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(57) ABSTRACT

The invention relates to a method for determining one or more
cellularly bound analytes in a liquid sample, said method
being carried out using a device comprising: at least one
feeding zone (5) for applying the liquid sample; a porous
membrane (2) that is suitable for letting cellular components
penetrate therethrough and includes at least one indicator
zone on the membrane, said indicator zone being able to
interact with the cellularly bound analyte and containing at
least one binding element against the cellularly bound ana-
lyte; and at least one absorption area (3) on the membrane,
which absorbs the liquid after the liquid has passed the indi-
cator zones. The at least one indicator zone lies between the
feeding zone (5) and the absorption area (3). The method is
carried out for concentrating and quantifying the minor cell
population in heterogeneous cell populations, for example in
cases of fetomaternal hemorrhage or in chimera, detecting an
analyte provided at a low concentration on cells, determining
the hematocrit value, and/or determining, in parallel, cellu-
larly bound analytes in mixed-field reactions.
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Mixed-field membrane dimensions in mm
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METHOD AND DEVICE FOR THE
DETERMINATION OF MINOR CELL
POPULATION IN HETEROGENEOUS CELL
POPULATIONS

FIELD OF THE INVENTION

[0001] The present invention relates to methods for the
determination of minor cell populations in heterogeneous cell
populations. Said methods are suitable for concentrating and
quantifying the minor cell population in heterogeneous cell
populations, for example in cases of fetomaternal hemor-
rhage; for determining in parallel cellularly bound analytes
and, therefore, for determining both cell populations in
mixed-field reactions after transfusion, in cases of fetomater-
nal hemorrhage or in chimeras; for detecting an analyte which
is present at a low concentration on cells; and/or for deter-
mining the hematocrit value. The invention furthermore pro-
vides a device suitable for said method.

PRIOR ART

FMH

[0002] Duringa pregnancy, blood regularly passes from the
fetal circulation into the maternal circulation (fetomaternal
hemorrhage, FMH). According to the literature, this amounts
to from 0.1 ml to about 30 ml; in approx. 96-98% of pregnan-
cies, FMH is <2 ml, but in 0.3% of pregnancies, quantities of
more than 30 ml are transferred. With the amount of maternal
blood being estimated at 5000 ml, this means that 0.002% to
0.6% of a second type of erythrocytes with an antigen profile
that deviates from that of the mother have entered the mater-
nal circulation, and this becomes clinically relevant if it
results in an immunization. The most prominent example is a
D mother who is pregnant with a D+ fetus. If the mother
produces anti-D antibodies, this may have fatal consequences
in another pregnancy with a D+ fetus (hemolytic disease of
the newborn, HDN). For this reason, the “anti-D prophylaxis™
is administered to the mother in these situations. There is
nonetheless great interest in being able to estimate the amount
of FMH since, for example with an FMH of >30 ml, the
standard anti-D therapy no longer gives sufficient protection.
Thus, standard immunization in the USA comprises 250 to
300 pg of anti-D (IgG), which achieves sufficient prevention
for a pregnant woman, in whose circulation 15 ml of fetal
erythrocytes, i.e. 25 to 30 ml of fetal blood, have entered. The
standard dose administered in Europe is often lower, namely
from 100 to 150 pg of anti-D (IgG), giving protection with an
FMH of 8-10 ml. Each institution that administers anti-D
prophylaxis must employ a method which detects a larger-
than-normal FMH (Issitt P D and Anstee D J. In: Applied
Blood Group Serology [4th edition], Montgomery Scientific
Publications, chapter 41: Hemolytic disease of the newborn,
p. 1045-1050).

[0003] Conventional blood group-serology assays, for
example for detecting the D antigen, cannot even come close
to detecting such small amounts of a second population as
described above.

[0004] There are, therefore, a number of distinct assays
which have been developed especially for detecting an FMH.
Said assays detect fetal erythrocytes, the blood group D anti-
gen or hemoglobin F.

[0005] FMH Detection Assays: FMH Detection Limit
[0006] Rosette Test: Approx. 10 ml
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[0007] This assay is based on detecting erythrocyte aggre-
gates and the microscopic evaluation thereof. Detection ofthe
fetal D antigen.

(Jones A. R, Silver S. Blood 1958; 13: 763 Sebring E. S.,
Polesky H.F. Transfusion 1982; 22: 468 Sebring E. S. In:
Hemolytic disease of the newborn. Arlington, Va.; Am Assoc
Blood Banks 1984: 87.)

[0008]
[0009] This assay is based on the higher resistance of fetal
erythrocytes to elution with acid and the microscopic evalu-
ation thereof. Detection of fetal cells.

Kleihauer-Betke Test: Approx. 5 ml

(Kleihauver E., Braun H., Betke K. Klein Wschr 1957; 35:
637.)

[0010] Flow Cytometry Approx. 1 ml

[0011] D antigen or hemoglobin F is labeled with corre-
sponding antibodies and detected via a fluorescent second
antibody. Detection of the fetal D antigen/hemoglobin.

[0012] Garratty G., Arndt P. Transfusion 1995; 35: 157.
[0013] David B. H. Clin Lab Med 2001; 21: 829.

[0014] Antibody Consumption Assay: Approx. 15 ml
[0015] This assay is the first assay for determining an FMH

that is designed on the basis of a routine method of determin-
ing blood groups (gel technology). It is based on the con-
sumption of anti-D reagent by fetal erythrocytes. The reaction
supernatant is incubated with D-positive test cells and centri-
fuged in the gel test. Detection of the fetal D antigen.

[0016] Lapierre Y., Rigal D., Adam J., Josef D., Meyer F.,
Greber S., Drot C. Transfusion 1990; 30: 109.

[0017] David M., Stelzer A., Wittmann G., Dudenhausen J.
W., Salama A. Z. Geburtshilfe Neonatol 1999; 203: 241.

[0018] These assays are used for detecting erythrocytic
antigens, fetal erythrocytes or hemoglobin F which is char-
acteristic of fetal erythrocytes. All of these methods share the
fact that performing them requires numerous reagents as well
as both time and effort. Furthermore, all methods are charac-
terized in that performing them requires instruments, some of
which are very expensive (microscope, centrifuge, flow
cytometer). Said methods also share the fact that specially
trained staff are needed for performing them. The Kleihauer-
Betke assay has the additional disadvantage that evaluating
the results is very subjective.

