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ANTIBODIES, SYSTEMS AND METHODS
FOR DETERMINING RELATIVE
HEMOLYTIC INDEX

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 61/253,774, filed on Oct. 21, 2009, which is
incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Oneofthe more serious issues in medical practice is
the compatibility of blood transfusions between patients.
Transfusion of incompatible blood can cause a hemolytic
transfusion event also known as intravascular hemolysis.
[0003] Intravascular hemolysis consists of the destruction
of red blood cells (RBCs) due to the rupture of the RBC
membrane and the liberation of the cell’s contents into the
peripheral blood circulation. Free hemoglobin is observed in
the plasma (hemoglobinemia) and urine (hemoglobinuria)
and renal function is often impaired due to red cell membrane
fragments blocking the renal tubules. If not treated quickly,
this blockage can lead to the loss of renal function and death.
[0004] Hemolysis is triggered by activation of the immune
system following a transfusion due to the presence of anti-
bodies in the patient’s blood that promote the attack of the
transfused RBCs. In most blood-typing systems, individuals
within a group do not carry the antibody for which the group
is named. Accordingly, these patients should be able to
receive blood from similarly typed individuals without trig-
gering hemolysis. In some situations, however, individuals
within a group can develop the antibodies that they are
believed to lack. Such antibody development can occur fol-
lowing a previous blood transfusion, multiple pregnancies,
certain infections or by natural exposure to proteins that are
homologous to human blood group antigens. For example,
studies have shown that approximately 1-2% of all transfused
patients produce a specific alloantibody to a blood group
antigen. These figures are much higher among multiply trans-
fused patients, such as sickle cell anemia or leukemia
patients, that develop an array of antibodies making the deter-
mination of blood transfusion compatibility much more dif-
ficult.

[0005] Every sensitized person who has produced an anti-
body that is considered to be clinically significant must
receive crossmatch-compatible blood. Cross-match compat-
ibility is determined by mixing donor blood with the serum or
plasma of the recipient and observing whether hemaggluti-
nation or hemolysis occurs. If either occurs, the blood is not
transfused because of the possibility of causing a significant
hemolytic event. Donor blood that is transfused must also be
compatible with the recipient, and ideally shown to be antigen
negative by testing with specific antisera. Thus, two tests are
performed to increase the safety of the pending blood trans-
fusion.

[0006] Presently available serologic tests can only identify
the presence of RBC-specific antibodies in human sera. These
assays cannot predict the probability of antibody-mediated
hemolysis occurring during transfusion with any degree of
certainty because they are not biologic assays.

[0007] The risk of a patient having a hemolytic event fol-
lowing transfusion is also evaluated partially based on his-
torical data of that antibody specificity and what type of
reaction it has been documented to cause. In very complex
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cases, a physician may have to weigh the consequences of
transfusing incompatible blood with the survival of the recipi-
ent. Accordingly, improvement in blood compatibility testing
is needed.

SUMMARY OF THE INVENTION

[0008] The disclosure provides new monoclonal antibod-
ies, systems and methods to predict the likelihood of a
hemolytic event following a blood transfusion. The described
systems and methods are useful to determine the Relative
Hemolytic Index (“RHI”). The disclosed systems and meth-
ods provide for a much more rapid, efficient and less expen-
sive method for evaluation of the risk of intravascular
hemolysis.

[0009] In one embodiment, A method of determining the
risk of post-transfusion hemolysis in a blood transfusion
recipient comprising the steps of: obtaining a sample of
plasma or serum from a patient in need of a blood transfusion;
determining the total immunoglobulin concentration in the
plasma or serum or absorbed eluate of the sample; determin-
ing the antibody isotype of the immunoglobulins in the
plasma or serum or absorbed eluate of the sample; determin-
ing the Fc gamma receptor affinity of the immunoglobulins in
the plasma or serum or absorbed eluate of the sample; deter-
mining the Clq binding of the immunoglobulins in the
plasma sample or serum or absorbed eluate of the sample; and
calculating a relative hemolytic index and therefore the risk of
post-transfusion hemolysis for said patient.

