In practice, all these antigens cannot be taken into
account during a transfusion or else the right blood group
would never be available at the right moment, in addition to
the fact than certain antigen associations are very rare. Stan-
dard transfusions only take into account the group in the ABO
system plus Rhesus D (Rh+ or Rh-). In situations at risk of the
appearance of irregular agglutinin, a certain number of other
systems are taken into account, in particular Rhesus C and E
and Kell, and other systems as well. It then becomes a ques-
tion for these high-risk situations of respecting the compat-
ibility of the donor’s blood group with that of the recipient’s
blood by taking into account the presence or the risk of the
appearance of these irregular agglutinins.
[0014] Thus, in a receiving patient carrying irregular anti-
erythrocyte antibodies or in a high-risk situation such as, in
particular, among multiply transfused patients who do not
have an irregular anti-erythrocyte antibody and among preg-
nant woman, it is essential to select the units of erythrocyte
concentrates which will be transfused in such a way that the
donor’s red blood cells will have had eliminated the antigens
against which the antibodies of the recipient are directed or
likely to appear. This proof of compatibility is obligatory
among these patients and in a preventive manner among all
recipients before the administration of erythrocyte concen-
trates by carrying out a test of direct compatibility with the red
blood corpuscles of the donor in the presence of the serum or
plasma of'the recipient. No agglutination and/or lysis reaction
in the techniques used for the irregular agglutinin test must be
observed.
[0015] In clinical transfusion practice, erythrocyte pheno-
typing, which corresponds to the search for and the identifi-
cation of blood-group antigens on the surface of red blood
corpuscles (with the particular exception of the ABO system
in which, in addition, the presence of corresponding regular
antibodies is sought) involves the recipient as well as the
donor.

[0016] At the level of the recipient and the donor, three

levels of erythrocyte phenotyping exist in order to make com-

patible erythrocyte concentrates available for the recipient as

a function of the situations at risk:
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[0017] determination of the ABO group phenotype (or
ABO group) and standard Rhesus (presence or absence of
the D antigen);

[0018] determination of the Rhesus Kell phenotype (pres-
ence or absence of the C, F, e, ¢ and K antigens); and

[0019] the determination of the extended (or broad) pheno-
type (presence or absence of the Duffy system antigens Fy
aand Fy b, the Kidd system antigens Jk a and Jk b, and the
MNSs system antigens S and s); other antigens may be
sought in addition according to the nature of the risk and/or
of the irregular antibodies revealed in the serum of the
recipient.

[0020] The techniques usually used, implemented to seek
out and identify the presence or absence of blood-group anti-
gens on the surface of donor and/or recipient erythrocytes, or
targeting the search for and identification of the presence or
absence of anti-antigen blood-group antibodies, regular (for
the ABO group) or irregular within the framework of the
irregular agglutinin test in the scrum or plasma of the donor
and/or recipient, are well-known to those skilled in the art and
will not be described here.
[0021] For phenotyping, they generally consist of an inves-
tigation using test sera containing the antibodies suitable to
the presence or the absence of the antigen sought. Preferably,
the antibodies contained in these test sera are agglutinating in
nature (IgM or IgA), which makes it possible to obtain total or
partial agglutination of the erythrocytes to be phenotyped
when they carry the antigen corresponding to the antibody
present in the test serum. Nevertheless, it is possible to use
non-agglutinating test antibodies (IgG-type), the agglutina-
tion being initiated by means of an anti-immunoglobulin (the
so-called indirect Coombs technique) in which the presence
of non-agglutinating test antibodies bound to the red blood
cell are visualized by means of an anti-immunoglobulin
bound to a solid phase. The reading of the agglutination or of
the red blood cells sensitized with the test antibodies bound to
the solid phase via anti-immunoglobulin (so-called immu-
noadhesion technique) can be accomplished with the naked
eye or by means of suitable reader.
[0022] For the search for and the identification of, in the
patient’s serum or plasma sample to be tested, anti-antigen
blood-group antibodies, regular for ABO group or irregular
within the framework of the irregular agglutinin test, the
patient’s serum or plasma is generally placed in the presence
of test erythrocytes (also called test red blood corpuscles or
testred blood cells) of known antigenicity in a certain number
of blood-group systems (ABO, Rhesus, Kell, Duffy, Kidd,
MNSs, etc.). For the irregular agglutinin test, for which the
antibodies likely to be present are often of the non-aggluti-
nating type, the techniques used are of the indirect Coombs
type by agglutination by means of an anti-immunoglobulin or
immunoadhesion on a solid phase coated with an anti-immu-
noglobulin.

[0023] For the irregular agglutinin test, in a first step a

so-called screening red blood cell panel is used (two or three

red blood cells of different groups chosen in order to contain
the maximum amount of antigens), which makes it possible to
detect (but not to identify) the presence or absence of irregular
antibodies. When the screening is positive, the identification
of the specificity of the irregular antibody or antibodies
present is then carried out by means of at least one so-called

identification red blood cell panel containing in general 10

red blood cells of various phenotypes in the large majority of

the known blood group systems.
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[0024] Itcanalso be noted that during the compatibility test
in which the red blood corpuscles of the donor are placed in
the presence of the serum of the recipient, a first step of
centrifugation is generally carried out in order to observe the
possible presence of agglutination related to the presence in
the recipient’s serum of antibodies agglutinating the red
blood cells of the donor (ABO incompatibility or IgM or IgA
irregular antibodies), this first step being followed, if not by
agglutination, by a search for antibodies by means of an
anti-immunoglobulin (Coombs indirect anti-globulin tech-
nique).

[0025] There are a large number of variants of the tech-
niques used for phenotyping or for the irregular agglutinin
test in the field of blood transfusion; these techniques can be
manual, on an opaline plate, in a test tube or a microplate well,
or completely automated using an system that distributes the
sample and the reagent, a shaker, an incubator and an auto-
matic reader whose programs are adapted to the techniques
implemented.

[0026] Among the techniques used, techniques can be cited
for which the presence of anti-antigen blood-group antibod-
ies or blood-group antigens is based on the demonstration of
an agglutination of red blood cells after centrifugation using
a transparent filtration mini-column (“Sephadex®” or micro-
bead gel) whose upper flared section is used as an incubation
chamber and for which the filtering threshold chosen for the
column prevents red blood corpuscles agglutinated after cen-
trifugation to pass through the column (sec in particular
patent EP 0 194 212 or patent EP 0 755 719).

[0027] Techniques can also be cited for which the pheno-
typing or the irregular agglutinin test is based on the demon-
stration of red blood cells sensitized with an antibody after
centrifugation and then immunoadhesion using a separation
barrier comprised of a gel or a liquid for which the density is
selected in such a way that only the red blood cells can cross
this barrier during centrifugation, the reaction container
being coated in its lower section with an anti-immunoglobu-
lin in order to trap the sensitized red blood cells and to give a
characteristic image. Among these techniques, the patent EP
0 058 780 can be cited which discloses a blood phenotyping
process in which the reaction mixture is centrifuged through
a layer of higher density (a solution of bovine albumin or
polyvinyl pyrrolidone), which has the advantage of eliminat-
ing the step of washing the sensitized red blood corpuscles.
Patent WO 98/02752 can also be cited which discloses a
general process for determining the presence of a blood anti-
gen present on erythrocytes or of an antibody binding such an
antigen. In this process, the erythrocytes, sensitized or non-
sensitized, are separated from the unbound antibodies by
centrifugation using a separation medium whose density is
greater than that of the liquid containing the antibodies, but
less than that of the erythrocytes, the sensitized erythrocytes
being separated from the non-sensitized erythrocytes on the
lower wall of the reaction container on which an anti-immu-
noglobulin is immobilized, the non-sensitized erythrocytes
being collected at the bottom of the container, the analysis of
the final image obtained being specific for the presence or
absence of the analyte sought.

[0028] Among the variants of the techniques used for phe-
notyping or for the irregular agglutinin test, those can also be
cited which have generally been developed for searching in a
sample for an analyte capable of binding to a cell by using
magnetic particles, this in particular in order to eliminate
centrifugation, an operation necessary in particular in tech-
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niques based on agglutination such as the anti-globulin tech-
nique (indirect Coombs by agglutination or by immunoadhe-
sion on a solid phase) for the irregular agglutinin test or for
phenotyping, or still, as for the irregular agglutinin test, when
it is necessary to wash the sensitized red blood cells in order
to eliminate the nonspecific antibodies capable of recogniz-
ing the anti-immunoglobulin used in the following step.
[0029] Indeed, the centrifugation step is always difficult to
implement in the methods that are desired to be completely
automated, in particular due to the cost of and the space
required for the centrifuges, the handling required, etc.
[0030] Magnetic particles have long been used for the
detection of ligand-receptor or antibody-antigen complexes;
for example, methods such as those disclosed in the following
patents can be cited:

[0031] patent WO 92/17781, which discloses a method
tier determining the presence of a ligand in a sample in
which magnetic latex particles, capable of being differ-
ent colors, coated with a substance such as an antibody
that is capable of binding with this ligand, are incubated,
followed by the application of a magnetic field to the
incubation mixture and finally the observation of the
presence or absence of agglutination; or

[0032] patent EP 0,426,170 which discloses a method of
determining the presence of a ligand in a sample, a
method in which magnetic gelatin particles sensitized
with antigens or antibodies capable of binding with this
ligand are incubated, followed by the application of a
magnetic field to the incubation mixture and finally the
observation of the presence or absence of agglutination,
the aforementioned method being characterized in that
the binding characteristics of these particles are
observed after the container, in particular a V-bottomed
microplate well, is inclined.

