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Paul Duquette
O n O ur C ov er

The symbolist painter Odilon Redon created the lithograph La Chimère regarda avec effroi toutes choses, (translation, “The Chimera gazed
at all things with fear”) in 1886 as one of six in a portfolio he entitled La Nuit (translation, Night). He additionally inscribed a caption in each
work. These lithographs when assembled formed a poem:
To Old Age,
The man was alone in a night landscape,
The lost angel then opened its black wings,
The chimera gazed at all things with fear,
The priestesses were waiting,
And the searcher was engaged in an infinite search.
The classical chimera, a fire-breathing female monster, has a lion’s head, a goat’s body, and a serpent’s tail. But fascinated with science that was furiously evolving
after the publication of On the Origin of Species, Redon expanded the concept of hybrid traits into a menagerie of strange, often pitiable creatures; “My originality
consists in bringing to life, in a human way, improbable beings and making them live according to the laws of probability, by putting — as far as possible —
the logic of the visible world at the service of the invisible.” In French, chimères are dreams or reveries. Symbolism as a movement in the arts departed from
straightforward representation and appealed to metaphor and abstract relationships between what the artist depicted in a work and the psychological meaning
and spiritual reality behind it. Living through the revolutionary yet unsettling changes of the late 19th century, Redon often concerned himself with dark,
visionary subjects. An original report authored by Tavares et al. in this issue addresses the phenomenon of blood chimerism in twins.

David Moolten, MD
ii
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Sulfhydryl treatment of serum or plasma for
the reduction of IgM antibodies
L.N. Blagg

Dithiothreitol (DTT) and 2-mercaptoethanol (2-ME) are
sulfhydryl compounds that can be used to treat serum or plasma
to denature IgM antibody reactivity. By using sulfhydryl agents,
IgG and IgM antibodies can be separated, the relative amount
of IgM and IgG antibodies can be determined, and the risk of
hemolytic disease of the fetus and newborn can be assessed.
Immunohematology 2018;34:135–139.

Reagents/Supplies
Reagents
• PBS (pH 7.3–7.4)
• 0.01 M DTT or
0.2 M 2-ME
• Reagent RBCs
• Anti-IgG

Principle

• IgG antibody (optional)

An IgM molecule is a 19S pentamer in which disulfide
bonds hold the five immunoglobulin subunits together; a J chain
joins them. These intersubunit disulfide bonds and J chain are
more sensitive to reduction with sulfhydryl reagents than the
interchain (heavy and light chains) disulfide bonds that are in
both IgM and IgG molecules. Dissociating the IgM pentamer
into its single subunits helps to identify the immunoglobulin
class of an antibody and determine its potential for causing
hemolytic disease of the fetus and newborn (HDFN).1
Sulfhydryl groups, or thiols, such as dithiothreitol (DTT)
and 2-mercaptoethanol (2-ME), are carbon-based molecules
bound to a sulfur and hydrogen atom (R-SH). These thiols
can reduce disulfide bonds (R-SS-R) in proteins and can
be oxidized to form disulfide bonds ( R -SH + R -SS- R ↔
R -SS- R + R -SH).2
Reactivity of IgM antibodies can be removed through the
dissociation of the intersubunit disulfide bonds and J chains
(Fig. 1). Reactivity of IgG antibodies may be enhanced through
the reduction of disulfide bonds in the hinge region, allowing
for binding of antigen sites further apart.1
In 1957, Deutsch and Morton2 described the use
of 2-mercaptoethanol (2-ME) to dissociate human
macroglobulins, which reaggregated into different molecular
components after dialysis to remove the sulfhydryl
compound. The use of sulfhydryl-blocking agents prevented
the reaggregation.2
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• IgG-coated RBCs
• IgM antibody

• Test tubes
• Pipettes
• 37°C water bath/incubator
• Calibrated timer
• Calibrated serologic centrifuge
• Agglutination viewer
For 2-ME only:
• Wooden applicator stick (optional)
• Four to six 10-inch lengths of
cellulose dialysis tubing (optional)
• Four to six 1-liter beakers (optional)

DTT = dithiothreitol; 2-ME = 2-mercaptoethanol; PBS = phosphatebuffered saline; RBCs = red blood cells.

Use of dithiothreitol (DTT) is generally preferred over
2-ME. DTT is better at maintaining reduction of disulfide
bonds, is not oxidized by air, is a water-soluble solid, and has
a milder odor.3 DTT is a dithiol; it has two reactive sulfhydryl
groups (R-SH) rather than one, like 2-ME. Pirofsky and
Rosner4 stated that the additional sulfhydryl group allows for
better reduction of disulfide bonds. Effectiveness of DTT was
comparable to 2-ME, having identical results in 97 percent
of sera tested, and DTT required a weaker concentration.
Furthermore, the cyclic structure of the oxidized form of DTT
with its two hydroxyl groups (-OH) on the middle carbons
allow for more stability and milder odor (Figs. 2 and 3).4
Freeman et al.5 did report more effective dissociation of IgM
antibodies with 0.2 M 2-ME than with 0.01 M DTT when
comparing titration results.
Indications
Determination of the immunoglobulin class of an antibody
to a red blood cell (RBC) antigen aids in the assessment of risk
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Supplies
For DTT and 2-ME:

L.N. Blagg

Procedural Steps for Preparation
1.
2.
3.
4.
5.