[0010] In certain embodiments, an RHI range of 30 or
higher indicates a high (or significant) risk of intravascular
hemolysis. In other embodiments, an RHI range of 15 to 30,
or 15 or below indicates a moderate or low significant risk of
intravascular hemolysis, respectively.

BRIEF DESCRIPTION OF FIGURES

[0011] FIG. 1 depicts the complement activation pathway.
[0012] FIG. 2 depicts the carbohydrate sequence linked to
Asn297 of human IgG1-Fe.

[0013] FIGS. 3A-C depicts the results Cytometric Bead
assay assessment of Fc gamma receptor (FcyR) affinity of
HIMA-39 for FCRI (A), FCRIIa (B), and FCRIIIa (C).
[0014] FIG. 4AC depicts the results Cytometric Bead assay
assessment of Fc gamma receptor (FeyR) affinity of HIMA-
35 for FCRI (A), FCRIla (B), and FCRIIIa (C).

[0015] FIG. 5 is a flow chart of steps to establish a RHI
score in accordance with an embodiment disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The disclosure provides improved methods for
determining the likelihood of intravascular hemolysis (i.e.,
the likelihood of RBC survival) following a blood transfu-
sion. The disclosed methods are highly accurate as well as
time and cost efficient.

[0017] The plasma molecules that promote hemolysis are
referred to as immunoglobulins (Ig) or antibodies. Immuno-
globulins are principally responsible for the detection and
elimination of foreign antigens whether they are bacteria,
toxins, proteins, carbohydrates or transfused cells. Once the
immune system has responded to a particular antigen, any
additional exposure to the same antigen causes a rapid sec-
ondary, or anamnestic response, resulting in a much higher
titer of Igs in the serum.
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[0018] Human Igs are classified into the following iso-
types: IgG1, 1gG2, 1gG3, IgG4, IgA, secretory IgA, IgM, IgE
and IgD. Immunoglobulin G (IgG) is by far the most prevalent
serum antibody in normal human samples accounting for
approximately 75% of the total mean serum Ig concentration.

[0019] The basic structure of the Ig molecule is two light
chains, either d (kappa) or A (lambda), linked by disulfide
bonds to two heavy chains of either of the 5 immunoglobulin
classes (IgA, IgD, IgE, IgG and IgM) in the configuration of
amonomer, dimer, trimer, quadrimer or pentamer. Each class
differs in serum concentration, molecular weight, serum half
life, ability to bind complement (a set of plasma proteins that
act together to attack extracellular pathogens), active placen-
tal transfer, and binding properties to various proteins.

[0020] Certain Ig characteristics are known to increase the
risk ofhemolysis following transfusion. These characteristics
include total g concentration, Ig isotype, and ability to bind
Clq to activate complement and/or Fc gamma receptor
(FeyR) affinity.

[0021] The classical pathway of complement activation
(FIG. 1) starts with C1, a complex of serine proteases Clrand
Cls (two each), and six larger C1q glycoproteins. Activation
occurs by the binding of Clq to the Fc binding domains of
1gG or IgM after they become attached to a target antigen. At
least two of the N-terminal portions of C1q must be bound for
C1 activation. It is the CH2 domain of the Fc receptor which
is required for Clq binding. Three amino acid residues,
Glu318, Lys320 and Lys322, have been found to be con-
served in human IgG and in Igs from several other species,
thus they have been designated as the Clq binding motif.
However, further differences exist between the isotype core
binding sites. The possibility exists, therefore, that these dif-
ferences can determine the potential of an antibody, whether
an alloantibody or an autoantibody, to cause decreased like-
lihood of transfused red cell survival or in vivo hemolysis.

[0022] The foregoing suggests that Igs efficient at binding
C1q can more readily activate complement. It is known that
IgM antibodies activate complement more efficiently than
1gG antibodies. While isotypes IgG1, IgG2 and IgG3 can
activate complement to varying degrees, I[gG4 and IgA do not
and thus are less likely to cause hemolysis.