Weak D Feature Expressions (Dweak), in Particular DEL

[0019] Another challenge to the serology of donors and
receivers are weak or partial expressions of the D antigen.
Owing to monoclonal antibodies and confirmation in the
indirect Coombs test, typing even of such weak blood groups
appeared to be secure, until the DEL phenotype was
described which has a particularly weak D expression (“nor-
mal” D: 10-30 000 antigens per erythrocyte (RBC); D weak:
400 to 1000; DEL: <30).

[0020] Serologically, DEL can be detected only indirectly
using extremely complicated adsorption-elution tests com-
prising up to 10 washing steps. DEL is of relevance to trans-
fusion medicine, since D receivers of stored blood of a DEL
person can form anti-D antibodies. This problem is so serious
that there is currently a discussion among experts, as to
whether the D status of all (serological) D donors should be
verified by molecular methods.
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Wagner T., Kérmoczi G. F., Buchta C., Vadon M., Lanzer G-,
Mayr W. R., Legler T. J. Transfusion 2005; 45:520.

Mixed-Field Reactions, Homologous Transfusion, Blood
Doping

[0021] Transfusions should always be administered with
the same or compatible ABO and compatible D. In certain
cases, for example with pretransfused patients, it is clinically
indicated to transfuse the same blood group also for other
antigens. However, it is never possible to transfuse the same
blood group in all blood groups (exception: autologous trans-
fusion). This regularly results in the post-transfusion situation
that a person is diagnostically positive and negative for cer-
tain blood group features. In diagnostics, “mixed-field reac-
tions” are found, such as can also be readily detected by
sensitive methods—in particular those capable of spatially
separating individual erythrocytes and hemagglutinates dur-
ing detection. If, for example, 300 ml (67%) of an erythrocyte
concentrate are administered to a K-negative person (blood
group kk), whose circulation has 5000 ml of blood (hemat-
ocrit of 45%), and the concentrate is K+ (blood group Kk or
KK), then nominally around 8% of the erythrocytes of said
person are K+ and 92% of the erythrocytes are K—.

[0022] Such a situation can still be detected, for example,
by the now widely used gel systems from DiaMed and Bio-
Rad. This technology involves centrifuging a diluted suspen-
sion of the erythrocytes of the person to be examined through
a gel-chromatographic column which is closed at the bottom
and which may contain antibody reagents of different speci-
ficities. Free, non-agglutinated cells are capable of passing
through the gel and form a sediment at the bottom of the
reaction vessel, while hemagglutinates are retained on or in
the gel (Lapierre Y., Rigal D., Adam J., Josef D., Meyer F.,
Greber S., Drot C. Transfusion 1990; 30: 109). If the eryth-
rocytes of the example are centrifuged through such an anti-
K-containing column, most of the cells will sediment at the
bottom because they are K—, and a small portion will be
retained on or in the gel (K+), corresponding to the detection
of the mixed field illustrated above. If such erythrocytes as
above are applied to MDmulticard (Medion Diagnostics), a
weak band at anti-K is likewise detectable. However, in con-
trast to gel technology, the method disclosed in
WO2005005991 cannot make visible the negatively reacting
cell population at the same time. All other methods of the
prior art do not have any properties comparable to the gel
systems and MDmulticard for detecting mixed-field reac-
tions.

Homologous Transfusion and Blood Doping:

[0023] Nelson M., Popp, H., Sharpe K., Ashenden M. Hae-
matologica 2003; 88: 1284.

Mixed-Field Reactions after Transfusion:

[0024] IssittP. D.and Anstee D. J. In: Applied Blood Group
Serology (4th edition), Montgomery Scientific Publications.
Chapter 3: Hemolytic disease of the newborn. p. 1045-1050.

Hematocrit

[0025] Thehematocritor total volume of erythrocytes is the
ratio of the volume of erythrocytes to the total volume of
whole blood, expressed as a percentage. The volume ratio of
erythrocytes to whole blood is influenced by the volume and
the number of erythrocytes.
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[0026] The hematocrit can be determined typically by cen-
trifugation of blood-filled capillaries (Strumia M. M., Samble
A.B.,HartE.D., 1954; Am J Clin Path; 24: 1016) in that, after
centrifugation, the ratio of the proportion of sedimented cel-
lular components to the total volume is formed. The hemat-
ocrit can also be determined with the aid of electrical imped-
ance methods. Here, the current flowing in an electrolyte
solution between anode and cathode is influenced by particles
of different conductivity which are introduced into said cur-
rent. The changes in current are recorded as pulses. A particu-
lar particle size and thus, in hematology, a particular cell type,
for example erythrocytes, can be inferred from a particular
pulse amplitude. The cell number and the hematocrit can be
derived from adding up pulses per volume measured (Sysmex
KX-21N Operator’s Manual, 1999).

[0027] It is therefore an object of the present invention to
provide simple, cost-effective, automatable methods deliver-
ing quick results for determining the minor cell population in
heterogeneous populations, as in cases of fetomaternal hem-
orrhage or in chimeras. The invention is also intended to
provide simple, rapid and sensitive methods for detecting an
analyte which is present at a low concentration on cells, for
determining the hematocrit value and/or for determining in
parallel cellularly bound analytes in mixed-field reactions.
Said methods should preferably have increased sensitivity
over known methods.

BRIEF DESCRIPTION OF THE INVENTION

[0028] The objects stated above are solved by providing a
method for determining one or more cellularly bound ana-
lytes in a liquid sample, said method being carried out using
a device comprising:

[0029] at least one feeding zone (S) for applying the
liquid sample,

[0030] a porous membrane (2) that is suitable for being
penetrated by cellular components and that includes at
least one indicator zone on the membrane, which indi-
cator zone can interact with the cellularly bound analyte
and contains at least one binding element against the
cellularly bound analyte, and

[0031] atleast one absorption area (3) on the membrane,
which absorbs the liquid after the latter has passed the
indicator zones,

wherein the at least one indicator zone is located between the

feeding zone (5) and the absorption area (3), and wherein the

method is carried out for concentrating and for quantifying

the minor cell population in heterogeneous cell populations,

for example in cases of fetomaternal hemorrhage or in chi-

meras, for detecting an analyte which is present at a low

concentration on cells, for determining the hematocrit value

and/or for determining in parallel cellularly bound analytes in

mixed-field reactions.