[0033] Such magnetic particles have already been used in
immunohematology for phenotyping and/or the irregular
agglutinin test. Among the documents disclosing such appli-
cations, the following can be cited in particular:

[0034] patent EP 0,351,857 which discloses an immuno-
logical assay method using magnetized markers such as
antibodies or antigens bound to magnetic latex beads.
These markers are capable of binding to a substance
which is sought to be identified in an immunoreaction
step, and then the magnetic marker particles are col-
lected on a predetermined area of the surface of awall in
a measurement container using a magnet positioned
under this well and under the action of a magnetic field,
this process being able to include a substance which can
be specifically bound to the substance to be identified
immobilized on a predetermined area of the surface of
the wall of the measurement container. In particular, an
irregular agglutinin test technique by immunoadhesion
is disclosed in which erythrocytes bound beforehand at
the bottom of a microplate well are then sensitized with
the serum of the recipient, then washed (by aspiration
and injection of the wash liquid), and then the magnetic
latex balls coated with an anti-immunoglobulin are
added to said well before the application of a magnetic
field;

[0035] patent EP 0 528 708 which discloses a method of
detection by immunoadhesion of a biological substance
likely to be present in a sample. In this method, the
erythrocytes to be phenotyped or being used as the
screening and/or identification panel are bound before-
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hand on the bottom of microplate. After sensitizing the
erythrocytes thus bound to the test serum (for phenotyp-
ing) or to the serum of the recipient to be tested (for the
irregular agglutinin test), the wells are washed and then
magnetic latex heads coated with anti-immunoglobulin
are added. In this method, two types of successive mag-
netic fields (vertical and circular) are notably imple-
mented in order to displace the magnetic particles that
are not specifically bound to the substance being sought;
and

[0036] patent EP 0 230 768 which discloses a method of
co-aggregating magnetic particles capable of binding to
a substance contained in a sample by means of polyca-
tionic or polyanionic compounds in the presence of a
magnetic field. This document discloses in particular a
method for separating the plasma of a sample of total
blood containing red blood cells in which the sample of
total blood and a ferrofluid (FeCl,/FeCl;) coated with
succinyl-serum bovine albumin are added sequentially
in a container placed on a magnet, the aggregates of
particles of erythrocytes thus obtained being pulled
towards the magnet thus making it possible to recover
the clarified plasma by decantation. Also disclosed in
this document is a method making it possible to quantify
the presence of an anti-Rh (anti-D) antibody in a sample
of plasma prepared according to the preceding method
which is incubated in the presence of a suspension of
fluorescent Rh+ red blood cells and to which mixture
succinyl ferrofluid and polybrene are then sequentially
added, the red blood cells being washed several times by
the application of a magnetic field and decantation
before the addition of an anti-immunoglobulin. The
quantification of the anti-Rh antibodies in the plasma
sample is evaluated by comparison with controls by
analyzing fluctuations in the quantity of fluorescence
observed in a given volume.
[0037] If these latter techniques using magnetic beads
coated with an anti-immunoglobulin or a modified ferroftuid
make it possible to avoid centrifugation steps, they do require
the use of solid phases coated beforehand with test blood cells
or with blood cells to be phenotyped, which are not very
stable and must be prepared by the end user. In addition,
notably in patent EP 0 230 768, the use of certain magnetic
compositions causes the nonspecific co-aggregation of red
blood cells after application of the magnetic field, which
definitively eliminates the possibility of reading a specific
agglutination for the red blood cells in the presence of the
erythrocyte anti-antigen antibody, which is the reference
technique in the field of blood transfusion.

[0038] Thus remains the need for a fast and simple method
that can be implemented on a practical and available support
such as a microplate, a method in which the centrifugation
step is replaced by the application of a magnetic field, which
can be entirely automated and which makes it possible to
phenotype red blood cells by reading specific agglutination
by means of agglutinating test antibodies (test sera) without
significantly interfering with the final image obtained, this
method also being applicable for the Simonin test (counter-
test) within the framework of ABO phenotyping. Such a
method would be all the more advantageous if the magnetic
composition used does not cause nonspecific aggregation of
red blood cells by binding with them after application of the
magnetic field and, as the case may be, avoiding the obstruc-
tion of the antigenic sites on these red blood cells. This
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method would be still more advantageous if the magnetic
composition used also made it possible in its presence to carry
out an immunoadhesion technique of red blood cells on a
solid phase, in particular for the irregular agglutinin test and/
or the compatibility test, or further for phenotyping requiring
the use of non-agglutinating test sera, this without said mag-
netic composition interfering significantly with the image of
the final reaction obtained with this type of technique.

[0039] This is precisely the object of the present invention.

[0040] The inventors have demonstrated that erythrocytes
placed in contact with a diluted, aqueous ferrofluid solution
free of surfactants, obtained from a mixture of polyoxoanions
of Fe(IlI) and of at least one M(II) metal of oxidation state II
(such as Fe(Il)), a ferrofluid such as that obtained in particular
by the methods disclosed in examples 1 to 8 of the French
patent application published under the number 2461 521 orin
the examples below, and this, contrary to the method dis-
closed in the patent EP 0 230 768, in the absence of the
addition of compounds making it possible to non-specifically
bind the magnetic particles of the ferrofluid to the erythro-
cytes, being not only pulled with the ferrofluid particles to the
bottom of the container containing them under the action of a
magnetic field induced by a magnet located outside and
beneath the aforementioned container, but that moreover this
entrainment simultaneously causes the specific agglutination
of these erythrocytes when these erythrocytes are also placed
in contact with agglutinating anti-antigen blood-group anti-
bodies, of the IgM type, directed against an antigen carried by
these erythrocytes.

[0041] The inventors have also demonstrated, and in an
unexpected way, that the presence of the magnetic particles
contained in the solution of ferroftuid thus diluted did not
interfere significantly with this specific agglutination, said
agglutination being able to be easily demonstrated with the
naked eye or by any adequate automated reading system
capable of detecting the presence or absence of erythrocyte
agglutinates.

[0042] The inventors also demonstrated in a surprising way
that such a diluted ferrofluid solution no longer interfered
significantly with the capacity of the erythrocytes to bind to a
solid phase coated with a ligand capable of specifically rec-
ognizing a compound bound to the surface of these erythro-
cytes when the latter are in the presence of magnetic particles
contained in this ferrofluid (solid-phase immunoadhesion
technique).

[0043] Thus, the present invention has as an object a
method for phenotyping blood, capable of including the so-
called Simonin test, and/or for the search for and/or identifi-
cation of irregular agglutinins (irregular agglutinin test) in a
sample of serum or blood plasma and/or for determining the
compatibility between a donor of concentrated erythrocytes
and the recipient, characterized in that it includes a step in
which the suspension of erythrocytes to be phenotyped or the
suspension of test erythrocytes used in this method is placed
in contact with an aqueous solution of ferrofluid, preferably
without any surfactants, the aforementioned ferrofluid being
obtained or likely to be obtained from a mixture of poly-
oxoanions of Fe(IlT) and of at least one M(II) metal of oxida-
tion state II (such as Fe(Il)), a ferrofluid such as that obtained
in particular by the methods disclosed in examples 1 to 8 of
the French patent application published under the number 2
461 521 or in the examples below.
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[0044] Inthe present description the terms erythrocyte, red
blood cell and red blood corpuscle will he employed indiffer-
ently to indicate the same blood cell.
[0045] Preferably the ferrofluid solution which will be used
in the methods of the invention will also result from dilution
in an aqueous medium and also preferably in the absence of a
surfactant (or detergent) notably to avoid the lysis of the
erythrocytes when said erythrocytes are placed in contact
with said ferrofluid solution.
[0046] By a solution diluted in a surfactant-free aqueous
medium of ferrofluid in a surfactant-free aqueous solution, it
is hereby specified that the ferrofluid, directly obtained or
likely to be directly obtained by the ferrofluid preparation
methods disclosed in examples 1 to 8 of the French patent
application published under the number 2 461 521 or in the
examples below, is a surfactant-free aqueous solution and that
the solution used after obtaining this ferrofluid by the afore-
mentioned methods with the purpose of diluting this ferrof-
luid before its use in the methods of the present invention is
also a surfactant-free aqueous solution.
[0047] According to a preferred embodiment, the afore-
mentioned ferrofluid solution will be characterized in that itis
prepared from a mixture of polyoxoanions of Fe(III) and of at
least one M(II) metal of oxidation state II preferably selected
among the metals of the first series of transition metals such as
Fe(1I), Co(II), Mn(II), Cu(II) or Ni(II).
[0048] Preferably, the aforementioned ferrofluid solution is
characterized in that it is prepared from a mixture of poly-
oxoanions of Fe(IlI) and at least one M(II) metal associated
with a cation such as H*, CH,*, N(CH,),*, N(C,H;),* or any
other cation capable of conferring on the polyoxoanion a
greater solubility in water than the cations Na, K* and NH,*,
these cations could be in particular carried by the appropriate
acids, such as HCl, CH;COOH, or by tetramethyl- or tetra-
ethyl-ammonium hydroxide.
[0049] Preferably, the aforementioned ferrofluid solution is
characterized in that the sources of starting metals chosen for
Fe(III) and M(II) for preparing the aforementioned ferroftuid
will be the salts chosen among:
[0050] for Fe(Ill), those listed in the French patent appli-
cation published under the number 2 461 521, page 4, lines
1 and 2, in particular ferric chloride, and
[0051] for M(II), those listed in the French patent applica-
tion published under the number 2 461 521, page 4, lines 3
to 6, in particular ferrous chloride.
[0052] Preferably, the aforementioned ferrofluid solution is
prepared from a mixture of Fe(III) and the M(II) metal char-
acterized in that the initial molar ratio of oxidation state II is
2+1, in a more preferred way of 2+0.5, 2+0.25 or 2+0.1, an
initial molar ratio of 2 between Fe(I1I) and the M(IT) metal of
oxidation state II being the most preferred.
[0053] Preferably, to the initial mixture of Fe(III) salt and
M(I) metal of oxidation state II will be added an appropriate
strong base such as sodium hydroxide, tetramethyl- or tetra-
ethyl-ammonium hydroxide.
[0054] Preferably, the method according to the invention is
characterized in that the aforementioned ferrofluid is
obtained by the methods disclosed in examples 1 to 8 of the
French patent application published under the number 2 461
521 or by those as described below in the examples.
[0055] Preferably still, the method according to the inven-
tion is characterized in that the aforementioned aqueous fer-
rofluid solution is diluted beforehand in a butler or a physi-
ological solution.
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[0056] In certain applications, in particular when it is a
question of improving reaction sensitivity or speed (without,
however, increasing the non-specificity of the test), a low
ionic strength solution (LISS) buffer can be used.