[0023] Immunoglobulins binding FeyRs are also involved
in the occurrence of hemolysis. Human FeyRs are expressed
on the surface of immune cells (monocytes, macrophages,
neutrophils, dendritic cells, NK cells, etc.). Each FcyR has
different extracellular and intracellular domains, complicated
by some having polymorphic extracellular domains. This
includes high and low affinity members, all of which can bind
to IgG immune complexes, but only high affinity receptors
can bind to monomeric IgG. In humans, there is one high
affinity receptor, FcyRI (CD64), and there are two families
(FeyRIT and FeyRIIT) of low affinity IgG receptors compris-
ing FeyRIla (CD32a), FeyRIIb (CD32b), FeyRIle (CD32¢),
FeyRIMla (CD16a) and FeyRIIIb (CD16b). The term CD
refers to cluster of differentiation or designation and refers to
a specific antigen on a cell surface. FcRI, FcRIIa, FcRIIc and
FcRlIlla are activating receptors. FeRIIb is an inhibitory
receptor, and FcRIIIb is a GPI-linked receptor of uncertain
function. FeyRT has three extracellular immunoglobulin (Ig)-
like domains, one more domain than members of the FeyRII
and FeyRIIT families, thereby allowing direct activation by
the binding of a monomeric antibody, rather than a complexed
dimeric antibody such as with FeyRIT and FeyRIII. FeyR
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binding initiates immune responses such as cytokine produc-
tion, phagocytosis and serotonin release.

[0024] The glycosylation of the IgG antibody maintains the
structure needed for Clq binding and FeyR affinity. It is
thought that de-glycosylated IgG antibodies are unable to
regulate in vivo activated inflammatory responses. Altered
1gG glycosylation has been found in many auto-immune dis-
eases such as rheumatoid arthritis and autoimmune thromb-
ocytopenia where the antibodies are primarily de-glycosy-
lated when compared to those from normal controls. The level
of glycosylation has also been shown to vary with the process
of aging and with immunization events, such as a blood
transfusion and pregnancy. Accordingly, antibody glycosyla-
tion is a factor to consider in assessing the risk of hemolysis.
[0025] The N-linked glycan at Asn297 of the Fc receptor is
alternatively glycosylated with fucose, galactose and termi-
nal sialic acid at different time points. FIG. 3 depicts the
carbohydrate sequence linked to Asn297 of human IgG1-Fc.
The effects of alternative glycosylation can be determined by
treating antibodies with PNGase F which cleaves between the
innermost GlcNAc residue and the Asp297 residues of high
mannose and complex oligosaccharides from the N-linked
glycoproteins. Alternatively, treatment with neuraminidase
can selectively hydrolyze a-(2->3), a-(2->6), a.-(2->8) and/
or 0.-(2-9) linked NeuAc residues from complex oligosaccha-
rides, depending on the source of the terminal residues. De-
glycosylated and de-sialylated antibodies can then be tested
for altered binding activity to C1q and FcyRs.

[0026] The currently disclosed Relative Hemolytic Index
(RHI) assay utilizes all of these factors in predicting the risk
of hemolysis. Particularly, the RHI assay evaluates total IgG
immunoglobulin concentration (or titer) and IgG/A/M iso-
type, the Clq complement binding capacity, and the FeyR
affinity. By offering these tests in a multiplex assay, the RHI
methods described herein can provide much needed labora-
tory data to predict a particular patient’s RHI—that is, the
likelihood for any particular patient antibody to cause a severe
transfusion reaction, that is, decreased survival of transfused
red cells and in vivo hemolysis. The described RHI methods
also offer the following advantages: ability to use sample size
as small as about 200 pL; ability to use hemolyzed samples;
ability to use whole blood, serum or plasma on RBC elutions
of each antibody: insensitivity to sample age; speed (i.e.
several hours vs. several days); cost effectiveness; multiplex
format; and accuracy.

[0027] Initially, two murine monoclonal antibodies,
MIMA-211 and MIMA-212, which cause hemolysis by
hemagglutination in the presence of fresh complement in
vitro were produced. MIMA-211 and MIMA-212 both rec-
ognize determinants common to glycophorin A (GPA) and
glycophorin B (GPB), which are prominently expressed on
human RBCs. Because these antibodies caused hemolysis in
vitro, they were used to standardize the described RHI testing
methods to assess human antibodies.