[0032] In a preferred embodiment, the method comprises

the steps of:

[0033] a)applying a sample containing cells to the feeding
zone;

[0034] b) applying a diluent;

[0035] c) performing the assay; and

[0036] d)evaluating the assay by determining whether cells
are bound to the indicator zone.

[0037] Themethodaccording to this preferred embodiment

is preferably carried out for concentrating and for quantifying

the minor cell population in heterogeneous cell populations,
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for example in cases of fetomaternal hemorrhage, or for
detecting an analyte which is present at a low concentration
on cells.
[0038] Said embodiment is also referred to as “incubation
method” hereinbelow.
[0039] DE 10330982 Al and W0O2005/005986 have dis-
closed a lateral flow device. The latter is used therein for the
simultaneous determination of erythrocytic antigens and
serum components such as antibodies. The lateral flow device
disclosed in this printed publication is suitable for the meth-
ods stated according to the invention. The disclosures of DE
10330982 A1 and WO2005/005986 are hereby incorporated
in their entirety.
[0040] Said lateral flow device is utilized according to the
invention as flow cytometer in order to be able to concentrate
to a maximum a second cell population present in a small
amount in a heterogeneous cell mixture. Said concentration is
preferably carried out quantitatively by utilizing a maximum
total amount of blood, and qualitatively by means of an incu-
bation effect caused by an increase in volume. The reading
field in the lateral flow device is similar to the flow cell in a
flow cytometer. The background is kept low by washing out
the cell type present at a higher concentration and immobi-
lizing the lower concentration cell type in the reading win-
dow.
[0041] As a result, a sufficiently large number even of a
low-proportion population passes the antibody band, so that
also this population can be rendered visible. This is made
possible by washing out a large portion of the distinctly
over-proportional population.
[0042] The present method applied to determining FMH is
highly sensitive and enables from approx. 0.1% to 0.2% of
fetal D+ cells to be detected in the maternal blood.
[0043] According to another preferred embodiment, the
device used in the method contains at least two indicator
zones which are arranged one behind the other in the direction
of flow in such a way that the sample liquid passes through
more than one indicator zone in each flow track, wherein the
indicator zones contain binding elements against cellularly
bound analytes, and the method comprises:
[0044] a) applying a blood sample containing erythrocytes
to the feeding zone;
[0045] b) applying a diluent to the feeding zone;
[0046] c) performing the assay;
[0047] d) evaluating the assay by determining whether
erythrocytes are bound to the indicator zone(s),
wherein the method is carried out for determining in parallel
cellularly bound analytes in cases of fetomaternal hemor-
rhage (FMH), for determination in mixed-field reactions, for
detecting a homologous transfusion or for determining the
hematocrit value.
[0048] This embodiment is also referred to as “two-indica-
tor zone method” hereinbelow.
[0049] According to a further aspect of the present inven-
tion, a device is provided for directly determining cellularly
bound analytes in a liquid sample, which device comprises:
[0050] afeeding zone (5) for applying the liquid sample,
[0051] aporous membrane that is suitable for being pen-
etrated by cellular components and includes at least two
indicator zones on the membrane, which indicator zones
can interact with the cellularly bound analyte(s), and
which contain binding elements against cellularly bound
analytes, and
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[0052] atleast one absorption area (3) which absorbs the
liquid after the latter has passed the indicator zones,

wherein the indicator zones are located between the feeding
zone (5) and the absorption area (3), wherein the at least two
indicator zones are arranged one behind the other in the
direction of flow in such a way that the sample liquid passes
through more than one indicator zone in each flow track.

[0053] The lateral flow device provided according to the
invention differs from that of WO2005/005991 in that it has,
according to the invention, in the preferred embodiment illus-
trated herein, two indicator zones located one behind the
other, in order to enable both cell populations in a mixed field
to be made visible at the same time. The sensitivity for detect-
ing a mixed field is higher than that of the only previous
routine method by which mixed fields can be detected,
namely gel technology (DiaMed). The sensitivity of the
method according to the invention enables a minor cell popu-
lation to be detected, if its proportion is approx. 1-2% of the
total population.

[0054] The method and the device enable mixed-field
agglutinations to be detected with high sensitivity. This
usability is also surprising because a person skilled in the art
would have assumed that the first indicator zone, after binding
of'the analyte-bound cells, would act as a diffusion barrier to
binding to the second indicator zone.

[0055] The lateral flow device can be utilized for hemat-
ocrit determination as a flow cytometer which has at least two
indicator positions located one behind the other, in order to be
able to detect the erythrocyte concentration of a blood
sample. The higher said concentration, the more points of a
line give a positive signal. The method may be extended to a
2D array by placing a plurality of flow tracks with, for
example, in each case 5 anti-erythrocyte points side by side,
with the individual flow tracks having increasing or decreas-
ing anti-erythrocyte concentrations.

[0056] The use ofthe lateral flow device also enables blood
group and hematocrit to be determined in parallel.

FIGURE LEGENDS

[0057] FIG. 1 depicts a diagrammatic representation of a
device suitable for carrying out the above-described incuba-
tion method. The reference signs have the following meaning:
(1) support layer; (2) porous membrane; (3) absorption area;
(4) sealing element; (5) feeding zone; and (6) indicator zone
area.

[0058] FIG. 2 depicts diagrammatically a possible applica-
tion pattern for detecting mixed-field reactions.

[0059] FIG. 3 depicts the possible dimensions of the appli-
cation pattern described in FIG. 2 on a membrane suitable for
detecting mixed-field reactions.

[0060] FIGS.4A and 4B illustrate the detection of a mixed-
field reaction with the aid of the two-indicator zone method
according to the invention. FIG. 4A here depicts the result of
the examination of a blood sample with 100% A cc D. ee and
0% B CCD. EE. FIG. 4B depicts the result of the examination
of a blood sample with 98% A cc D. ee and 2% B CC D. EE.
[0061] FIG. 5 depicts the determination of the hematocrit
value with the aid of the method according to the invention.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0062] Inthecontext of the present invention, the following
terms should be understood as illustrated below:

[0063] The term “minor cell population in heterogeneous
cell populations” means that a cell population is present in a
low amount or concentration in comparison with one or more
other cell populations which are also present in the heteroge-
neous cell populations. The concentration of the minor cell
population, based on the total heterogeneous cell population,
here is less than 50%, preferably less than 10%, particularly
preferably less than 1%, in particular less than 0.1%.