[0057] Those skilled in the art will understand that by
buffer or physiological solution is meant a buffer typically
used in the field of cellular biology, in particular in immuno-
hematology in order to avoid the lysis of red blood cells. Such
buffers or solutions will be, for example, buffers at a physi-
ological pH between 6.8 and 7.5 with the molarity adjusted in
such a way that it is similar to the molarity of a 0.9% NaCl
solution (approximately 0.15 M NaCl). PBS phosphate buffer
atpH 7-7.4, well known to those skilled in the art, can be cited
in particular, although in a non-restrictive way.

[0058] The composition of LISS buffers will not be devel-
oped here, these buffers being well known in immunohema-
tology to encourage agglutination reactions. These buffers
are in particular available from immunohematology reagent
suppliers (for example, the LISS buffer with the following
composition can be cited, although in a non-restrictive way:
16 g/1 of glycine, 0.03 M of NaCl and 0.015 M of phosphate
atpH 6.7).

[0059] According to a preferred embodiment, the method
of the invention is characterized in that the aforementioned
ferrofluid solution is diluted to between 0.25% and 10% (v/v)
in the aforementioned buffer or in the aforementioned physi-
ological solution, preferably between 0.25% and 5%,
between 0.25% and 2.5%, between 0.25% and 1%, between
0.25% and 0.75%.

[0060] The dilutions between 0.25% and 1%, in particular
0.5%, are particularly preferred for phenotyping by a method
ofagglutination. It can also be noted that for the compatibility
test (determination of direct compatibility between the serum
ofthe recipient and the red blood cell of the donor, see above),
dilutions greater than 1%, preferably between 2% and 10%,
are also preferred.

[0061] For the method according to the invention for the
determination of the presence of a blood-group antigen or an
anti-antigen blood-group antibody by the erythrocyte agglu-
tination reaction, it is also preferred that the reaction con-
tainer is a microplate well, preferably a well with a round-
shaped or V-shaped bottom.

[0062] In the method according to the invention the appli-
cation of the magnetic field preferably will be obtained by a
magnet, of permanent type, located outside and below the
reaction container or containers, the aforementioned magnet
preferably having a strength between 8,000 and 16,000 gauss,
preferably between 10,000 and 14,000 gauss, 12,000 gauss
being the preferred strength.

[0063] By a method for determining the presence of a
blood-group antigen on the surface of an erythrocyte in a
sample and, as the case may be, the presence of an anti-
antigen blood-group antibody by an erythrocyte agglutina-
tion reaction, it is meant to indicate here in a specific way a
method for erythrocyte phenotyping (also called here blood
orred blood cell phenotyping) corresponding to the search for
and the identification of blood-group antigens on the surface
of red blood corpuscles (with the exception of the particular
ABO system in which, in addition, the presence of the corre-
sponding regular antibodies is sought (so-called Simonin
test)), this relating equally to the recipient and the donor.
[0064] When the method of the invention relates only to
blood phenotyping without the so-called Simonin test for the
ABO group, it will be specifically mentioned.

Aug. 25,2011

[0065] In the present description, an anti-antigen test anti-
body of a known blood group is intended to indicate poly-
clonal, monoclonal or recombinant antibodies of known
specificity capable of recognizing and binding to the eryth-
rocyte carrying the antigen against which it is directed.

[0066] These anti-antigen test antibodies of a known blood
group will be able to be provided in liquid form in solution or
in desiccated form in the container serving as the support for
the agglutination reaction or, as the case may be, in the sup-
port being used for the placing in contact of the erythrocytes
to be phenotyped with the aforementioned antibody.

[0067] Preferably still these antibodies will be of the agglu-
tinating type, such as IgM, in the methods of the invention by
an agglutination reaction, that is to say, capable of aggluti-
nating a suspension of erythrocytes carrying the antigen of the
group against which the specificity of the aforesaid antibody
is directed, this without the assistance of an anti-immunoglo-
bulin and under the appropriate conditions well known to
those skilled in the art or indicated on the data sheet provided
by the supplier related to the use of such an antibody (such as,
for example, in a saline medium at ambient temperature or at
37° C.,etc.).

[0068] In the methods of phenotyping according to the
invention in which it will be preferred or necessary for certain
blood-group antigens to carry out phenotyping according to
the invention by a solid phase immunoadhesion technique, in
particular:

[0069] when the aforementioned phenotyping is carried
out using a container for the final reaction whose lower
internal wall will be coated beforehand with an anti-
immunoglobulin or with any ligand capable of specifi-
cally recognizing and binding the specific test antibody/
erythrocyte complex; or

[0070] when the aforementioned phenotyping is carried
out using a container for the final reaction whose lower
internal wall will be coated beforehand with the afore-
said test antibody capable of specifically recognizing
and binding the erythrocyte carrying the antigen corre-
sponding to the test antibody,

the aforementioned anti-antigen test antibodies of a known
blood group could be non-agglutinating in nature, such as IgG
or one their fragments capable of recognizing the aforemen-
tioned antigen.

[0071] According to a first specific aspect, the present
invention relates to a method according to the invention for
determining, by an erythrocyte agglutination reaction, the
presence of a blood-group antigen on the surface of an eryth-
rocyte of a sample and, as the case may be, the presence of an
anti-antigen blood-group antibody in a sample, characterized
in that it is comprised of the following steps:

[0072] a) the mixture, in particular in a glass bottle, of a
suspension of erythrocytes contained in the sample, and as the
case may be, of a suspension of test erythrocytes of a known
group, with a ferrofluid solution so as to obtain a homoge-
neous suspension of the aforesaid erythrocytes in the ferrof-
luid solution;

[0073] b) the placing in contact in a container of the sus-
pension of erythrocytes obtained in step a) with:

[0074] an anti-antigen test antibody of a known blood
group if the suspension obtained in step a) is a suspen-
sion of erythrocytes from the sample; and, as the case
may be,
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[0075] the sample likely to contain an anti-antigen

blood-group antibody if the suspension obtained in step

a) is a suspension of test erythrocytes of a known blood

group,
this step being followed by an incubation step;
[0076] c) the shaking of the suspension obtained in step b)
after incubation;
[0077] d) the application of a magnetic field to said con-
tainer in such a way that the particles of ferrofluid are pulled
to the bottom of the aforesaid container;
[0078] e) the shaking of the suspension obtained in step d);
[0079] f) the reading by the naked eye and/or by any other
suitable reading system of the possible presence of erythro-
cyte agglutinates in the container.
[0080] According to a specific method, the mixture in step
a) of the aforesaid method could be carried out before the test,
one or several hours in advance, one or several days in
advance, or, as the case may be, could be obtained from a
supplier, particularly when it is a question of mixing a sus-
pension of test erythrocytes of a known group with a ferrof-
luid solution. This will be the case for all of the methods, in
particular for the irregular agglutinin test in which it will be
necessary to mix a suspension of test erythrocytes of a known
group with a ferrofluid solution.
[0081] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, the aforementioned ferrofluid
solution used in step a) is a diluted ferrofluid solution directly
obtained or likely to be directly obtained by the ferrofluid
preparation methods disclosed in examples 1 to 8 of the
French patent application published under the number 2 461
521 or in the examples below.
[0082] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is preferred that before step b),
the aforementioned suspension of erythrocytes contained in
the sample is subjected beforehand to the action of a protease
enzyme.
[0083] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that when the
suspension obtained in step a) is a suspension of erythrocytes
from the sample, the aforementioned suspension of erythro-
cytes is subjected to the action of the protease enzyme at the
end of step a).
[0084] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step b),
the anti-antigen blood-group test antibodies are contained in
desiccated form in the container before the placing in contact
of the suspension obtained in step a) if this suspension is a
suspension of erythrocytes from the sample.
[0085] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that the anti-
antigen test antibodies of a known blood group or the anti-
antigen blood-group antibodies likely to be contained in the
sample are agglutinating antibodies, preferably of the IgM

type.
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[0086] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that the incu-
bation step at the end of step b) is carried out for a period of
time between 5 and 15 minutes, preferably for 10 minutes, at
ambient temperature.