Mix equal volumes of plasma/serum with 0.01 M DTT or 0.2 M
2-ME in a test tube (TEST) for patient and each control.
Mix equal volumes of plasma/serum with PBS in a test tube
(DILUTION CONTROL) for patient and each control.
For DTT: Incubate both sets of tubes at 37°C for 30–60
minutes.
For 2-ME: Incubate both sets of tubes at 37°C for 15 minutes.
For 2-ME: Optional step if testing with anti-IgG: Dialyze 2-ME–
treated plasma/serum and dilution control.
a. Add TEST to dialysis tubing (knotted at one end) and then
knot the open end for patient and each control.
b. Add DILUTION CONTROL to dialysis tubing (knotted at
one end) and then knot the open end for patient and each
control.
c. Add each dialysis tubing to its own beaker filled with PBS;
allow to dialyze overnight.
d. Remove dialysis tubing and blot dry.
e. Cut each tubing and transfer contents to a clean test
tube.

Compiled from Freedman et al.5 and Fung et al.12
DTT = dithiothreitol; 2-ME = 2-mercaptoethanol; PBS = phosphatebuffered saline.

Procedural Steps for Testing
1.
2.
3.
4.
5.
6.
7.
8.
9.

Add four drops of treated plasma/serum to one drop
appropriate reagent RBCs (TEST) for patient and each control.
Add four drops of control plasma/serum to one drop
appropriate reagent RBCs (CONTROL) for patient and each
control.
Incubate at room temperature for 30 minutes.
Centrifuge and read for agglutination.
Incubate at 37°C for 30–60 minutes.
Centrifuge and read for agglutination.
For incomplete antibodies, wash four times with saline and add
two drops anti-IgG.
Centrifuge and read for agglutination.
Add IgG-coated RBCs to negative reactions.

Titration Studies
1. Prepare master serial dilutions of TEST and DILUTION
CONTROL in PBS.
2. Add specified volume of each dilution of TEST and DILUTION
CONTROL to labeled tube.
3. Add appropriate reagent RBCs.
4. Incubate at room temperature for 30 minutes.
5. Centrifuge and read for agglutination.
6. Incubate at 37°C for 1 hour.
7.
Centrifuge and read for agglutination.
8. For incomplete antibodies, wash four times with saline, and
add two drops anti-IgG.
9. Centrifuge and read for agglutination.
10. Add IgG-coated RBCs to negative reactions.
Compiled from Pirofsky and Rosner4 and Olson et al. 9
RBCs = red blood cells; PBS = phosphate-buffered saline.
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of HDFN in pregnant women, since only IgG antibodies cross
the placenta. Some antibodies to RBC antigens, like anti-M,
have been described in case reports as being composed of IgM,
IgG, or both classes. Therefore, assessment of HDFN risk may
require determination of immunoglobulin class. For example,
Mohd Nazri et al.6 reported a severe case of recurrent fetal loss
(G10P2+7) due to anti-M. Smith and Beck7 used DTT treatment
to determine whether examples of saline-agglutinating anti-M
were IgM or IgG, and they found that 78 percent of these
anti-M retained reactivity after treatment. Selected samples
in this group were confirmed to be IgG antibodies by column
chromatography. Likewise, determining that an antibody is
solely of the IgM class can reduce the number of interventions
during pregnancy. Jain et al.8 reported that a non-hydropic
baby was born to a woman of the Bombay phenotype, whose
anti-H was nonreactive after DTT treatment.
Sulfhydryl treatment of plasma allows for the titration
of IgG antibodies when both IgM and IgG antibodies are
present.9 This scenario allows relative amounts of IgG versus
IgM antibody to be determined.10
Reesink et al.11 compared titers of untreated, neutralized,
and 2-ME–treated group O maternal sera to evaluate the
relative amount of IgM and IgG ABO antibodies and found no
difference in the titer results, concluding that the antibodies
were solely IgG. Additionally, DTT or 2-ME treatment of
plasma or serum can be used to avoid IgM antibody reactivity
that may mask the presence of an IgG antibody.
Materials
The optimal concentration of DTT for inactivation of
IgM antibodies was determined by Freedman et al.5 to be
0.01 M; greater concentrations of DTT (e.g., 0.02 M DTT)
were ineffective, since they caused the serum to gel during
incubation.
DTT may be purchased as a water-soluble solid or as a
solution. Preparation of 0.01 M DTT from the solid reagent is
performed by dissolving 0.154 g of DTT in 100 mL phosphatebuffered saline (PBS), pH 7.3.10 Preparation of the liquid DTT
reagent at a 0.2-M concentration requires a dilution by adding
2 mL of 0.2 M DTT to 38 mL PBS to obtain 0.01 M DTT.
Frozen storage (–20°C) of 0.01 M DTT prepared with
PBS is recommended to maintain reducing ability. Olson
et al.9 observed that freezing DTT caused no loss of reactivity
over several months, but refrigerated storage (4°C) resulted in
deterioration of DTT in less than 1 week. Pirofsky and Rosner4
maintained stability of 0.01 M DTT prepared with isotonic
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DTT and 2-ME treatments of serum/plasma

Fig. 1 Reduction of IgM by dithiothreitol.