[0064] The term “homologous transfusion” means transfu-
sions which are compatible in the essential features; the more
features are checked after such a transfusion, the more likely
it is to be able to detect via mixed fields that transfusion has
occurred. This probability can be maximized by the selection
of the features to be determined. Such determinations are
used for convictions of illegal blood doping by homologous
transfusion.

[0065] The term “autologous transfusion” means self-do-
nation of blood, with donor and receiver here being, per
definitionem, identical in all features.

[0066] The term “mixed field”: Since transfusions, apart
from autologous transfusion, cannot have the same blood
groups with respect to all antigens, mixed fields are produced
in serology with respect to differing antigens between stored
blood and receiver.

[0067] The term “DEL”™: this is a particularly weakly
expressed D feature with <30 antigens/cell. This can no
longer be detected by commercial serological methods.
[0068] The term “hematocrit” means the proportion of
erythrocytes [%] of the total blood volume. The following
averages are observed: men: 44-52%; women: 37-47%.
[0069] The term “chimera” is used for an organism whose
cells represent two or more zygotes.

Preparation of the Lateral Flow Device

[0070] Inprinciple, any lateral flow devices specified in DE
10330982 A1 and WO2005/005986 are suitable.

[0071] The membrane of the device used according to the
invention is a porous membrane. Preferred examples of mem-
brane materials are nitrocellulose (for example UniSart by
Sartorius, HiFlow by Millipore, Whatman, AE99 and FF85/
100 by Whatman Schleicher & Schuell), polyethylene (Lat-
eral Flo by Porex Corporation or nylon (Novylon by CUNO).
The membrane preferably has a very large pore size because
a high porosity of the membrane benefits penetration, in
particular of cellular components of the sample to be deter-
mined, for example of erythrocytes, into the porous structure.
Particularly advantageous is the use of absorbing membranes.
However, the device of the invention is not limited to these
properties. Preference is given to any membranes having a
high capillary flow rate (capillary speed), which is the time
needed by a dye solution to travel 40 mm on a given mem-
brane. Particular preference is given to membranes whose
capillary flow rate is <100.

[0072] In a preferred embodiment of the invention, a seal-
ing element is arranged in the direction of flow on the porous
membrane downstream of the feeding zone of the device
according to the invention. Use is made of two- or three-
dimensional sealing elements which are placed on the porous
membrane and which are used for generating a sample appli-
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cation zone separated from the remaining surface of the
porous membrane. According to the invention, the sealing
element acts primarily as a liquid barrier and allows sample
liquid and test reagents to be distributed into the porous
membrane in a directed manner. Furthermore, according to
the invention, the sealing element seals off the sample appli-
cation zone to prevent an undesired transfer of liquid into the
other areas of the lateral flow device.

[0073] In preferred embodiments, the sealing element is
web- or trough and/or funnel-shaped. The sealing element is
formed by cutting processes from the material used for manu-
facturing the sealing element. In the case of the funnel and
trough shapes, the sealing element is provided with an inner
opening whose preferred embodiment variations are round,
square or rectangular shapes which, in the case of the funnel
shape, taper toward the bottom side (membrane contact side)
of the sealing element.

[0074] Preferred materials for the sealing element are mate-
rials which do not absorb water (hydrophobic materials). In a
particular embodiment, the materials are coated on one side
with an adhesive film, for example a pressure-sensitive or
self-adhesive acrylate adhesive. The sealing element can thus
be glued directly onto the surface of the porous membrane.
Alternatively, the sealing element may be connected, for
example bonded, to the lateral flow housing, wherein in this
embodiment the lateral flow housing presses the sealing ele-
ment onto the surface of the porous membrane, thereby
attaining the functions of said sealing element.

[0075] Preferred materials for producing two-dimensional
sealing elements are any form of adhesive tapes or adhesive
films (forexample Tesa 4124 by Beiersdorf AG, ARcare 7815
by Adhesives Research).

[0076] Preferred materials for producing three-dimen-
sional sealing elements are flexible, closed-pore elastomeric
materials or flexible silicone materials having different mate-
rial thicknesses, preferably 3-5 mm (for example closed cell
rubber EPDM 140 by Pitzner, silicone rubber or non-cellular
rubber, 40° hardness or less, by Castan).

[0077] Ina further preferred embodiment, multiple sealing
elements consisting of one piece with, for example, 20 indi-
vidual cavities (trough shape) are arranged on a membrane.

[0078] Due to this design according to the invention, the
device of the invention is capable of taking up liquid samples
containing cells, such as whole blood for example, without
said cells being filtered offin the process. The sealing element
furthermore allows large sample volumes to be applied to the
porous membrane (feeding zone), without the latter being
flooded. The sealing element thus supports the utilization of
the absorbing properties of the porous membrane. The sealing
element further guarantees a directed sample flow. However,
the device according to the invention is capable of working
well with or without sealing element.

[0079] For the absorption area (absorption pad) of the
device according to the invention, preference is given to
mechanically stable materials which preferably have water
absorption capacities of 20-30 g/100 cm® (e.g. Wicking
Paper, Type 300, Whatman Schleicher and Schiill). Contact
between the absorption pad and the lateral flow membrane of
the device according to the invention is achieved by pressing
down and overlapping with the porous membrane. The exact
positioning of the absorption pad on the membrane is
achieved by bonding the absorption pad to the support layer
(backing sheet) supporting the lateral flow membrane.
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[0080] In a further embodiment, the components of the
device according to the invention are applied to a backing
sheet or support layer for the purpose of mechanical rein-
forcement. However, the device according to the invention is
capable of functioning with or without support layer. Prefer-
ence is given to mechanically stable materials which do not
absorb water and which preferably have material thicknesses
0f 100 um or more and which are coated on one side or on both
sides with an adhesive film, for example a pressure-sensitive
or self-adhesive acrylate adhesive (e.g. 0.005" Polyester
W/GL-187, G & L). The porous membrane and the absorp-
tion pad are fixed to the support layer. In the case of the
double-sided adhesive support layer, the adhesive second side
is used for fixing the stack on other surfaces, for example
inside the lateral flow housing.