[0087] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that shaking
step ¢) is carried out for a period of time between 30 seconds
and 2.5 minutes, preferably between 1 minute and 2 minutes.

[0088] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that step d),
application of a magnetic field to said container, is carried out
by means of a magnet located outside and beneath the con-
tainer in such a way that the particles of ferrofluid are pulled
to the bottom of the aforesaid container according to a vertical
axis.

[0089] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step d)
the aforementioned magnet is a permanent magnet of a
strength between 10,000 and 14,000 gauss, preferably 12,000
gauss.

[0090] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step d)
the magnetic field is applied to said container for 2.5 minutes
to 10 minutes, preferably for 4 minutes to 6 minutes.

[0091] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that step ¢), the
shaking of the suspension before reading, is carried out in two
successive shaking steps, the second being shorter in time and
less vigorous than the first.

[0092] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step a)
the aforementioned suspension of erythrocytes from erythro-
cytes contained in the sample results from a pellet of eryth-
rocytes obtained after sedimentation or centrifugation, pref-
erably by sedimentation, of a sample of total blood of an
individual.

[0093] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step a)
the aforementioned sample likely to contain the anti-antigen
blood-group antibodies is a sample of plasma or serum
obtained after sedimentation or centrifugation, preferably by
sedimentation, of a sample of total blood of an individual.

[0094] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
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according to the invention, it is also preferred that in step b)
the aforementioned container is a microplate well, preferably
a round-bottomed well.

[0095] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step c)
shaking is carried out using a microplate shaker at a speed
between 500 rpm and 800 rpm, preferably between 650 rpm
and 750 rpm.

[0096] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step e)
shaking is carried out in 2 steps using a microplate shaker, a
first shaking for 1 minute to 2.5 minutes at a speed between
800 rpm and 1000 rpm, preferably 105 seconds at a speed of
900 rpm, and the second shaking for 30 seconds to 1 minute
at a speed between 350 rpm and 550 rpm, preferably for 45
seconds at a speed of 450 rpm.

[0097] According to this method for determining, by an
erythrocyte agglutination reaction, the presence of a blood-
group antigen or an anti-antigen blood-group antibody
according to the invention, it is also preferred that in step b):

[0098] 40 pl to 50 ul of the suspension of erythrocytes
obtained in step a) are placed in contact in said well with
the anti-antigen test antibodies of a known blood group
contained in desiccated form at the bottom of the well, if
the suspension of erythrocytes obtained in step a) is a
suspension of erythrocytes from the sample; and, as the
case may be,

[0099] 20 ul to 30 pl of the suspension of erythrocytes
obtained in step a) are placed in contact in said well with
20 pl to 30 pl of plasma or of serum of the sample likely
to contain the anti-antigen blood-group antibodies, if the
suspension of erythrocytes obtained in step a) is a sus-
pension of test erythrocytes of a known blood group.

[0100] According to a specific embodiment, the present
invention has as an object a method according to the invention
for the ABO blood grouping of a sample of total blood from
an individual, characterized in that in step b):

[0101] the suspension of erythrocytes from the sample
obtained in step a) is placed in distinct containers with an
anti-A test antibody and an anti-B test antibody; and

[0102] asample of plasma or serum from the individual
is placed in distinct containers with a suspension of test
erythrocytes of group A, preferably A1, a suspension of
test erythrocytes of group B, and, as the case may be, a
suspension of test erythrocytes of group O,

characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the individual’s ABO group.

[0103] According to an equally specific embodiment, the
present invention has as an object a method according to the
invention for blood phenotyping, excluding the Simonin test,
of'a sample of total blood from an individual, characterized in
that in step b):

[0104] the suspension of erythrocytes from the sample
obtained in step a) is placed in contact in distinct con-
tainers with a test antibody specific for the blood-group
antigens whose presence or absence on the erythrocytes
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of the sample is sought to be determined, each container

containing only one antibody specificity,
characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the phenotype of the individual for the
antigens of the blood group sought.
[0105] According to an equally specific embodiment, the
present invention has as an object a method according to the
invention for blood phenotyping, Simonin test included, of a
sample of total blood from an individual, characterized in that
in step b):

[0106] the suspension of erythrocytes from the sample
obtained in step a) is placed in contact in distinct con-
tainers with an anti-A test antibody and an anti-B test
antibody, and

[0107] the suspension of erythrocytes from the sample
obtained in step a) is placed in contact in other distinct
containers with a test antibody specific for the blood-
group antigen, except antigen A and B, whose presence
or absence on the erythrocytes of the sample is sought to
be determined, each container containing only one anti-
body specificity; and

[0108] asample of plasma or serum from the individual
is placed in contact in other distinct containers with a
suspension of test erythrocytes from group A, preferably
Al, a suspension of test erythrocytes of group B, and, as
the case may he, a suspension of test erythrocytes of
group O,

characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the ABO group of the individual to
determine the phenotype of the individual for the other anti-
gens of the blood group sought.

[0109] According to another aspect, the present invention
relates to a method according to the invention for the search
forand/or the identification of irregular antibodies in a sample
of plasma or serum of a recipient, characterized in that it is
comprised of the following steps:

[0110] a) incubation in a first container of the aforesaid
sample of plasma or serum with a suspension of test erythro-
cytes of known phenotype under conditions allowing the
irregular antibodies likely to be present to specifically bind on
the test erythrocytes;

[0111] b)the addition of a ferrofluid solution to the mixture
obtained in step a) so as to obtain a homogeneous suspension
of the aforesaid erythrocytes in the ferrofluid solution;
[0112] c) the application of a magnetic field to said con-
tainer by means of a magnet located outside and beneath the
aforementioned container so as to pull the aforementioned
erythrocytes with the magnetic particles contained in the
ferrofluid to the bottom of the aforesaid container (erythro-
cyte plate), followed, as the case may be, by removal of the
supernatant obtained;

[0113] d) as the case may be, washing the pellet of eryth-
rocytes and magnetic particles by the addition of a wash
solution, followed by the removal of the supernatant after
plating the erythrocytes, this step being able to be repeated
several times;

[0114] e)the transfer into a second container of a sample or
of'the totality of the suspension of erythrocytes and ferroftuid
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obtained in step ¢) or d), said second container being coated
on its lower internal wall with an anti-globulin capable of
recognizing and binding on this wall the irregular-antibody/
test-erythrocyte complexes possibly present;

[0115] f) the application of a magnetic field to said second
container in such a way that the erythrocytes are pulled to the
bottom of the aforesaid container with the magnetic particles
contained in the ferrofluid; and

[0116] g) reading with the naked eye and/or any other suit-
able reading system of the distribution of the erythrocytes on
the lower wall of the container.

[0117] According to this method, the presence of a single
red point located on the vertical axis of the container and at its
bottom could be interpreted as the absence of irregular anti-
bodies.

[0118] On the other hand, the significant presence of eryth-
rocytes distributed throughout the area of the container coated
with anti-immunoglobulin (or anti-species, see the variant
below) could be interpreted as a presence of irregular anti-
bodies.

[0119] The invention relates to a method for the search for
and/or the identification of irregular antibodies according to
the present invention, characterized in that step b), addition of
a ferrofluid solution to the suspension of the aforesaid test
erythrocytes, is carried out before the addition of the afore-
said sample of serum or plasma.

[0120] The invention relates to a method for the search for
and/or the identification of irregular antibodies according to
the present invention, characterized in that:

[0121] before step e), the suspension of washed erythro-
cytes obtained in the preceding step is placed in contact
in the first container with an anti-immunoglobulin solu-
tion, and, as the case may be, after shaking and incuba-
tion;

[0122] asample orthe totality of the suspension of eryth-
rocytes and ferrofluid obtained is transferred into the
second container, said second container being coated on
its lower internal wall with anti-globulin, preferably an
anti-species antibody, capable of recognizing and bind-
ing on this wall the anti-immunoglobulin/irregular-anti-
body/test-erythrocyte complexes possibly present.