Reduced form of DTT

Oxidized form of DTT

Fig. 2 Reduced and oxidized form of dithiothreitol (DTT).

Reduced form of 2-ME

Oxidized form of 2-ME

Fig. 3 Reduced and oxidized form of 2-mercaptoethanol (2-ME).

saline for up to 6 months when refrigerated or frozen, but
when using DTT prepared with PBS, the reducing ability was
lost within 14 days when refrigerated.
2-ME may be purchased in a solution. Preparation of 0.2
M 2-ME requires a dilution by adding 0.2 mL of 1 M 2-ME to
0.8 mL PBS, pH 7.4.
Preparation
DTT-Treated Plasma/Serum
In a test tube labeled “TEST,” add an equal volume of 0.01
M DTT to the plasma or serum to be evaluated. In another test
tube labeled “DILUTION CONTROL,” add an equal volume
of PBS to the plasma or serum. Mix the tubes and allow them
to incubate at 37°C for 30–60 minutes, not to exceed 2 hours.
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Control samples should be treated and tested in parallel (see
Quality Control).12
2-ME–Treated Plasma/Serum
In a test tube labeled “TEST,” add an equal volume of 0.2
M 2-ME to the plasma or serum to be evaluated. In another test
tube labeled “DILUTION CONTROL,” add an equal volume of
PBS to the plasma or serum. Mix the tubes and allow them to
incubate at 37°C for 15 minutes.5,13 An alternative method uses
0.1 M 2-ME and incubation at 37°C for 1–2 hours.4,13 Control
samples should be treated and tested in parallel.
Freedman et al.5 observed false-positive reactions when
2-ME–treated plasma was not dialyzed, but Rosner et al.14
found the validity of the test to not be affected by eliminating
the dialysis step. The dialysis procedure, if desired, consists of
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adding each sample to a segment of dialysis tubing. One end
of the dialysis tubing should be tightly secured by knotting
or tying before adding the sample. Once the sample has been
added to the dialysis tubing, the other end should be secured
by tightly knotting or tying. Each dialysis tube is suspended in
its own beaker containing a large volume of PBS and allowed to
dialyze overnight with several changes of PBS.13 After dialysis,
each dialysis tubing should be removed from the beaker and
blotted dry, and the contents should be transferred to clean
test tubes.14
Procedure
Test the DTT-treated or 2-ME–treated plasma or serum
with reagent RBCs in appropriate serologic tests. For antibody
identification panels, four drops of treated and control
plasma should be mixed with one drop of appropriate RBCs.5
Incubation for 30 minutes at room temperature and/or 30–60
minutes at 37°C may be performed depending on the initial
phase of reactivity before treatment. If the antibody was
reactive at 37°C or the antihuman globulin (AHG) phase, the
treated and control plasmas should be washed four times after
incubation at 37°C and observed for carry-over agglutination
before the addition of anti-IgG. Add two drops of anti-IgG.
Centrifuge the tubes, and read for agglutination. Add IgGcoated RBCs to all nonreactive tests.
Titration
For titrations studies, master serial saline dilutions are
prepared for both the treated plasma and dilution control as
per an in-house titration procedure. The specified volume
of each dilution is mixed with an appropriate volume of
reagent RBCs.4 Incubate all tubes at room temperature (30
minutes) and/or 37°C (1 hour), centrifuge, and read for direct
agglutination. Continue through to the AHG phase of testing,
using anti-IgG after washing the RBCs four times.4,9
Quality Control
A dilution control should always be tested with DTTtreated or 2-ME–treated plasma or serum to ensure that
the reduction or removal of antibody reactivity is not due to
dilution of the antibody.12 Control samples should be treated
and tested in parallel.12,13
An IgM antibody control should be included in the DTT
or 2-ME treatment with a dilution control to ensure that the
sulfhydryl reagent is adequately reducing the disulfide bonds
and removing the IgM antibody reactivity.12 This antibody
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can be selected based on its reactivity in immediate spin tests.
An IgG antibody control should be performed if testing will
proceed to the AHG phase to demonstrate that these antibodies
remain reactive after treatment.
Antigen-negative RBCs should be included when testing
2-ME–treated plasma by indirect antiglobulin to detect falsepositive reactivity, which was described by Freedman et al.5
when 2-ME–treated plasma was not dialyzed.
Interpretation
The interpretation of the test depends on the presence and
strength of the reactivity when the controls react as expected
(Table 1). The sample may be concluded as having only IgM
class antibody present if the DTT- or 2-ME–treated plasma
or serum has no reactivity and the dilution control remains
reactive.
The sample may be interpreted as having IgG antibody or
a mixture of IgG and IgM antibodies present if both the treated
plasma or serum and the dilution control remain reactive.12,13
Titration studies may be performed to determine the relative
amount of each immunoglobulin class. If the titer of the treated
plasma or serum is the same as that of the dilution control, it
Table 1. Interpretation of titration results using DTT- or
2-ME–treated serum/plasma
Sample