[0081] Ina further embodiment, the device according to the
invention, either with or without support layer, to which the
components of the device according to the invention have
been applied, is integrated in a housing, whereby the mem-
brane components are pressed against each other and said
housing supports the sealing element function. However, the
device according to the invention may function equally well
both with and without housing.

Incubation Method

[0082] According to apreferred embodiment, the method s
carried out for determining fetomaternal hemorrhage (FMH),
wherein the sample contains erythrocytes, wherein the indi-
cator zone preferably contains an antibody or an antibody
mixture.

[0083] The sample containing cells may be any sample.
The cells are preferably cells present in the blood, such as
erythrocytes, leukocytes or thrombocytes. Preference is given
to the cells being erythrocytes. The sample containing eryth-
rocytes may here be selected from a whole blood or blood cell
concentrate. The blood cell concentrate here may be a resus-
pended erythrocyte sediment.

[0084] Preference is given to using more than 200 pl of
whole blood, markedly exceeding the number of cells usually
applied to lateral flow devices. Due to the high number of
cells made available to the system, the total number of the
minor cell population passing through the flow cytometer also
increases, thus resulting in better detectability.

[0085] The diluent may in principle be any diluent known
in the prior art. The diluent is preferably selected from physi-
ological saline, Diluent 1, Diluent 2 (DiaMed), Diluent F
(Medion Diagnostics). It is used for diluting the cells, pref-
erably in the 100 pl to 200 pl range. In contrast to methods
disclosed previously, the proportion of diluent of the total
suspension is preferably lower than that of the whole blood or
erythrocyte sediment used, so as to effect a relatively high cell
concentration and a low flow of erythrocytes.

[0086] Performing the assay comprises incubating over a
sufficient period of time, in order for the applied sample to
migrate from the feeding zone through the indicator zone(s)
to the absorption area.

[0087] The assay may be evaluated by the naked eye or in
an automated way.

[0088] The indicator zones of the device according to the
invention are located on the membrane and comprise binding
elements which capture or bind the analytes to be determined
in the sample. The binding reactions between analyte and
binding element are detected in the indicator zones. Particu-
larly preferred binding elements that are attached to the
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porous membrane are antibodies or antibody fragments or
lectins. The indicator zones preferably comprise in each case
a binding element against an analyte to be investigated. The
indicator zones may be in the shape of spots, lines and/or
wedges. Preference is given to the line-shaped design in the
direction of flow. The minor cell population is preferably
detected by a wedge-shaped design of the indicator zone,
which enables superior recognizability.

[0089] According to a further preferred embodiment, the
method is carried out for determining an analyte which is
present at a low concentration on cells, preferably the blood
group DEL, and the indicator zone preferably contains an
antibody or an antibody mixture.

[0090] The method according to the invention may further
comprise prior to step a), preparing an erythrocyte sediment
by centrifuging the blood sample; incubating the sediment
with a bromelain, papain or ficin solution and resuspending
the enzyme-treated sediment (as described, for example, in
AABB Technical Manual, 14th edition, 2003, 693 ff.). The
incubation is carried out over a period of from 5 to 60 minutes.
The enzymes to be used are commonly commercially avail-
able.

[0091] An advantage of enzymatic pretreatment is a stron-
ger exposition of the D antigens to the erythrocytes and there-
fore a higher sensitivity of the determination.

[0092] In the method of the invention (variant incubation
methods), preference is given to applying in step a) approxi-
mately from 100 pl to 500 pl of blood sample or resuspended
erythrocyte sediment. This markedly exceeds the amount of
particles and volume normally applied to lateral flow devices.
[0093] Inthe method ofthe invention, preference is given to
applying in step b) approximately from 100 pl to 200 pl of
diluent. The enlarged total volume ofliquid results in a slower
flow, leading to a quasi-incubation of the analyte with the
indicator zone.

[0094] If the indicator zone contains an anti-D antibody,
then the latter is preferably selected from RUM-1, LDM-3,
ESDI1IM, TH-28, MS-201, MS-26 and LDM-1, as are com-
mercially available from Millipore or Alba Bioscience. It is
also possible, however, to use antibody mixtures or else affin-
ity-purified polyclonal antisera.

Two-Indicator Zone Method and Device

[0095] The above explanations regarding the incubation
method also apply to the two-indicator zone method, unless
defined differently below.

[0096] Inapreferred embodiment, the methodis carried out
for determining the hematocrit value, wherein the indicator
zone preferably contains an antibody or an antibody mixture
and the overall pattern in which the erythrocytes are bound to
the indicator zones is determined in step d).

[0097] In a further preferred embodiment of the method,
the device contains at least two indicator zones arranged in a
single flow track, and wherein the indicator zones contain
identical binding elements against the same cellularly bound
analyte.

[0098] This embodiment of the invention contains more
than one such series of indicator zones. The indicator zones
may be in the shape of spots, lines and/or wedges. Preference
is given to the line-shaped design in the direction of flow.
Advantageously, the minor cell population is detected by a
wedge-shaped design of the indicator zone, which enables
superior recognizability. The two-indicator zone method
enables the minor cell population to be depicted in addition to
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the major cell population, with a proximal location, with
respect to the feeding zone, of the indicator zone which is
directed against the minor cell population. Particular prefer-
ence is given to an arrangement in which the in each case
proximal indicator zone of the two indicator zones in a single
flow track is applied as a line in the direction of flow and the
in each case distal indicator zone is applied as a spot.

[0099] In a preferred embodiment, at least two flow tracks
containing in each case at least two indicator zones filled with
different binding elements are located on the membrane.
[0100] In a further preferred embodiment of the method,
the device has at least two flow tracks containing at least two
indicator zones, and the concentration of the binding element
increases or decreases from proximal to distal, in relation to
the feeding zone. This enables the amount of erythrocytes
present in the sample to be assessed quantitatively in relation
to the total volume and thereby the hematocrit to be deter-
mined approximately.

[0101] Preferenceis furthermore given to the device having
at least two flow tracks containing at least two indicator
zones, and the concentration of the antibody spots in a first
flow track differs from the concentration in a second flow
track.