[0123] According to another aspect, the present invention
relates to a method according to the invention for determining
the compatibility between an erythrocyte concentrate of a
donor and a recipient, characterized in that it is comprised of
the steps of the method for the search for and/or the identifi-
cation of irregular antibodies according to the present inven-
tion but in which in step a),

[0124] a sample of plasma or serum of the recipient is
incubated in the aforementioned first container with a
suspension of erythrocytes of the donor under condi-
tions allowing the antibodies likely to be present and
directed against a blood-group antigen present on the
erythrocytes of the donor to bind to the aforementioned
erythrocytes,

[0125] the following steps and their variants being iden-
tical to the method for the irregular agglutinin test
according to the present invention.

[0126] According to another aspect the present invention
relates to a device for determining, by an erythrocyte agglu-
tination reaction, the presence of a blood-group antigen on the
surface of an erythrocyte of a sample and, as the case may be,
the presence of an anti-antigen blood-group antibody in a
sample, characterized in that it is comprised of:
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[0127] a) a container containing a ferrofluid solution;
[0128] b) a container containing a suspension of erythro-
cytes of the sample to be tested;

[0129] c¢) one or more reaction containers containing an
anti-antigen blood-group antibody, as the case may be, in
desiccated form and, as the case may be, one or more con-
tainers containing a suspension of test erythrocytes of a
known group;

[0130] d) at least one magnet or an assembly of magnets
which can be located outside and beneath said container or
containers;

[0131] e) a shaking system for the aforesaid container or
containers, and, as the case may be,

[0132] f) a reader capable of evaluating the presence of
erythrocyte agglutinates in each container.

[0133] Preferably, the device according to the invention is
characterized in that the aforementioned reaction container is
a microplate well, preferably with a round bottom.

[0134] According to a specific embodiment, the invention
has as an object a device for the ABO blood grouping of a
sample of total blood from an individual, characterized in
that:

[0135] the aforementioned containers containing a sus-
pension of test erythrocytes of a known group distinctly
contain a suspension of test erythrocytes of group A,
preferably A1, a suspension of test erythrocytes of group
B, and, as the case may be, a suspension of test erythro-
cytes of group O; and

[0136] the aforementioned containers containing an
anti-antigen blood-group antibody distinctly contain an
anti-A antibody and an anti-B antibody.

[0137] According to an equally specific embodiment, the
invention has as an object a device for blood phenotyping,
excluding the Simonin test, of a sample of total blood from an
individual, characterized in that:

[0138] the aforementioned containers distinctly contain
a test antibody specific for the blood-group antigens
whose presence or absence on the erythrocytes of the
sample is sought.

[0139] According to another specific embodiment, the
invention has as an object a device for blood phenotyping,
including the Simonin test, of a sample of total blood from an
individual, characterized in that:

[0140] the aforementioned containers containing a sus-
pension of test erythrocytes of a known group distinctly
contain a suspension of test erythrocytes of group A,
preferably A1, a suspension of test erythrocytes of group
B, and, as the case may be, a suspension of test erythro-
cytes of group O; and

[0141] the aforementioned containers containing an
anti-antigen blood-group antibody distinctly contain an
anti-A antibody, an anti-B antibody and a test antibody
specific for the blood-group antigens, except ABO,
whose presence or absence on the erythrocytes of the
sample is sought to be determined.

[0142] According to another aspect, the present invention
has as an object a kit of reagents for determining, by an
erythrocyte agglutination reaction, the presence of an antigen
of'the blood group on the surface of a erythrocyte of a sample
and, as the case may be, the presence of an anti-antigen
blood-group antibody in a sample, characterized in that it is
comprised of:

[0143] a) one or more reaction containers distinctly con-
taining an anti-antigen blood-group antibody;
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[0144] b)a ferrofluid solution, diluted as the case may be in
a buffer or in a physiological solution, preferably in a low
ionic strength solution buffer;

[0145] c) as the case may be, a suspension of test erythro-
cytes of a known blood group; and

[0146] e) as the case may be, one or more magnets which
can be placed outside and beneath the reaction containers.
[0147] The invention particularly relates to a kit of reagents
according to the invention, for the ABO blood grouping of a
sample of total blood from an individual, characterized in
that:

[0148] the aforementioned containers containing a sus-
pension of test erythrocytes of a known group distinctly
contain a suspension of test erythrocytes of group A,
preferably Al, a suspension of test erythrocytes of group
B, and, as the case may be, a suspension of test erythro-
cytes of group O; and

[0149] the aforementioned containers containing an
anti-antigen blood-group antibody distinctly contain an
anti-A antibody and an anti-B antibody.

[0150] Theinventionalso relates to akit of reagents accord-
ing to the invention for blood phenotyping, including the
Simonin test, of a sample of total blood from an individual,
characterized in that it includes in addition containers dis-
tinctly containing test antibodies specific for the blood-group
antigens, other than antigen A and B, whose presence or
absence on the erythrocytes of the sample to be phenotyped is
sought to be determined.

[0151] Preferably, the kit of reagents according to the
invention is characterized in that the aforementioned anti-
antigen blood-group antibodies contained in the aforemen-
tioned containers are in desiccated form.

[0152] Preferably still, the kit of reagents according to the
invention is characterized in that the aforementioned contain-
ers are microplate wells, preferably with round bottoms.
[0153] Theexamples which follow are intended to illustrate
the invention without limiting its scope in any way.

EXAMPLE 1
Manufacture of Pre-Purified Ferrofluid
Materials and Method
Manufacture of Ferrofluid:

Specific Materials and Chemicals

[0154] 1 Stericup GS filter, 200 ml, 0.22 pum (ref.:
107943)

[0155] 1 magnet

[0156] 28-30% solution of NH,OH (Acros, ref.

205840025 batch no. A017559001)

[0157] 60% solution of HNO, (Normapur, ref: UN 2031
batch no. N182)

[0158] FeCl,, 4H,0 (Sigma, ref.: 22,029-9 hatch no.
S18641-463)

[0159] FeCl,, 6H,O (Sigma, ref.: F-2877, batch no.
033K0108).

Manufacture of Ferrofluid:

Preparation:

[0160] 1) Weigh 13.51 g of FeCl, and dissolve in 20 ml of
filtered demineralized water by magnetic stirring. Transfer
the solution to a 50 ml test tube, rinse and bring up to 50 ml
with filtered demineralized water (solution at 1 M).
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[0161] 2) Weigh 19.88 g of FeCl, and dissolve in 20 ml of
filtered demineralized water by magnetic stirring. Transfer
the solution to a 50 ml test tube, rinse and bring up to 50 ml
with filtered demineralized water (solution at 2 M).

[0162] 3) Filter each solution on a 0.22 um syringe filter.
[0163] 4) Place 30 ml of a 28% ammonia (NH,OH) solu-
tion in a 250 ml test tube and bring up to 120 ml with filtered
demineralized water (solution at 2 M).

[0164] 5) Weigh an empty Rotavapor 1 liter glass flask.
Incubation:
[0165] 6)Place 10 ml of the FeCl, solution (2 M) and 40 ml

of the FeCl, solution (1 M) in the 1 liter Rotavapor flask,
homogenize the solution by shaking the flask by hand.
[0166] 7) Add 200 ml of filtered demineralized water,
homogenize the solution by shaking the flask by hand.
[0167] 8) Place the flask on an incline in a Rotavapor-type
apparatus.

[0168] 9) Turn the flask at maximum speed to homogenize
the solution well.

[0169] 10)Add 120 ml of the 2 M ammonia solution.
[0170] 11) Allow the flask to turn for 15 minutes.
[0171] 12) Place 105 ml of 60% nitric acid (HNO;) in a 1

liter flask and bring up to 1 liter with filtered demineralized
water (solution at 1 M).

[0172] 13) After 15 minutes of rotation, place the flask on
the magnet for 4 minutes.

[0173] 14) Aspirate the totality of the supernatant.

[0174] 15) Resuspend the pellet.

First Washing:

[0175] 16) Place the flask on the Rotavapor and turn it at

maximum speed.

[0176] 17)Add 200 ml of the 1 M HNO; solution.

[0177] 18) Allow the flask to turn for 10 minutes.

[0178] 19) Resuspend the pellet.

[0179] 20) Repeat the operation until the pellet is com-

pletely dissolved.

[0180] 21) Place the flask on the Rotavapor in order to
decant the iron suspension.

[0181] 22) Aspirate the supernatant.

[0182] 23) Resuspend the pellet.

Steps 16 to 23 can be repeated if necessary.

Final Dilution:

[0183] 26) Weigh the flask.
[0184] 27) Deduce the weight of the pellet obtained and
calculate the reaction yield:
[0185] (Weight of the pellet obtained/Weight of the ini-
tial iron)x100
[0186] Weight of the initial iron=14.77 g
[0187] Yield>55%

[0188] 28) Add 200 ml of filtered water to the flask.
[0189] 29) Place the flask on the Rotavapor.

[0190] 30) Resuspend the pellet.

[0191] 31) Filter the solution on a 0.22 pum Stericup filter.