Titer*

Test
(DTT or 2-ME + plasma/serum)

0

Dilution Control
(PBS + Plasma)

16

Test
(DTT or 2-ME + plasma/serum)

16

Dilution Control
(PBS + plasma/serum)

16

Test
(DTT or 2-ME + plasma/serum)

4

Dilution Control
(PBS + plasma/serum)

16

Test
(DTT or 2-ME + plasma/serum)

0

Dilution Control
(PBS + plasma/serum)

0

Interpretation

IgM

IgG

IgG + IgM

Invalid

Adapted from Fung et al.12
*The absolute titer endpoints will vary depending on the specific antibody
tested. The relationship between the titer endpoint of the treated plasma as
compared with that of the dilution control is the critical determination of the
immunoglobulin class(es) present.
DTT = dithiothreitol; 2-ME = 2-mercaptoethanol; PBS = phosphatebuffered saline.
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DTT and 2-ME treatments of serum/plasma

can be concluded that there is only IgG antibody present. If
the dilution control has a higher titer than the DTT- or 2-ME–
treated plasma or serum, it can be concluded that there is a
mixture of IgG and IgM antibodies or partial inactivation of
IgM antibodies.12,13
The test is considered invalid if the dilution control is
nonreactive, indicating that the antibody was diluted and is
too weak to show antibody reactivity.12,13 The test should also
be considered invalid if the IgM and/or IgG control antibodies
treated and tested in parallel do not give the expected results.
Limitations
Gelling of the serum or plasma may occur during
sulfhydryl treatment when the concentration of DTT or 2-ME
is too high or the test has been incubated too long.5 Gelled
samples should not be tested, since the overtreatment may
result in denaturation of all serum proteins, including IgG
antibodies.12
Sulfhydryl reagents may also weaken Kell system antigens
if the reagent is not removed by dialysis before testing, because
the structure of the Kell glycoprotein has disulfide bonds. It is
recommended that thiol-treated plasma or serum is not used
when investigating KEL blood group system antibodies, since
false-negative or lower titer results may occur.12
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Original Report

Validity and reliability of serologic
immunophenotyping of multiple blood group
systems by ORTHO Sera with fully automated
procedure
U. Salvadori, R. Melotti, D. L’Altrella, M. Daves, A. Al-Khaffaf, L. Milizia, R. Putzulu, R. Filippi, A. Carolo, G. Lippi,
and I. Gentilini

The increase of immunization against blood group antigens has
reinforced the need for automated extensive blood typing. The
aim of this study was to assess both the validity and reliability
of red blood cell (RBC) automated agglutination technology in
testing for antigens of Kidd (Jk), Duffy (Fy), and MNS (Ss) blood
systems. ORTHO Sera (Ortho Clinical Diagnostics, Raritan, NJ)
anti-Jka, anti-Jkb, Anti-Fya, anti-Fyb, anti-S, and anti-s reagents
were each tested on RBC samples previously typed. Replicates
were performed on three separate testing sessions with three
consecutive repetitions within each session, thus obtaining
486 test results. Accuracy was assessed by aggregate analysis
of sensitivity, specificity, and area under the receiver operating
characteristics curve (AUC). Reliability was estimated by a
cross-classified mixed-effect logistic model. All reagents tested
yielded optimal accuracy (100% for sensitivity and specificity,
and 1.00 for AUC), except for anti-S, for which performance
was slightly lower (98%, 100%, and 0.99, respectively), owing to
misclassification of one sample in a single replicate. Anomalous
automated measurements were recorded in 38 of 486 tests (7.8%),
which then needed additional manual interpretation. Different
sessions and samples were the major contributors to measurement
failures (38% and 18%, separately). Order of repetitions and
antigen specificity across replicates did not contribute to the
risk of failures, although weak evidence of enhanced risk (p <
0.10) was observed with Jk testing. Automated RBC typing with
ORTHO Sera reagents against antigens in the Kidd, Duffy, and
MNS blood group systems displayed nearly 100 percent accuracy.
However, a sizable number of replicates needed additional ad
hoc interpretation, thus suggesting that the reliability could still
be improved. Automated agglutination technology represents
a viable option for phenotyping large volumes of samples.
Immunohematology 2018;34:140–147.