[0102] According to a further preferred embodiment, the
method of the invention is carried out for determining in
parallel cellularly bound analytes in mixed-field reactions or
for detecting a homologous transfusion, wherein the device
here contains at least two indicator zones which are arranged
one behind the other in the direction of flow in such a way that
the sample liquid passes through more than one indicator
zone in each flow track, wherein the indicator zones contain
binding elements against different cellularly bound analytes.
[0103] Preference is given to the cellularly bound analyte
being selected from a blood group antigen such as A, B, AB,
D, C,c, E, e, Cw, K, k, Jka and/or Jkb. Particular preference
is given to the blood group antigens being determined by way
of the reaction pairs A, B; D+, D-; K, k; C, c and/or E, e.
[0104] The binding element directed against the analyte, as
defined above for the incubation method, is preferably
selected from an antibody, antibody fragment, lectin, lectin
fragment or mixtures thereof.

[0105] According to a further aspect of the present inven-
tion, a device is provided for carrying out the above-described
two-indicator zone method.

EXAMPLES
Example 1
Determination of Mixed-Field Reactions

[0106] Preparation ofthe test strips:, with serial application
of in each case 2 different antibodies:

[0107] The test strips consist of a central feeding zone, two
indicator zone areas and two absorption areas. Membranes of
the Millipore HiFlow Plus 075 type are cut into strips to a size
of 19x75 mm (width/length; y/x) for a 10-pair design and
glued onto a support layer (backing sheet, for example by
G&L). A central feeding zone is used (bidirectional flow), and
0.3 pl lines and 0.1 pl spots, respectively, of solutions of
various blood group-specific monoclonal antibodies are
applied in the indicator zone area in parallel rows on both
sides of the feeding zone, using a dispenser, for example
AD3200 (Biodot), with serial application of in each case 2
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different antibodies, one of which as a spot and the other as a
line:

[0108] Anti-A-clone Birma-1 (Millipore, TL); anti-B-
clone LB-2 (Millipore, TN); anti-D-clone LDM3 (Alba Bio-
science, Z7180100); anti-C-clone MS-24 (Millipore, FFMU,
KG); anti-c-clone MS-33 (Millipore, KN); anti-E-clones
MS-80+MS-258 (Millipore, TA); clones anti-e MS-21+MS-
63 (Millipore, FFMU, KL+KQ); anti-K-clone MS-56, (Mil-
lipore, KO); anti-k (AlbaClone, Alba Bioscience). Anti-RBC
(Rabbit IgG Fraction of anti Human RBC, Rockland, 209-
4139).

[0103] The antibodies applied as spots are positioned in
position x=22 mm (to the left of the feeding zone) or in
position x=53 mm (to the right of the feeding zone), starting
at 3.5 mm from the top side of the membrane, in each case
spaced at 3 mm along the y axis. The antibodies applied as
lines are positioned in position x=25-28 mm (to the left of the
feeding zone) or in position x=37-50 mm (to the right of the
feeding zone), starting at 3.5 mm from the top side of the
membrane, in each case spaced at 3 mm along the y axis. The
antibodies are diluted in 15 mM potassium phosphate buffer
pH 7.5, 10% (v/v) methanol, as follows: anti-A antibody 1:3,
anti-B antibody 1:2, anti-AB antibody 1:4, anti-D antibody
1:4, anti-RBC antibody 1:3. All other antibody solutions are
not prediluted but are mixed with methanol to 10% (v/v).
[0110] After dispensing the antibodies, the membranes are
dried at 40° C. for 20 min and then stored at constant humidity
until the test is performed. A 19x20 mm absorption pad
(Whatman Schleicher & Schiill, 300) overlapping the mem-
brane by 3 mm is glued on at both ends distal to the feeding
zone. The feeding zone is separated from the remaining mem-
brane over the entire width of said membrane by gluing on a
trough-shaped sealing element (closed cell rubber EPDM140
by Pitzner) in position y=32.5-37.5 mm.

Proximal (line) Distal (spot)

To the left of the feeding zone:

Anti-A — Anti-B
Anti-B — Anti-A
Anti-D — Anti-RBC
Anti-RBC — Anti-D
Anti-K — Anti-k

To the right of the feeding zone:

Anti-C — Anti-c
Anti-c = Anti-C
Anti-E — Anti-e
Anti-e — Anti-E
Anti-k — Anti-K

[0111] FIGS. 2 and 3 illustrate the design of a lateral flow
device suitable for detecting a mixed-field reaction. Suitable
dimensions can be found in FIG. 3, but these should be
understood by way of example.

Whole Blood Test Mix:

[0112] 50l of anticoagulated whole blood or freshly taken
native blood are mixed with 200 pl of Diluent F (Medion
Diagnostics). 100 ul of the resulting suspension are applied to
the feeding zone. When the feeding zone has “run dry”, 300 pl
of Diluent F are applied.

Erythrocyte Sediment Test Mix:

[0113] 50plof erythrocyte sediment (anticoagulated whole
blood is centrifuged at 1500 rpm for 5 min; the erythrocyte
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sediment is located in the lower, red phase) are mixed with
400 pl of Diluent F. 100 pul of the resulting suspension are
applied to the feeding zone. When the feeding zone has “run
dry”, 300 pl of Diluent F are applied.

[0114] Theresult can be read after approx. 5 minutes and is
indicated by a slightly red wedge (“half moon”—minor cell
population) up to a strongly red band or a strongly red spot
(major cell population).

[0115] FIGS. 4A and 4B illustrate the detection of a mixed-
field reaction with the aid of the two-indicator zone method of
the invention. FIG. 4A here depicts the result of the exami-
nation of a blood sample with 100% A cc D. ee and 0% B CC
D. EE. FIG. 4B depicts the result of the examination of a
blood sample with 98% A cc D. ee and 2% B CC D. EE.
[0116] FIG. 4B depicts the detection of the minor cell popu-
lation in the shape of a slight wedge (half moon) over the
major cell population.

Example 2
Homologous Transfusion (Blood Doping)

[0117] The test strips were prepared in a manner similar to
example 1.
Proximal (line) Distal (spot)
Anti-D — Anti-RBC
Anti-RBC — Anti-D
Anti-K — Anti-k
Anti-k — Anti-K
Anti-C — Anti-c
Anti-¢c — Anti-C
Anti-E — Anti-e
Anti-e — Anti-E
Anti-Jka — Anti-Jkb
Anti-Jkb — Anti-Jka
Anti-Cw — Anti-RBC
Anti-RBC — Anti-Cw
Whole Blood Test Mix:
[0118] 50 plofanticoagulated whole blood or freshly taken

native blood are mixed with 200 pl of Diluent F. 100 pl of the
resulting suspension are applied to the feeding zone. When
the feeding zone has “run dry”, 300 pl of Diluent F are
applied.