Preparation of the Ferrofluid Stock Solution:

[0192] Dilute the ferrofluid thus obtained in a LISS buffer
or a physiological solution to the desired concentration in a
bottle. On a label affixed to the bottle, note the ferrofluid
concentration, batch number and manufacture date.
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[0193]
C.

Store the ferrofluid and/or the diluted solution at 4°

EXAMPLE 2

Phenotyping of 288 Samples: 144 Donors+144
Recipients by an Automated Technique (on a
TECAN Automated System)

[0194] TECAN automated system equipped with a plate
of 96 unipolar magnets alternating in the North-South
direction (12,000 gauss), a Variomag Teleshake (H+P
Lab) and a microplate reader.

[0195] Blood samples in an EDTA anticoagulant
[0196] extemporaneously placed in contact with the

red blood cells (RBC) of patients with various batches
of ferrofluid diluted to between 0.3% and 0.5% (v/v)
in LISS or in a physiological buffer.

[0197] Counter-test: Red blood corpuscles Al and B of a
panel extemporaneously placed in contact with various
hatches of ferrofluid diluted to between 0.3% and 0.5%
(v/v)in LISS or in a physiological buffer, and stored at 4°
C.in 1% RBC (v/v).

[0198] 5 minutes of magnetization.

[0199] Shaking on the Teleshake:

[0200] Before magnetization: 1.5 minutes at 700 rpm
NWSE.

[0201] After magnetization: 2 minutes at 900 rpm
NWSE+45 seconds at 450 rpm NWSE.

Results:

[0202] The performance of the test was evaluated in com-
parison with a selected reference technique called DUO
MICRO in the technical manual.

[0203] Use of 4 batches of ferrofluid diluted to between
0.34% and 0.45% (v/v) in LISS or in a physiological buffer
prepared as above, assigned randomly to the 288 samples.
[0204] Agreement with the reference technique greater
than or equal to 98% (6 rejections).

[0205] 21 Kell positives expected=>20 Kell positives
found.

[0206] No sedimentation point.

Table comparing the two techniques:

Technique with ferrofluid

+ - Uncertain
Duo-Micro + 282 0 0 282
- 0 0 4 (TN; D) 4
Uncertain 0 1 (K inDP) 1(CinDP) 2
282 1 5 288

Identification of the rejections observed:

[0207] A sample with uncertain Rhl (reader value=33)
and its granular TN (reader value=3).

[0208] A sample with uncertain Rh1 (reader value=28).

[0209] A sample with a double population (DP) weak in
C, not detected on the automated system (reader
value=6).

[0210] A sample with granular Rh1 (reader value=15).

[0211] A sample with a double population weak in Kell
and not detected on the automated system.
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[0212] A sample with granular TN (reader value=17).
[0213] Tt should be noted that the tubes with the double
populations contained a very small globular pellet, which
could cause sampling problems in the tube with the TECAN
needles.

[0214] Moreover, the double populations were only very
weakly detected by the reference technique (Duo Micro by
centrifugation), with the naked eye and the reader interpreting
them as uncertain.

[0215] The granulations are only very slightly visible with
the naked eye and if the negativity threshold is raised they will
no longer be detected by the reader.

EXAMPLE 3

Sample Phenotyping: Automated Technique (on a
TECAN Automated System)

Materials:

[0216] Samples from donors and recipients in EDTA
(ethylenediaminetetraacetic acid) tubes.
[0217] Washed pure ferrofluid solutions
[0218] extemporaneously placed in contact with the
red blood cells (RBC) of patients with various batches
of ferrofluid diluted to between 0.3% and 0.5% (v/v)
in LISS.
[0219] Counter-test red blood corpuscles extemporane-
ously placed in contact and preferably stored in 1%
physiological buffer at 4° C.

[0220] Bromelain (Diagast code no. 69024).

[0221] Duo Micro microplates, batch 302000.

[0222] LISS (Diagast code V6901B-1).

[0223] Greiner 96-well plate (Deep Well, 700 pl).
Protocol:

[0224] Centrifuge the tubes from the patients at 2,500 G

for 5 minutes at ambient temperature.

[0225] Place the sample tubes in the sample racks.

[0226] Place the tubes of test red blood corpuscle (Al
and B) in suspension in the ferrofluid for the counter-test
in a sample rack.

[0227] Make a magnetizing ferrofiuid solution with an
OD at450 nm equivalent to 0.9 in LISS, to be distributed
into 8 hemolysis tubes in position 1 to 8, grid no. 4.

[0228] Fill rack no. 2 with bromelain.

[0229] Place the Deep Well plate on site no. 1, gridno. 7,
and the Duo Micro microplates on sites no. 2 and 3, grid
no 7.

[0230] Begin the Duo Micro protocol with the TECAN:

[0231] deposit 25 pl of plasma in the counter-test
wells,
[0232] in the Deep Well, distribute 240 pl of magne-

tizing solution per sample to be tested,

[0233] add 10 pl of the globular pellet to the magne-
tizing solution,

[0234] homogenize the globular suspension by aspi-
rating and injecting several times,

[0235] add 700 wl of bromelain,

[0236] deposit 40 pl of the magnetized globular sus-
pension and bromelain in the wells of the 2 Duo Micro
microplates,

[0237] deposit 25 pl of test red blood corpuscles in the
counter-test wells,

[0238] incubate the microplates for 10 minutes,
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[0239] shake the microplates on the Teleshake at 700
rpm for 1.5 minutes,
[0240] magnetize the microplates for 5 minutes,
[0241] shake the microplates on the Teleshake at 900
rpm for 2 minutes, then at 450 rpm for 45 seconds.
[0242] Read the plate on the reader, then read with the
naked eye.

EXAMPLE 4

Phenotyping of 312 Samples Using a Manual Tech-
nique

Protocol:
Manufacture of Ferrofiuid: See Example 1.

Manual Feasibility Carried Out on 312 Samples: 160
Donors+152 Recipients.

[0243] Blood samples in EDTA.

[0244] Extemporaneous magnetizing of the RBC of
patients with various batches of ferrofluid stock solution
diluted in LISS in order to have a final ferrofluid dilution
of between 0.3% and 0.5%.

[0245] Counter-test: red blood corpuscles Al and B of a
panel placed in suspension in a glass bottle in the diluted
ferrofluid solution (stock solution diluted to 0.3% in
LISS or in a physiological buffer) and stored at 4° C. in
1% RBC (in LISS, preferably in a physiological buffer).

[0246] Magnetize for 5 minutes.

[0247] Shake on the Teleshake:

[0248] before magnetization: 1.5 minutes at 700 rpm
NWSE,

[0249] after magnetization: 2 minutes at 900 rpm
NWSE+45 seconds at 450 rpm NWSE.

Results:

[0250] The performance of the test was evaluated in, com-
parison with a selected reference technique called DUO
MICRO in the technical manual.

[0251] Use of the 4 batches of ferrofluid cited above
assigned randomly to the 312 samples.

[0252] Agreement with the reference technique—98%.
[0253] Rejection=2% (7 of 312 samples rejected).

[0254] 35 Kell positives expected=>34 Kell positives
found.

[0255] Sedimentation point %—0.4% (15 of 3744 wells).

Table Comparing the Two Techniques:

[0256]
Ferrgfiuid techni ue
+ - Uncertain
Duo-Micro + 305 0 0 305
- 0 0 S(IN= 5
granulations)
Uncertain 0 1(KellinDP) 1(CinDP) 2
305 1 6 312
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Identification of the Rejections Observed:

[0257] A sample with a double population (DP)low in C,
interpreted as uncertain (reader value=33) but also inter-
preted as uncertain with the naked eye and with the
reader in the reference technique (reader value=27).

[0258] A sample with a double population in Kell and
undetected (FN). It should be noted that the sample has
very little volume in the tube, which makes the sampling
of the pellet very difficult and can lead to a decrease in
the hematocrit in this step of the protocol.

[0259] 5 samples had granulations in the TN (reader
values=18, 14, 12,36 and 18) as well as in all the speci-
ficities for which they were negative (the reader values
were less than 20). Two of these samples were on the
same plate.

Conclusion:

[0260] At the end of this study, we can see that the perfor-
mance of the technique using ferrofluid for phenotyping is
very close to that of the reference technique used in compari-
son.

[0261] If the “ferrofluid” technique did not detect certain
very low double populations, whereas the reference tech-
nique detected them as uncertain, it can be noted nevertheless
that these 2 false negatives can be explained by the fact that
the sample tubes were only slightly filled and that the volume
of the globular pellet was low, thus the hematocrit of the
sample was too low.

[0262] Ingeneral, and for the entire population of recipients
tested, 30% were samples with double populations which
were always detected by the “ferrofluid” technique.

[0263] With regard to the samples rejected following
granulations, these are slightly visible with the naked eye and
the reader rejects them because they exceed the negativity
threshold set at 10. Currently this threshold of negativity is set
at 15 or even 20 on all readers. If we were to set the threshold
at these same values the rejection rate would be less than 1%.