Key Words: validation studies, blood group antigens,
automation, agglutination tests, cross-classified mixed-effect
models.
Allogeneic red blood cell (RBC) transfusions remain
an essential part of supportive treatment in patients with
hemoglobinopathies,1 but they expose these patients to the risk
of developing antibodies against foreign RBC antigens. The
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development of alloantibodies against RBCs may complicate
transfusion therapy, causing hemolytic transfusion reactions,
and present a challenge for finding compatible blood and for
RBC crossmatching, thus ultimately jeopardizing transfusion
safety. The frequency of alloimmunization is variable among
patients—for example, it is apparently higher in patients with
sickle cell disease than in individuals with myelodysplastic
syndromes.2 The risk of alloimmunization increases in
parallel with the number of units transfused and is also higher
in patients with previous alloimmunization.2–4 The most
frequent RBC alloantibodies are directed towards antigens
in the Rh and Kell blood group systems.5 The standards of
the Italian Society of Immunohematology and Transfusion
Medicine require all blood donors to be typed for extended
antigens in the Rh and Kell systems,6 which is necessary for
transfusion support of patients with hemoglobinopathies.1
Although this preventive measure has certainly contributed
to lowering the risk of immunization against these antigens,
the risk of immunization against other blood group antigens
(e.g., Kidd [Jk], Duffy [Fy], and MNS [Ss]) persists.7 When
available donors who have been previously phenotyped for
these antigens are lacking, managing immunized patients
undergoing recurrent transfusions is challenging.2
Fewer than 1 in 500 white donors might be compatible
with recipients having an antibody mixture of anti-c/E,
anti-S, and anti-Jka.8 Moreover, the increasing migration of
people from Africa towards southern European countries
will contribute to an increase in the number of patients with
mixtures of specific antigen combinations. For instance, 60–
70 percent of individuals migrating from sub-Saharan African
regions do not express Fy antigens, which are instead present
in higher percentages in individuals of European origin.8
A large array of automated systems is now available for
serologic testing in transfusion services.9–11 Fully automated
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analyzers are essential components of many laboratory
systems, and their gradual implementation into the laboratory
routine has increased patient safety, enhanced standardization,
and contributed to improving the workflow and reducing
turnaround time.
ORTHO Sera (Ortho Clinical Diagnostics, Raritan, NJ)
are sera for performing extended antigen phenotyping using
the ORTHO BioVue System column agglutination technology
(CAT) and are compatible for use on the fully automated ORTHO
Analyzer (AutoVue Innova or Vision). ORTHO Sera have
been recently introduced in our local laboratory for extended
typing of blood donors. The adoption of a new technology or
method in both the clinical and laboratory settings requires
formal validation before widespread application to clinical
practice.12 Validation is the documented evidence that the
process, equipment, facilities, and entire system operates
within established parameters and can perform effectively
and reproducibly, thus generating results that meet predefined
quality specifications.12 As part of validation, qualification is
the action of verifying that personnel, equipment, or material
work properly and deliver expected results.12 In 2011, the
British Committee for Standards in Haematology Blood
Transfusion Task Force published guidelines for test validation
and staff qualification.13 More recently, the Italian National
Blood Center has published new guidelines in support of
process validation activities, entailing the collection of blood
units and related compounds in Blood Transfusion Services.14
Therefore, validation assesses both accuracy and reliability of
a method. Accuracy represents a combination of sensitivity
and specificity, which jointly provide the capability of a given
method to generate results as close as possible to their true
value. Reliability (i.e., precision) represents the ability of a
method to provide similar results under equivalent (repeatability
or intra-assay precision) or comparable (reproducibility or
inter-assay precision) experimental conditions.
Therefore, the aim of this study was to validate the use
of RBC automated CAT for testing Jk, Fy, and Ss blood group
antigens using ORTHO Sera technology on the automated
analyzer ORTHO AutoVue Innova.

identical to results previously obtained with the gold
standard method (i.e., test tube).
• Reliability: confirmation of repeatability (intra-session)
and reproducibility (inter-session).
As a secondary endpoint, we evaluated whether result
reliability may be impaired by the following:
• Test replicate (session or repetition) or sample specificity.
• Blood group system (e.g., Kidd, Duffy, MNS).
• Antigen status (i.e., double-dose or single-dose
phenotype).
We originally analyzed the technical aspects of validation
by installation qualification (IQ) and operational qualification
(OQ) of the analyzer. A performance qualification (PQ) was
planned, by testing each variable in triplicate, as recommended
by the Italian National Blood Center.14 The variables in our
qualification study were the antigen statuses of Jk, Fy, and
Ss. Therefore, three types of samples were evaluated for each
blood system:
• Single-dose status: Jk(a+b+), Fy(a+b+), and S+s+.
• Double-dose status for antigen: Jk(a+b–), Fy(a+b–), and
S+s–.
• Double-dose status for antithetical antigen: Jk(a–b+),
Fy(a–b+), and S–s+.
Because of the rare prevalence of the lack of all antigens
[Jk(a–b–), Fy(a–b–), and S–s–] in white individuals, we
excluded these antigen combinations. In each session, positive
controls (in either double-dose or single-dose state) were
tested. Saline solution was used as a negative control (i.e.,
blank) to test for possible contamination. Overall, 13 samples
(including controls) were analyzed in each session in three
ordered repetitions, over three equivalent sessions, performed
on separate days. Positive and negative samples were arranged
in an alternate sequence to limit the risk of carryover. In total,
702 tests were performed, including controls. Accuracy was
evaluated on the 486 tests obtained from blood samples. The
statistical analysis of reliability was performed on 324 tests,
after excluding samples negative for the specific antigen
(all negative samples returned negative tests), because
their inclusion could deflate the rate of anomalous findings
arbitrarily.