Erythrocyte Sediment Test Mix:

[0119] 50wl of erythrocyte sediment are mixed with 400 pl
of Diluent F. 100 pl of the resulting suspension are applied to
the feeding zone. When the feeding zone has “rundry”, 300 ul
of Diluent F are applied.

[0120] Theresult can be read after approx. 5 minutes and is
indicated by a slightly red wedge (“half moon”—minor cell
population) up to a strongly red band or a strongly red spot
(major cell population).

Example 3

Detection of a Fetomaternal Hemorrhage (FMH)

[0121] The test strips were prepared as in example 1, with
only anti-D being applied. Preference is given to applying
individual antibodies rather than antibody mixtures. Pre-
ferred antibodies: RUM-1 (Millipore); LDM-3 (Alba Bio-
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science); or else ESDIM (Alba Bioscience); TH-28;
MS-201; MS-26 (Millipore); LDM-1 (Alba Bioscience).

Test Mix a):

[0122] 400 pl of anticoagulated whole blood or freshly
taken native blood are mixed with 100 pul of Diluent F. 300 pl
of the resulting suspension are applied to the feeding zone.
When the feeding zone has “run dry”, 400 pl of Diluent F are
applied.

[0123] The result can be read after approx. 20 minutes and
is indicated by a slightly red wedge (minor cell population) up
to a strongly red band (major cell population).

Test Mix b): Similar to a), but Blood is Pretreated with Bro-
melase

[0124] 3 ml of anticoagulated whole blood or freshly taken
native blood are centrifuged at 1500 rpm for 3 min. Thereaf-
ter, 600 pul of the cell sediment are transferred to a second
vessel and mixed therein with 600 pl of a commercial brome-
lain solution (e.g. Bromelase from Medion Diagnostics) and
incubated at 37° C. for 15 min. This is followed by washing 3
times with 0.9% NaCl.

[0125] For the actual assay, 100 pl of the erythrocyte sedi-
ment bromelised and washed in this way are mixed with 200
ul of AB-Plasma and 200 pl of Diluent F (Medion Diagnos-
tics). 300 pl of the resulting suspension are applied to the
feeding zone. When the feeding zone has “run dry”, 450 ul of
Diluent F are applied.

[0126] The result can be read after approx. 15 minutes and
is indicated by a slightly red wedge (minor cell population) up
to a strongly red band (major cell population).

Example 4

Detection of an Erythrocytic Feature Present at an
Extremely Low Antigen Density: DEL

[0127] The test strips were prepared as in example 3. Pref-
erence is given to applying individual antibodies rather than
mixtures. Preferred antibodies: RUM-1 (Millipore); LDM-3
(Alba Bioscience).

Test Mix a):

[0128] 400 pl of anticoagulated whole blood or freshly
taken native blood are mixed with 100 pul of Diluent F. 300 pl
of the resulting suspension are applied to the feeding zone.
When the feeding zone has “run dry”, 400 ul of Diluent F are
applied.

[0129] The result can be read after approx. 20 minutes and
is indicated by a slightly red wedge (minor cell population) up
to a strongly red band (major cell population).

Test Mix b): Similar to a), but Blood is Pretreated with Bro-
melase

[0130] 3 ml of anticoagulated whole blood or freshly taken
native blood are centrifuged at 1500 rpm for 3 min. Thereaf-
ter, 600 pl of the cell sediment are transferred to a second
vessel and mixed therein with 600 pl of a commercial brome-
lain solution (e.g. Bromelase from Medion Diagnostics) and
incubated at 37° C. for 15 min. This is followed by washing 3
times with 0.9% NaCl.

[0131] For the actual assay, 100 pl of the erythrocyte sedi-
ment bromelised and washed in this way are mixed with 200
ul of AB-Plasma and 200 pl of Diluent F (Medion Diagnos-
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tics). 300 pl of the resulting suspension are applied to the
feeding zone. When the feeding zone has “run dry”, 450 ul of
Diluent F are applied.

[0132] The result can be read after approx. 15 minutes and
is indicated by a slightly red wedge (minor cell population) up
to a strongly red band (major cell population).

Example 5
Hematocrit

[0133] The test strips were prepared as in example 1, with
serial application of in each case at least 2 (preferably 5)
aliquots of the same antibody (anti-RBC). Variant 1: the anti-
body concentrations decrease from proximal to distal: variant
2: there are a plurality of flow tracks with in each case 2 (5)
antibody spots, the antibody concentration decreasing from
flow track to flow track; variant 3: combination of variant 1
and variant 2; variant 4: the proximal antibody application is
a line, followed by a plurality of spots:

Application Example of Variant 2:

[0134]
Flow track 1 anti-RBC anti-RBC anti-RBC anti-RBC anti-
RBC (c = “1.07)
Flow track 1: anti-RBC anti-RBC anti-RBC anti-RBC anti-
RBC (c = “0.8”)
Flow track 1: anti-RBC anti-RBC anti-RBC anti-RBC anti-
RBC (c = “0.67)
Flow track 1: anti-RBC anti-RBC anti-RBC anti-RBC anti-
RBC (c = “0.47)
Flow track 1: anti-RBC anti-RBC anti-RBC anti-RBC anti-
RBC (¢ = “0.2”)
Whole Blood Test Mix:
[0135] 50 pl of anticoagulated whole blood or freshly taken

native blood are mixed with 200 pl of Diluent F. 100 pl of the
resulting suspension are applied to the feeding zone. When
the feeding zone has “run dry”, 300 pl of Diluent F are
applied.
[0136]

FIG. 5).

The result can be read after approx. 5 minutes (cf.

Erythrocyte Sediment Test Mix:

[0137] 50wl of erythrocyte sediment are mixed with 400 pl
of Diluent F. 100 pul of the resulting suspension are applied to
the feeding zone. When the feeding zone has “rundry”, 300 ul
of Diluent F are applied.

[0138] The result can be read after approx. 5 minutes (cf.
FIG. 5).