1. A method of phenotyping blood, capable of including
the so-called Simonin test, and/or for searching for irregular
agglutinins (irregular agglutinin test) in a sample of serum or
blood plasma and/or for determining the compatibility
between a donor of concentrated erythrocytes and the recipi-
ent, characterized in that it includes a step in which the sus-
pension of erythrocytes to be phenotyped or the suspension of
test erythrocytes used in this method is placed in contact with
an aqueous solution of ferrofluid obtained or likely to be
obtained from a mixture of polyoxoanions of Fe(III) and of at
least one M(II) metal of oxidation state II.

2. A method according to claim 1, characterized in that the
aforementioned aqueous ferrofluid solution is surfactant-
free.

3. A method according to claim 1 or claim 2, characterized
in that the aforementioned ferrofluid is prepared from a mix-
ture of polyoxoanions of Fe(Ill) and of at least one M(II)
metal of oxidation state II selected among the metals of the
first series of transition metals such as Fe(1l), Co(II), Mn(II),
Cu(I) or Ni(ID).

4. A method according to one of the claims 1 to 3, charac-
terized in that the aforementioned ferrofiuid is prepared from
a mixture of polyoxoanions of Fe(III) and Fe(II).



US 2011/0207151 Al

5. A method according to one of the claims 1 to 4, charac-
terized in that the aforementioned ferrofluid is prepared from
the aforesaid mixture of polyoxoanions associated with a
cation.

6. A method according to claim 5, characterized in that the
aforementioned cation is selected among H*, CH;*, N(CHj;)
4+’ N(C2H5)4+'

7. A method according to one of the claims 1 to 6, charac-
terized in that the sources of starting metals chosen for Fe(III)
and M(II) for preparing the aforementioned ferrofluid will be
ferric chloride and ferrous chloride, respectively.

8. A method according to one of the claims 1 to 7, charac-
terized in that the aforementioned ferrofluid is prepared from
an initial mixture of Fe(I1I) and of M(II) metal of a molar ratio
between 1 and 3.

9. A method according to claims 1 to 8, characterized in
that the aforementioned ferrofluid is prepared from an initial
mixture of Fe(IIl) and of M(II) metal of a molar ratio equal to
2+0.1.

10. A method according to claim 1, characterized in that the
aforementioned ferrofluid is obtained by the methods dis-
closed in examples 1 to 8 of the French patent application
published under the number 2 461 521.

11. A method according to one of the claims 1 to 10,
characterized in that the aforementioned aqueous ferrofluid
solution is diluted beforehand in a buffer or in a physiological
solution.

12. A method according to one of the claims 1 to 10,
characterized in that the aforementioned aqueous ferrofluid
solution is diluted to between 0.25% and 10% (v/v) in the
aforementioned buffer or in the aforementioned physiologi-
cal solution.

13. A method according either to claim 11 and claim 12,
characterized in that the aforementioned buffer is a low ionic
strength solution buffer.

14. A method according to one of the claims 1 to 13 for
determining, by an erythrocyte agglutination reaction, the
presence of a blood-group antigen on the surface of an eryth-
rocyte of a sample and, as the case may be, the presence of an
anti-antigen blood-group antibody in a sample, characterized
in that it is comprised of the following steps:

a) the mixture of a suspension of erythrocytes contained in
the sample, and as the case may be, of a suspension of
test erythrocytes of a known group, with a ferrofluid
solution so as to obtain a homogeneous suspension of
the aforesaid erythrocytes in the ferrofluid solution;

b) the placing in contact in a container of the suspension of
erythrocytes obtained in step a) with:
an anti-antigen test antibody of a known blood group if

the suspension obtained in step a) is a suspension of
erythrocytes from the sample; and, as the case may be,
the sample likely to contain an anti-antigen blood-group
antibody if the suspension obtained in step a) is a
suspension of test erythrocytes of a known blood
group,
this step being followed by an incubation step;

c) the shaking of the suspension obtained in step b) after
incubation;

d) the application of a magnetic field to said container in
such a way that the particles of ferrofluid are pulled to
the bottom of the aforesaid container;

e) the shaking of the suspension obtained in step d);
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f) the reading by the naked eye and/or by any other suitable
reading system of the possible presence of erythrocyte
agglutinates in the container.

15. A method according to claim 14, characterized in that in
step a), the aforementioned ferrofluid solution is a ferrofluid
solution obtained or likely to be obtained from a mixture of
polyoxoanions of Fe(IIl) and of at least one M(II) metal of
oxidation state IT which was diluted beforehand in a buffer or
in a physiological solution in a range between 0.2% and 2%
v/v).

16. A method according to claim 15, characterized in that
the aforementioned ferrofluid solution obtained or likely to be
obtained from a mixture of polyoxoanions of Fe(III) and of at
least one M(IT) metal of oxidation state IT was diluted before-
hand in a buffer or a physiological solution in a range between
0.25% and 0.75% (v/v), preferably 0.5%.

17. A method according to one of the claims 13 to 16,
characterized in that before step b), the aforementioned sus-
pension of erythrocytes contained in the sample is subjected
beforehand to the action of a protease enzyme, preferably
bromelain.

18. A method according to claim 17, characterized in that
when the suspension obtained in step a) is a suspension of
erythrocytes from the sample, the aforementioned suspension
of erythrocytes is subjected to the action of the protease
enzyme at the end of step a).

19. A method according to one of the claims 13 to 18,
characterized in that in step b), the anti-antigen blood-group
test antibodies are contained in desiccated form in the con-
tainer before the placing in contact of the suspension obtained
in step a) if this suspension is a suspension of erythrocytes
from the sample.

20. A method according to one of the claims 13 to 19,
characterized in that the anti-antigen test antibodies of a
known blood group or the anti-antigen blood-group antibod-
ies likely to be contained in the sample are agglutinating
antibodies, preferably of the IgM type.

21. A method according to one of the claims 13 to 20,
characterized in that the incubation step at the end of step b)
is carried out for a period of time between 5 and 15 minutes,
preferably for 10 minutes at ambient temperature.

22. A method according to one of the claims 13 to 21,
characterized in that shaking step c) is carried out for a period
of time between 30 seconds and 2 5 minutes, preferably
between 1 minute and 2 minutes.

23. A method according to one of the claims 13 to 22,
characterized in that step d), application of a magnetic field to
said container, is carried out by means of a magnet located
outside and beneath the container in such a way that the
particles of ferrofluid are pulled to the bottom of the aforesaid
container according to a vertical axis.

24. A method according to claim 23, characterized in that in
step d) the aforementioned magnet is a permanent magnet of
a strength between 10,000 and 14,000 gauss, preferably
12,000 gauss.

25. A method according to claim 23 or claim 24, charac-
terized in that in step d) the magnetic field is applied to said
container for 2.5 minutes to 10 minutes, preferably for 4
minutes to 6 minutes.

26. A method according to one of the claims 13 to 25,
characterized in that step e), the shaking of the suspension
before reading, is carried out in two successive shaking steps,
the second being shorter in time and less vigorous than the
first.
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27. A method according to one of the claims 13 to 26,
characterized in that in step a) the aforementioned suspension
of erythrocytes from erythrocytes contained in the sample
results from a pellet of erythrocytes obtained after sedimen-
tation of a sample of total blood of an individual.

28. A method according to one of the claims 13 to 27,
characterized in that in step a) the aforementioned sample
likely to contain the anti-antigen blood-group antibodies is a
sample of plasma or serum obtained after sedimentation of a
sample of total blood of an individual.

29. A method according to one of the claims 13 to 28,
characterized in that in step b) the aforementioned container
is a microplate well, preferably a round-bottomed well.

30. A method according to claim 29, characterized in that in
step ¢) shaking is carried out using a microplate shaker at a
speed between 500 rpm and 800 rpm, preferably between 650
rpm and 750 rpm.

31. A method according to claim 29 or claim 30, charac-
terized in that in step e) shaking is carried out in 2 steps using
amicroplate shaker, a first shaking for 1 minute to 2.5 minutes
at a speed between 800 rpm and 1000 rpm, preferably 105
seconds at a speed of 900 rpm, and the second shaking for 30
seconds to 1 minute at a speed between 350 rpm and 550 rpm,
preferably for 45 seconds at a speed of 450 rpm.

32. A method according to one of the claims 29 to 31,
characterized in that in step b):

40 pl to 50 pl of the suspension of erythrocytes obtained in
step a) are placed in contact in said well with the anti-
antigen test antibodies of a known blood group con-
tained in desiccated form at the bottom of the well, if the
suspension of erythrocytes obtained in step a) is a sus-
pension of erythrocytes from the sample; and, as the case
may be,

20 pl to 30 pl of the suspension of erythrocytes obtained in
step a) are placed in contact in said well with 20 ul to 30
ul of plasma or of serum of the sample likely to contain
the anti-antigen blood-group antibodies, if the suspen-
sion of erythrocytes obtained in step a) is a suspension of
test erythrocytes of a known blood group.

33. A method according to one of the claims 13 to 32 for the
ABO blood grouping of a sample of total blood from an
individual, characterized in that in step b):

the suspension of erythrocytes from the sample obtained in
step a) is placed in distinct containers with an anti-A test
antibody and an anti-B test antibody; and

a sample of plasma or serum from the individual is placed
in distinct containers with a suspension of test erythro-
cytes of group A, preferably Al, a suspension of test
erythrocytes of group B, and, as the case may be, a
suspension of test erythrocytes of group O,

characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the individual’s ABO group.