Materials and Methods
Validation Plan and Study Design
According to our study design, successful validation was
defined when the following endpoints could be satisfied:
• Accuracy: 100% sensitivity, specificity, and area under
the receiver operating characteristics curve (AUC)
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RBC Samples and Sera
RBC samples were obtained from leukoreduced packed
RBC units resuspended in additive solution available in
the blood bank inventory. A total of 14 units were selected
from blood donors whose phenotype had been previously
determined by test tube. Each RBC sample was used to test
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one or more blood group antigens, depending on availability of
sample units. Testing sessions were performed over 3 weeks.
All samples were tested before the expiration date of the
RBC units. Reagent RBC samples from identification panels
Surgiscreen Resolve Panel A (Ortho Clinical Diagnostics),
previously diluted up to a final concentration of 3 percent, were
used as positive controls.
The ORTHO Sera (Ortho Clinical Diagnostics) are ready
for use and contain sodium azide (concentration weight/volume
<0.1%) as preservative and potentiators/bovine material. The
ORTHO Sera characteristics are summarized in Table 1. The
operating temperature ranged between 15°C and 30°C. The
sera were stored between 2°C and 8°C if they could not be used
within 8 hours. All reagents used are CE marked, conforming
to the current European legislation.
Table 1. Technical description of the ORTHO Sera
Sera
Anti-Jk

a

Clonality

Method and cassette

Human IgM monoclonal Ab

DAT using OCD reverse
diluent cassette

(P3HT7 clone)
Anti-Jk b

Human IgM monoclonal Ab
(P3.143 clone)

Anti-Fya

Human IgG monoclonal Ab
(DG-FYA-02 clone)

Anti-Fyb
Anti-S

IAT using OCD IgG
cassette

Human polyclonal IgG Ab

IAT using OCD IgG
cassette

Human IgG monoclonal Ab

IAT using OCD IgG
cassette

(P3S13JS123 clone)
Anti-s

DAT using OCD reverse
diluent cassette

Human IgG monoclonal Ab
(P3YAN3 clone)

IAT using OCD IgG
cassette

Ab = antibody; DAT = direct antiglobulin test; OCD = Ortho Clinical
Diagnostics; IAT = indirect antiglobulin test.

Column Agglutination Technology and Its
Interpretation
The ORTHO AutoVue Innova is an automated in vitro
immunohematology analyzer that uses ORTHO BioVue
System CAT with digital image processing. It basically
integrates automation in multiple steps during the testing
process, including pipetting, reagent handling, incubation,
centrifugation, reaction grading, and interpretation by digital
image processing and data management. In CAT, agglutinated
RBCs are trapped above or in the column glass beads, whereas
unagglutinated RBCs move through the column and form
a pellet at the bottom.15 A score of positive reactions can be
assigned for CAT, with a maximum value of 4 when most of
the RBCs migrate slightly below the reaction chamber and
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form a homogeneous front, and a minimum of 0.5 when few
RBCs rise from the bottom typically going up just along one
side of the column.16 Conventionally, a score between 3 and 4
indicates a strong positive reaction, and a score between 0.5
and 2 defines a weak positive reaction. One of the following
anomalous conditions may occur, however: mixed field (MF),
fibrin (FIB), or an undefined score, essentially due to the
following:
• MF: two distinct cell populations (i.e., agglutinated and
unagglutinated cells) are present.
• FIB: presence of fibrin may generate a positive test result
at the bottom of the reaction chamber.
• Undefined score: few agglutinates are generated, and
analyzer reading is indefinite.
When anomalous data are generated, the analyzer may
require manual confirmation of test results. In case of a
discrepancy between the test result and the prior known
phenotype, the donor’s blood sample bag was retrieved and a
new blood sample was sent to the reference laboratory of the
blood transfusion service at the University Hospital A. Gemelli
(Rome, Italy) for further serologic and molecular testing by
sequence-specific primer (SSP) polymerase chain reaction
(PCR).
Statistical Analysis
Descriptive tables were reported as absolute and relative
frequencies. The accuracy of ORTHO Sera was evaluated by
assessing sensitivity, specificity, and AUC, accounting for the
clustering nature of repeated measures. A cross-classified
mixed-effect logistic model was used for assessing the risk
of measurement failure or misclassification as a measure
of reliability. The model included only positive samples
(i.e., samples that were single-dose or double-dose positive
for the evaluated antigen). Replicates were hierarchically
nested within cross-products of sessions and blood samples,
representing a larger set of blood samples and sessions (i.e.,
the same blood sample would be used in multiple sessions, and
the same session could include multiple samples). Therefore,
both samples and sessions were treated as high-order (second)
cross-level random effects. The antigen-specific combination
(double-dose for a or b and single-dose [c = {a+, b+}]), the
testing order of repetitions within each session (from 1 to 3),
and the blood group system tested (Kidd, Duffy, MNS) each
represented a fixed effect, which may not vary within each
sample-session combination. Fixed effects may systematically
contribute to the risk of measurement failure (misclassification)
and explain part of the residual variability.
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Null models were initially fit, which only included the
random effects of sessions and samples, separately. Intraclass correlation coefficients were used for estimating the
proportion of residual variance dependent on sessions or
samples, respectively. Fixed effects were then added iteratively
or alternatively to the models and were further expressed as
odds ratios (ORs).
A p value <0.05 was considered statistically significant.
The analysis was performed using Stata software, version 13.1
(StataCorp, College Station, TX).
Results
Accuracy of ORTHO Sera
Most of the ORTHO Sera displayed 100% sensitivity and
specificity, except for anti-S (Table 2). This discrepancy was
due to a single sample that yielded a false-negative result in one
assessment with ORTHO Sera, but displayed a weak positive
result in the remaining eight measurements. All ORTHO Sera
displayed optimal AUC, equal to 1.00 in all cases except for
anti-S (AUC 0.99).
Table 2. Sensitivity, specificity, and AUC of the ORTHO Sera
Sera