[0028] Samples submitted for RHI evaluation can be
serum, plasma, or an eluate, which is an absorbed and purified
preparation of the antibody. MIMA-211 and MIMA-212
cause hemolysis by hemagglutination in vitro when fresh
complement is added to the tests. In order to document that
the elution procedure does not alter the glycosylation of an
antibody, we prepared eluates of both MIMA-211 and
MIMA-212 and tested them by hemagglutination with
complement added. The eluates from both MIMA-211 and
MIMA-212 caused in vitro hemolysis when fresh comple-
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ment was present in the assay system, thus confirming that the
elution process does not alter the glycosylation of the anti-
body.

[0029] Control antibodies MIMA-211 and MIMA-212
were then assayed in the Monocyte Monolayer Assay
(MMA). The assay is generally performed as follows: mono-
nuclear cells are washed in phosphate buffered saline, sus-
pended in standard culture media containing 5% fetal calf
serum, and added to tissue culture chamber slides. After 1
hour incubation at 37° C., the supernatant containing non-
adherent cells is removed by pipette, then sensitized RBCs
plus antigen positive or negative RBCs are added to the cham-
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(1% Tween-20 in PBS pH 7.3, Sigma) and 100 ul antibody
added and incubated for 1 hour RT. After 3 washings, 100 pl
HRP-conjugated anti-IgG was added and the plate again
incubated for 1 hour. After 3 final washings, the color was
developed by the addition of 50 il TMB substrate with H,0,
and allowed to develop for 10 minutes. The reaction was then
stopped by the addition of 50 ul 1N H,SO,, and the plate OD
read at 450 nm. The results are shown below in Table 1 (total
Ig Concentration, IgG/M TIsotype and Clq Binding
(IAT=Indirect Antiglobulin Test-the strength of hemaggluti-
nation scored from negative or 0 to a maximum positive of
12)).

TABLE 1
Sample #
1 2 3 4 5 6 7 8 9 10
IAT score 12 10 11 11 10 11 11 9 7 10
Total IgG  ng/ml 6667 1313 610 2668 100 7116 1287 1853 2368 1701
IgG1 2031 310 398 1888 15 2771 221 893 763 398
1gG2 2266 0 0 0 66 0 111 0 118 87
1gG3 1026 53 50 235 41 608 144 179 467 46
IgG4 27 0 0 0 2 0 11 0 0 0
IgM 0 0 0 0 0 0 0 0 0 0
Total Sum 5350 363 448 2123 124 3379 487 1072 1348 531
Clq Binding
Elisa Assay POS Neg Neg POS Neg Neg Neg POS POS Neg
Blank .083 7319 1273 1377 L6871 1393 1397 1289 5402 6778 1199
1377 7502 .2998 2261 7779 1684 1954 1476 6227 6754 .1423

bers with or without fresh normal sera as a source of comple-
ment. After 1 hour incubation at 37° C., the non-adherent
RBCs are removed and the slides washed in PBS. The slides
are then stained with Wright-Giemsa stain and observed
microscopically for RBC adherence or engulfiment. A cutoff
of 5% monocyte reactivity, based upon the reactivity of
unsensitized RBCs distinguishes between a positive and a
negative assay.

[0030] The control murine antibodies produced significant
MMA results of 12.3% and 23.3% with MIMA-211 and
MIMA-212 respectively. The eluate results were 3.7% and
42% from MIMA-211 and MIMA-212 binding columns,
respectively.

[0031] The Cytometric Bead Assay (CBA, BD Bio-
Sciences, Franklin Lakes, N.J.) is a flow cytometry analysis
system which utilizes color-coded 7.5 pm polystyrene beads
that can be covalently linked to water soluble proteins. Once
functionalized, they actas a capture antigen for determination
of the Total Ig in a serum sample as well as perform the IgG
and IgM isotype in a single multiplex assay system. The
advantage of using this method vs. ELISA, or other assays
such as nephelometry, is that along with a very small sample
size, it is also very sensitive, and much more rapid, only
requiring approximately 4 hours for a complete sample analy-
sis.