34. A method according to one of the claims 13 to 33 for
blood phenotyping, excluding the Simonin test, of a sample of
total blood from an individual, characterized in that in step b):

the suspension of erythrocytes from the sample obtained in
step a) is placed in contact in distinct containers with a
test antibody specific for the blood-group antigens
whose presence or absence on the erythrocytes of the
sample is sought to be determined, each container con-
taining only one antibody specificity,
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characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the phenotype of the individual for the
antigens of the blood group sought.

35. A method according to one of the claims 13 to 33 for
blood phenotyping, Simonin test included, of a sample of
total blood from an individual, characterized in that in step b):

the suspension of erythrocytes from the sample obtained in
step a) is placed in contact in distinct containers with an
anti-A test antibody and an anti-B test antibody, and

the suspension of erythrocytes from the sample obtained in
step a) is placed in contact in other distinct containers
with a test antibody specific for the blood-group antigen,
except antigen A and B, whose presence or absence on
the erythrocytes of the sample is sought to be deter-
mined, each container containing only one antibody
specificity; and

a sample of plasma or serum from the individual is placed
in contact in other distinct containers with a suspension
of test erythrocytes from group A, preferably Al, a sus-
pension of test erythrocytes of group B, and, as the case
may be, a suspension of test erythrocytes of group O,

characterized in that in step f) the possible presence of eryth-
rocyte agglutinates in each of the aforesaid containers is
evaluated by reading with the naked eye and/or any other
suitable reading system, the whole of these readings making
it possible to determine the ABO group of the individual to
determine the phenotype of the individual for the other anti-
gens of the blood group sought.

36. A method according to one of the claims 3 to 13 for the
search for and/or the identification of irregular antibodies in a
sample of plasma or serum of arecipient, characterized in that
it is comprised of the following steps:

a) incubation in a first container of the aforesaid sample of
plasma or serum with a suspension of test erythrocytes
of known phenotype under conditions allowing the
irregular antibodies likely to be present to specifically
bind on the test erythrocytes;

b) the addition of a ferrofluid solution to the mixture
obtained in step a) so as to obtain a homogeneous sus-
pension of the aforesaid erythrocytes in the ferroftuid
solution;

¢) the application of a magnetic field to said container by
means of a magnet located outside and beneath the
aforementioned container so as to pull the aforemen-
tioned erythrocytes with the magnetic particles con-
tained in the ferrofluid to the bottom of the aforesaid
container (erythrocyte plate), followed, as the case may
be, by removal of the supernatant obtained;

d) as the case may be, washing the pellet of erythrocytes
and magnetic particles by the addition of a wash solu-
tion, followed by the removal of the supernatant after
plating the erythrocytes, this step being able to be
repeated several times;

e) the transfer into a second container of a sample or of the
totality of the suspension of erythrocytes and ferroftuid
obtained in step ¢) or d), said second container being
coated on its lower internal wall with an anti-globulin
capable of recognizing and binding on this wall the
irregular-antibody/test-erythrocyte complexes possibly
present;
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f) the application of a magnetic field to said second con-
tainer in such a way that the erythrocytes are pulled to
the bottom of the aforesaid container with the magnetic
particles contained in the ferrofluid; and

g) reading with the naked eye and/or any other suitable
reading system of the distribution of the erythrocytes on
the lower wall of the container.

37. A method according to claim 36, characterized in that
step b), addition of a ferrofluid solution to the suspension of
the aforesaid test erythrocytes, is carried out before the addi-
tion of the aforesaid sample of serum or plasma.

38. A method according to claim 36 or claim 37, charac-
terized in that:

before step e), the suspension of washed erythrocytes
obtained in the preceding step is placed in contact in the
first container with an anti-immunoglobulin solution,
and, as the case may be, after shaking and incubation;

a sample or the totality of the suspension of erythrocytes
and ferrofluid obtained is transferred into the second
container, said second container being coated on its
lower internal wall with anti-globulin, preferably an
anti-species antibody, capable of recognizing and bind-
ing on this wall the anti-immunoglobulin/irregular-anti-
body/test-erythrocyte complexes possibly present.

39. A method according to one of the claims 3 to 13, for
determining the compatibility between an erythrocyte con-
centrate of a donor and a recipient, characterized in that it is
comprised of the steps of the method for the search for and/or
the identification of irregular antibodies according to one of
the claims 36 to 38 but in which method in step a),

a sample of plasma or serum of the recipient is incubated in
the aforementioned first container with a suspension of
erythrocytes of the donor under conditions allowing the
antibodies likely to be present and directed against a
blood-group antigen present on the erythrocytes of the
donor to bind to the aforementioned erythrocytes,

the following steps being identical.

40. A device for determining, by an erythrocyte agglutina-
tion reaction, the presence of a blood-group antigen on the
surface of an erythrocyte of a sample and, as the case may be,
the presence of an anti-antigen blood-group antibody in a
sample, characterized in that it is comprised of:

a) a container containing a ferrofluid solution such as

defined in claims 1 to 13;

b) a container containing a suspension of erythrocytes of
the sample to be tested;

¢) one or more reaction containers containing an anti-
antigen blood-group antibody, as the case may be, in
desiccated form and, as the case may be, one or more
containers containing a suspension of test erythrocytes
of a known group;

d) atleast one magnet or an assembly of magnets which can
be located outside and beneath said container or contain-
ers;

e) a shaking system for the aforesaid container or contain-
ers, and, as the case may be,

f) a reader capable of evaluating the presence of erythro-
cyte agglutinates in each container.

41. A device according to claim 40, characterized in that
the aforementioned reaction container is a microplate well,
preferably with a round bottom or a V-shaped bottom.

42. A device according to claim 40 or claim 41 for the ABO
blood grouping of a sample of total blood from an individual,
characterized in that:
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the aforementioned containers containing a suspension of
test erythrocytes of a known group distinctly contain a
suspension of test erythrocytes of group A, preferably
Al, a suspension of test erythrocytes of group B, and, as
the case may be, a suspension of test erythrocytes of
group O; and

the aforementioned containers containing an anti-antigen

blood-group antibody distinctly contain an anti-A anti-
body and an anti-B antibody.

43. A device according to claim 40 or claim 41 for blood
phenotyping, excluding the Simonin test, of a sample of total
blood from an individual, characterized in that:

the aforementioned containers distinctly contain a test anti-

body specific for the blood-group antigens whose pres-
ence or absence on the erythrocytes of the sample is
sought.

44. A device according to claim 40 or claim 41 for blood
phenotyping, including the Simonin test, of a sample of total
blood from an individual, characterized in that:

the aforementioned containers containing a suspension of

test erythrocytes of a known group distinctly contain a
suspension of test erythrocytes of group A, preferably
Al, a suspension of test erythrocytes of group B, and, as
the case may be, a suspension of test erythrocytes of
group O; and

the aforementioned containers containing an anti-antigen

blood-group antibody distinctly contain an anti-A anti-
body, an anti-B antibody and a test antibody specific for
the blood-group antigens, except ABO, whose presence
or absence on the erythrocytes of the sample is sought to
be determined.

45. A kit for determining, by an erythrocyte agglutination
reaction, the presence of an antigen of the blood group on the
surface of a erythrocyte of a sample and, as the case may be,
the presence of an anti-antigen blood-group antibody in a
sample, characterized in that it is comprised of:

a) one or more reaction containers distinctly containing an

anti-antigen blood-group antibody;

b) a ferrofluid solution, diluted as the case may be in a
buffer or in a physiological solution, preferably in a low
ionic strength solution buffer;

¢) as the case may be, a suspension of test erythrocytes of
a known blood-group; and

d) as the case may be, one or more magnets which can he
placed outside and beneath the reaction containers.

46. A kit according to claim 45 for the ABO blood grouping
of'asample of total blood from an individual, characterized in
that:

the aforementioned containers containing a suspension of
test erythrocytes of a known group distinctly contain a
suspension of test erythrocytes of group A, preferably
Al, a suspension of test erythrocytes of group B, and, as
the case may be, a suspension of test erythrocytes of
group O; and

the aforementioned containers containing an anti-antigen

blood-group antibody distinctly contain an anti-A anti-
body and an anti-B antibody.

47. A kit according to claim 46 for blood phenotyping,
including the Simonin test, of a sample of total blood from an
individual, characterized in that it includes in addition con-
tainers distinctly containing test antibodies specific for the
blood-group antigens, other than antigen A and B, whose
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presence or absence on the erythrocytes of the sample to be 49. Kit according to one of the claims 45 to 48, character-
phenotyped is sought to be determined. ized in that the aforementioned containers are microplate
48. A kit according to one of the claims 45 to 47, charac- wells, preferably with round bottoms or with V-shaped
terized in that the aforementioned anti-antigen blood-group bottoms.

antibodies contained in the aforementioned containers are in
desiccated form. ®o® %k ok %
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