1-31. (canceled)

32. A method for determining one or more cellularly bound
analytes in a liquid sample, said method being carried out
using a device comprising:

at least one feeding zone (5) for applying the liquid sample,

aporous membrane (2) that is suitable for being penetrated

by cellular components and that includes at least one
indicator zone on the membrane, which indicator zone
can interact with the cellularly bound analyte and con-
tains at least one binding element against the cellularly
bound analyte, and
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at least one absorption area (3) on the membrane, which
absorbs the liquid after the latter has passed the indicator
zones,
wherein the at least one indicator zone is located between the
feeding zone (5) and the absorption area (3), and wherein the
method is carried out for concentrating and for quantifying
the minor cell population in heterogeneous cell populations,
for example in cases of fetomaternal hemorrhage or in chi-
meras, for detecting an analyte which is present at a low
concentration on cells, for determining the hematocrit value
and/or for determining in parallel cellularly bound analytes in
mixed-field reactions.

33. The method as claimed in claim 32, which comprises
the steps of:

a) applying a sample containing cells to the feeding zone;

b) applying a diluent;

¢) performing the assay; and

d) evaluating the assay by determining whether cells are

bound to the indicator zone.

34. The method as claimed in claim 33, which is carried out
for determining fetomaternal hemorrhage (FMH), wherein
the sample contains erythrocytes, wherein the indicator zone
preferably contains an antibody or an antibody mixture.

35. The method as claimed in claim 33, which is carried out
for determining an analyte which is present at a low concen-
tration on cells, preferably the blood group Dweak, in par-
ticular DEL, and wherein the indicator zone preferably con-
tains an antibody or an antibody mixture.

36. The method of claim 32, which further comprises, prior
to step a), preparing an erythrocyte sediment by centrifuging
the blood sample; incubating the sediment with a bromelain,
papain or ficin solution and resuspending the enzyme-treated
sediment.

37. The method of claim 33, wherein approximately from
100 pl to 500 pl of blood sample or resuspended erythrocyte
sediment are applied in step a).

38. The method of claim 33, wherein approximately from
100 pl to 200 pl of diluent are applied in step b).

39. The method of claim 33, wherein the anti-D antibody is
selected from RUM-1, LDM-3, ESD1M, TH-28, MS-201,
MS-26 and LDM-1.

40. The method of claim 33, wherein the device contains at
least two indicator zones which are arranged one behind the
other in the direction of flow in such a way that the sample
liquid passes through more than one indicator zone in each
flow track, wherein the indicator zones contain binding ele-
ments against cellularly bound analytes, and the method com-
prises:

a) applying a blood sample containing erythrocytes to the

feeding zone;

b) applying a diluent to the feeding zone;

¢) performing the assay;

d) evaluating the assay by determining whether erythro-

cytes are bound to the indicator zone(s),
wherein the method is carried out for determining in parallel
cellularly bound analytes in cases of fetomaternal hemor-
rhage (FMH), for determination in mixed-field reactions, for
detecting a homologous transfusion or for determining the
hematocrit value.

41. The method of claim 40, which is carried out for deter-
mining the hematocrit value, wherein the indicator zone pref-
erably contains an antibody or an antibody mixture and
wherein the overall pattern in which the erythrocytes are
bound to the indicator zones is determined in step d).
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42. The method of claim 41, wherein the device contains at
least two indicator zones arranged in a single flow track, and
wherein the indicator zones contain identical binding ele-
ments against the same cellularly bound analyte.

43. The method of claim 41, wherein the device has at least
two flow tracks containing at least two indicator zones, and
the concentration of the binding element increases or
decreases from proximal to distal, in relation to the feeding
zone.

44. The method of claim 41, wherein the device has at least
two flow tracks containing at least two indicator zones, and
the concentration of the antibody in a first flow track differs
from the concentration in a second flow track.

45. The method of claim 40, which is carried out for deter-
mining in parallel cellularly bound analytes in mixed-field
reactions or for detecting a homologous transfusion, wherein
the device contains at least two indicator zones which are
arranged one behind the other in the direction of flow in such
a way that the sample liquid passes through more than one
indicator zone in each flow track, wherein the indicator zones
contain binding elements against different cellularly bound
analytes.

46. The method of claim 32, wherein the cellularly bound
analyte is selected from a blood group antigen such as A, B,
AB,D,C,c,E, e, Cw, K, k, Jka and/or Jkb.

47. The method as claimed in claim 46, wherein the blood
group antigens are determined by way of the reaction pairs A,
B; D+, D-; K, k; C, cand/or E, e.

48. The method as claimed in claim 32, wherein the bind-
ing element directed against the analyte is selected from an
antibody, antibody fragment, lectin, lectin fragment or mix-
tures thereof.

49. The method as claimed in claim 32, wherein the mem-
brane or the membranes (2) preferably consist of polyethyl-
ene, nitrocellulose or nylon.
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50. The method as claimed in claim 32, wherein at least one
sealing element (4) is arranged downstream of the feeding
zone (5) and upstream of'the indicator zones on the membrane
).
51. The method as claimed in claim 32, wherein the com-
ponents of the device are applied to a support layer (1) for
mechanical reinforcement.

52. The method as claimed in claim 32, wherein the com-
ponents of the device are integrated in a housing.

53. A device for directly determining cellularly bound ana-
lytes in a liquid sample, comprising

a feeding zone (5) for applying the liquid sample,

a porous membrane that is suitable for being penetrated by
cellular components and includes at least two indicator
zones on the membrane, which indicator zones can inter-
act with the cellularly bound analyte(s), and which con-
tain binding elements against cellularly bound analytes,
and

at least one absorption area (3) which absorbs the liquid
after the latter has passed the indicator zones,

wherein the indicator zones are located between the feeding
zone (5) and the absorption area (3), wherein the at least two
indicator zones are arranged one behind the other in the
direction of flow in such a way that the sample liquid passes
through more than one indicator zone in each flow track.

54. The device as claimed in claim 53, wherein the cellu-
larly bound analyte is selected from a blood group antigen
such as A, B, AB, C, ¢, E, e, Cw, K, k, Jka and/or Jkb.

55. The device as claimed in claim 54, wherein the blood
group antigens are determined by way of the reaction pairs A,
B; D+, D-; K, k; C, cand/or E, e.

56. The device as claimed in claim 55, wherein the mem-
brane contains at least two flow tracks containing in each case
at least two indicator zones filled with different binding ele-
ments.

57. The device as claimed in any of claims 54, wherein the
indicator zones are in the shape of spots, lines and/or wedges.
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