[0032] For Clq binding, ELISA plates (BD Falcon, Fran-
Kklin Lakes, N.J.) were first coated with 10 ng purified Clq
protein (Sigma, St. Louis, Mo.) and left overnight at 4° C.
After blocking (SuperBlock, Pierce, Rockford Il1.) for two
hours at room temperature (RT), the plates were washed twice

[0033] The Total Sum of the isotypes (IgG1+gG2+1gG3+
1g(G4) should be roughly equal to the Total IgG concentration.
Without wishing to be bound by any particular theory, a
possible reason that it is not in some of the results in Table 1
may be due to the fact that eluate samples were tested and this
tends to concentrate the antibody in solution.

[0034] The results of the Total IgG and the isotype testing
were compared to the results from the C1q binding by ELISA
(Table 1). As can be seen in samples 1, 4, 8 and 9, these
samples had higher IgG concentrations. These high IgG1
levels indicate samples more likely to contain hemolytic anti-
bodies. Samples with a generally lower Total IgG concentra-
tion did not produce a very strong signal for Clq binding.
[0035] Determination of FcyR binding affinity was accom-
plished using the Cytometric Bead Assay. For this testing,
polystyrene beads were functionalized by covalently binding
synthetic proteins corresponding to FcyRI (CD64), FeyRIla
(CD32), and FeyRIIla (CD16). Confirmation of this conjuga-
tion was performed using murine anti-FeyR monoclonal anti-
bodies. Ifthe signal for the test sample was 500 MF1 or greater
than the signal for the negative control sample then the con-
Jugation was successful. Through this process, it has been
demonstrated that coating the beads with soluble protein is
achievable.

[0036] Testing was conducted with the functionalized
beads for FeyRI, FeyRITa and FeyRII1a to determine the affin-
ity of our control monoclonal anti-Ds, HIMA-39 and HIMA-
35 (see FIGS. 3A-C and 4A-C, respectively).

[0037] The described tests have been performed on many
different types of antibodies and the same end result is nearly
universally achieved. Although not necessary., a useful
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method of evaluating the effect of de-glycosylation or de-
sialylation on antibody structure and function was deter-
mined and is provided herein as well. To examine the effect of
de-glycosylation and/or de-sialylation of antibodies, anti-
body specimens were analyzed after being treated for 1 hour
at 37° C. with 500 units of Peptide:N-Glycosidase F (PN-
GaseF) purified from Flavobacterium meningosepticum
(New England BioLabs). Alternately, they were treated for 1
hour at 37° C. with 700 units of a.-2,3/0.-2,6 neuraminidase
from Clostridium perfringes (Sigma Chemicals, St. Louis,
Mo.). The monomeric composition of the de-glycosylated
and de-sialylated preparations was confirmed by, in a non-
limiting example, SDS-PAGE.

[0038] By removing the glycans attached to the F¢ portion
of the antibodies selected for assay, their activity in moderat-
ing the inflammatory response was assessed. Treatment with
PNGase F, an amidase, specifically cleaves residues of man-
nose, hybrid and complex oligosaccharides from the N-linked
glycoprotein. Treatment with neuraminidase (Sialydase)
selectively de-sialylates the core structure of antibodies.
Thus, these enzymes alter the structure of the antibody,
changing its binding affinity.

[0039] HIMA-35 and HIMA-39 were subjected to the tests
included in the RHI. The total Ig Concentration was deter-
mined along with the isotype, C1q binding and FcyR affinity.
The antibodies were also subjected to MMA to compare with
results obtained with the RHI. Results are shown in Tables 2
and 3.