Sensitivity (%)

Specificity (%)

AUC

Anti-Jka

100

100

1.00

Anti-Jk

b

100

100

1.00

Anti-Fy

a

100

100

1.00

Anti-Fyb

100

100

1.00

Anti-S

98

100

0.99

Anti-s

100

100

1.00

AUC = area under the receiver operating characteristics curve.

Reliability of ORTHO Sera
Reliability has been confirmed (both intra- and interassay). All repetitions gave the same intra-session and intersession data, except for a single anti-S serum assessment.
Nevertheless, manual interpretation of the reaction score was
necessary in some cases. This need was attributable to the
presence of some anomalous results, especially for expression
of MF, FIB, or undefined score.
Table 3 presents the frequency of anomalous results (38 of
486 tests; 7.8%). Anomalous results only occurred in samples
with any expression of antigens; those not expressing any
antigen were always classified as negative by the analyzer,
with no false-positive reactions. Manual interpretation was
never necessary for results obtained with anti-Fyb and anti-s
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Table 3. Distribution of anomalous results by each individual
ORTHO Sera reagent and type of anomaly
ORTHO Sera
reagent

US

MF

FIB

Automated
readings

Total

Anti-Jka

0

2

10

69

81

Anti-Jk b

0

14

0

67

81

Anti-Fy

a

0

4

1

76

81

Anti-Fy

b

0

0

0

81

81

Anti-S

1

6

0

74

81

Anti-s

0

0

0

81

81

Total

1

26

11

448

486

US = undefined score: few agglutinates are generated; analyzer reading
is indefinite; MF = two distinct cell populations (i.e., agglutinated and
unagglutinated cells) are present; FIB = presence of fibrin may generate a
positive test result at bottom of reaction chamber.

Table 4. Distribution of automated readings by order of repetition
within sessions and reading output
Repetition

US/MF/FIB

Nil

Weak positive

Strong positive

Total

1

15

1*

4

88

108

2

10

0

4

94

108

3

13

0

3

92

108

Total

38

1*

11

274

324

Fisher’s exact test: p = 0.85.
Table to include organic blood samples with reagent-specific positive status
only.
*False-negative result with anti-S.
US = undefined score: few agglutinates are generated; analyzer reading
is indefinite; MF = two distinct cell populations (i.e., agglutinated and
unagglutinated cells) are present; FIB = presence of fibrin may generate a
positive test result at bottom of reaction chamber.

sera, whereas data generated with anti-Jkb needed manual
interpretation in 14 of 81 cases (17.3%). Manual interpretation
was necessary 15, 10, and 13 times in the first, second, and
third repetitions, respectively (Table 4).
In the mixed model, sessions and samples contributed
to 38 and 18 percent, respectively, of the overall variance of
measurement failure outputs. Table 5 shows absolute frequency
distribution across replicates. The order of repetitions within
sessions was not associated with the risk of anomalous findings
(OR 0.89, 95% CI 0.55–1.43; p = 0.62). The risk of anomalous
findings was then compared between blood group systems
tested and according to the antigen-specific status (double dose
versus single dose) of each reagent-sample combination across
sessions. Compared with the Duffy system, assay reactions for
the MNS system had an OR of 1.38 (95% CI 0.13–14.28; p =
0.88), and those for the Kidd system had an OR of 7.66 (95%
CI 0.79–74.07; p = 0.08) for anomalous results. For singledose samples, while also accounting for the blood system
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Table 5. Distribution of automated analyzer readings by session
and reading output
Session