TABLE 2-continued
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HIMA-39 Test Result Score
FeyRI High 10
FeyRIla High 2
FeyRIlTa High 5
Total RHI 47
Interpretation Significant
% MMA 36%
TABLE 3
HIMA-33 Test Result Score
Titer 1024 10
Isotype IgG1 10
Clq Binding 0.26 2
FeyRI Moderate 10
FeyRlIla High 2
FeyRIIIa High 5
Total RHI 39
Interpretation Significant
% MMA 38.7%

[0040] FIG. 5 provides a flow chart for the determination of
the RHI as disclosed herein. In this example flow chart, if a
sample is [gG4 of low titer, did not require C1q testing and did
not have any FeyR affinity, the RHI is zero. However, if a
sample is of a high titer IgG1, it would be further evaluated,

TABLE 2 and with a high Cl1q binding and FcyRI affinity, this sample
HIMA39 Test Result Score achieved a RHI 0f40, thus it s likely to cause in vivo hemoly-
sis. Antibodies of high concentration and isotype IgG1, IgG2
Titer 1024 10 and IgG3 with a high Clq binding affinity will predict a
Isotype IgG1 10 positive MMA. FeyR affinity to receptors 1 and Illa provide
Cl1q Binding 147 10 additional evidence for in vivo antibody-mediated destruc-
tion of red cells.
TABLE 4
Human
Mab Mab Human Warm/Cold
Anti-D RHI Anti-D RHI Human RHI  Anti- RHI  Mixed  RHI
RHI Assay 7E11 Score 10D6 Score Anti-c Score D+ C Score Auto Score
Total IgG 1:1024 10 11024 10 12 0 12048 10 1:64 2
IgG Isotype Gl 10 g6l 10 Gl 10 IgGl 10 IgGl 10
IgG2 IgG2 15G2 50 IgG2 s 1gG2 0
1gG3 IgG3 1gG3 IgG3 10 1gG3 10
eG4 1G4 5G4 0 IgG4 0 IgG4 0
M IeM IeM M IgM 10
Clq Binding 0.26 2 1.47 10 0.68 10 0.54 10 0.38 2
Fc gamma I 10 I 10 I 0 I 10 I 10
Receptor Ila 2 Ila 2 Ila 2 Ila 2 IIa 2
Affinity Ila 5 JUIES 5 la 0 Tla 0 Il 0
Total RHI* 39 47 27 7 46
Interpretation Significant Significant ~ Not Significant  Significant Significant
% MMA** 30.5% 44% 0.25% 47.5% 12.2%

*RHI over 35 considered significant

**Total MMA over 5% considered significant
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[0041] The % MMA cutoff value of 5% has been shown to
indicate the probability of a significant reaction due to the
presence of antibodies to RBC antigens. The range for the
RHI is between 15 or below and over 30 or higher. Greater
than 30 is a high risk (or very significant) of reaction, while
anything below 15 is considered to be low (very insignificant)
risk of reaction. The RHI is calculated by the number of points
each sample earns in the various tests. Adding the total points
earned for Ig concentration, isotype presents (or predomi-
nant), C1q binding capacity (high or low) and affinity for each
Fc gamma receptor on immune cells (I, 1a, II1a) provides the
score for the RHI.

[0042] Inorder to practice the methods disclosed herein, all
that is required is the ability to decipher different wavelength
emissions simultaneously over a light or infrared spectrum
visible to the machine being used. Particular embodiments
disclosed herein describe the use of'a Cytometric Bead Assay
to determine the Total Immunoglobulin concentration, the
antibody isotype, and the Fc gamma receptor affinity. The set
of tests done in multiplex format (Cytometric Bead Array)
establish the Relative Hemolytic Index (RHI) for any particu-
lar antibody to cause in vivo hemolysis if transfusions were to
be done. Although Cytometric Bead Array is utilized in cer-
tainembodiments, other arrays and assays can be used and are
well within the skill of the art. Other possible platforms for
determining the RHI include the Alpha-lisa method (Perkin
Elmer, Norwalk Conn.), the Meso Scale Devices (Biacore,
Piscataway N.J.), and any quantitative elisa assay (Sigma, St.
Louis, Bio-Rad, Hercules, Calif., Pierce, Rockford I11.) once
the proper range of each test supernatant is determined.

[0043] By establishing newer methods for the study of
immunoglobulins, namely as risk assessment tool in multi-
plex format, the RHI has been developed to predict transfu-
sion-associated hemolysis. The RHI replaces the standard
bioassays which are currently used, the chemoluminescence
test, the antibody dependant cellular cytotoxicity assay
(ADCC) the monocyte monolayer assay (MMA), and Cr51
RBC survival studies. The RHI is designed to be both a cost
and time efficient tool for patient transfusion management.
This test can be offered to the clinician who is worried about
patient morbidity in the setting of incompatible blood trans-
fusions due either to allo- or auto-antibodies. Including
sample preparation, the RHI analysis can be completed
within about 4 to about 6 hours, in contrast to the existing
bioassays that require special skills, equipment and planning
often takes days or even weeks to obtain results.

[0044] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular
weight, reaction conditions, and so forth used in the specifi-
cationand claims are to be understood as being modified in all
instances by the term “about.”” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as
an attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical parameter
should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding tech-
niques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical
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value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective
testing measurements.

[0045] Theterms “a,” “an,” “the” and similar referents used
in the context of describing the invention (especially in the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. Recitation of ranges
of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling
within the range. Unless otherwise indicated herein, each
individual value is incorporated into the specification as if it
were individually recited herein. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary lan-
guage (e.g., “such as”) provided herein is intended merely to
better illuminate the invention and does not pose a limitation
on the scope of the invention otherwise claimed. No language
in the specification should be construed as indicating any
non-claimed element essential to the practice of the invention.
[0046] Groupings of alternative elements or embodiments
of the invention disclosed herein are not to be construed as
limitations. Each group member may be referred to and
claimed individually or in any combination with other mem-
bers of the group or other elements found herein. It is antici-
pated that one or more members of a group may be included
in, or deleted from, a group for reasons of convenience and/or
patentability. When any such inclusion or deletion occurs, the
specification is deemed to contain the group as modified thus
fulfilling the written description of all Markush groups used
in the appended claims.

[0047] Certainembodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Of course, variations on these
described embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereofis encompassed by the inven-
tion unless otherwise indicated herein or otherwise clearly
contradicted by context.

[0048] Specific embodiments disclosed herein may be fur-
ther limited in the claims using consisting of or consisting
essentially of language. When used in the claims, whether as
filed or added per amendment, the transition term “consisting
of” excludes any element, step, or ingredient not specified in
the claims. The transition term “consisting essentially of”
limits the scope of a claim to the specified materials or steps
and those that do not materially affect the basic and novel
characteristic(s). Embodiments of the invention so claimed
are inherently or expressly described and enabled herein.
[0049] Furthermore, numerous references have been made
to patents and printed publications throughout this specifica-
tion. Each of the above-cited references and printed publica-
tions are individually incorporated herein by reference in
their entirety.

[0050] In closing, it is to be understood that the embodi-
ments of the invention disclosed herein are illustrative of the
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principles of the present invention. Other modifications that
may be employed are within the scope of the invention. Thus,
by way of example, but not of limitation, alternative configu-
rations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention
is not limited to that precisely as shown and described.

What is claimed is:

1. A method of determining the risk of post-transfusion
hemolysis in a blood transfusion recipient comprising the
steps of:

obtaining a sample of plasma or serum from a patient in

need of a blood transfusion,

determining the total immunoglobulin concentration in the

plasma or serum or absorbed eluate of the sample;
determining the antibody isotype of the immunoglobulins
in the plasma or serum or absorbed eluate of the sample;
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determining the Fc gamma receptor affinity of the immu-
noglobulins in the plasma or serum or absorbed eluate of
the sample;

determining the C1q binding of the immunoglobulins in

the plasma sample or serum or absorbed eluate of the
sample; and

calculating a relative hemolytic index and therefore the risk

of post-transfusion hemolysis for said patient.

2. The method of claim 1 wherein the relative hemolytic
index of about 30 or higher indicates a high risk of intravas-
cular hemolysis.

3. The method of claim 1 wherein the relative hemolytic
index of about 15 to 30 indicates a moderate risk of intravas-
cular hemolysis.

4. The method of claim 1 wherein the relative hemolytic
index ofabout 15 or lower indicates a low risk of intravascular
hemolysis.
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