US/MF/FIB

Nil

Weak positive

Strong positive

Total

1

3

0

1

32

36

2

1

0

3

32

36

3

1

0

0

35

36

4

12

0

0

24

36

5

14

0

0

22

36

6

0

0

0

36

36

7

4

0

2

30

36

8

3

1*

2

30

36

9

0

0

3

33

36

38

1*

11

274

324

Total

Fisher’s exact test for the equality of the proportions of UF/MF/FIB to Nil
outputs over the row totals, across sessions: p < 0.001.
Table to include organic blood samples with reagent-specific positive status
only.
*False-negative result with anti-S.
US = undefined score: few agglutinates are generated; analyzer reading
is indefinite; MF = two distinct cell populations (i.e., agglutinated and
unagglutinated cells) are present; FIB = presence of fibrin may generate a
positive test result at bottom of reaction chamber.

tested, anomalous results displayed an OR of 1.24 (95% CI
0.39–4.00; p = 0.71) with double-dose samples (under the
assumption of constant effect between a and b double-dose
statuses). Sensitivity analyses compared the Jk effect with
the effect of Fy and Ss, which were assumed constant. Results
were similar (OR 6.49, 95% CI 0.93–45.28; p = 0.06).
Misclassification of ORTHO Sera with Potential
Antigenic Variants
A critical sample was used in our validation plan for testing
both the MNS and Kidd systems. The donor was a white man,
whose RBCs were known to be group O, Rh phenotype of DCe/
cde, Jk(a–b+), and S+s+. During the assessment with ORTHO
Sera anti-S, one single false-negative result was observed, and
we found one single undefined scoring and scores of 0.5 in the
remaining tests. The anti-s test gave no errors.
Assuming a possible qualitative or quantitative antigenic
variant, we shipped a new sample to a reference laboratory.
The sample was analyzed with both serologic typing (NEO
Immucor automated system [Immucor, Norcross, GA]) and
PCR-SSP (RBC-Ready Gene MNS kits [inno-train Diagnostik
GmbH, Kronberg, Germany]). The tests yielded discordant
results. More specifically, a strong positive score was found by
assessing S antigen with serologic testing, whereas molecular
biology testing was negative for the S allele.

144

Discussion
Our institution decided to implement an automated
method for serologic typing in the local laboratory because of
the increasing burden of multiple alloimmunizations against
common RBC antigens in transfusion practice.5,7 It may be
quite challenging to find donors for patients with complex
alloimmunization,2 and the availability of many extensively
typed donors would allow us to more easily and rapidly
identify compatible RBC units for these patients.17,18
The current Italian recommendations suggest that the
activity carried out in blood transfusion services must follow a
validation and qualification process.14 In immunohematology,
the purpose of the validation process is to ensure accuracy and
reliability of tests. In our study, we performed a prospective
method validation. After the first phase (IQ and OQ), we
focused on PQ, using an experimental design entailing testing
each factor in intra-series and inter-series triplicates, thus
ensuring repeatability and reproducibility of the assay. The
very stringent primary objective for accuracy (sensitivity and
specificity of 100%) was accomplished for all tests except for
anti-S serum, for which the sensitivity was 98%. Consistently,
the use of the AUC, an additional index of accuracy, which
combines both sensitivity and specificity, showed the
maximum score of 1 for all sera, with the only exception of
anti-S (AUC 0.99). Similar findings emerged from reliability
analyses (i.e., analyzing both repeatability and reproducibility),
in which results of all sessions were optimal for all sera, except
for anti-S.
A weak score was generated in the critical sample over
multiple anti-S assessments, so that further scrutiny was
necessary. Molecular genotyping can support serologic testing.
High-efficiency automated platforms currently allow us to
extensively genotype donors and patients in blood banks or in
the reference immunohematology laboratory.17,18 Genotyping
could also predict weak or variant alleles, some of which may
still generate challenges for the correct assessment of antigenic
expression.19 In the suspicion of a possible S antigen variant,
we consulted a reference laboratory for further serologic
and molecular testing by PCR-SSP. These assays generated
discordant results, because the serologic assessment with
automated liquid phase was positive, whereas failure of gene
amplification with selected primers was observed using molecular biology. The MNS system has many rare phenotypes,
characterized by specific antigenic expression patterns—the
best known is the Miltenberger series.19 Discrepancy between
serologic and molecular testing was suggestive for the presence
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of a GYPB gene polymorphism close to the region of the PCR
primer, which ultimately prevented in vitro amplification. A
possible explanation may be the presence of a hybrid GYPAGYPB gene, secondary to unequal gene crossing-over, thus
causing partial expression of S from the chimeric gene in the
absence of the target region of GYPB primer. This hypothesis
could only be confirmed by gene sequencing, however, which
was not accessible at the time of this study. This evidence
suggests that weak or variable hemagglutination requires
molecular diagnostic investigation that can define a specific
gene polymorphism using commercial validated in vitro
diagnostic reagents; on the other hand, this approach may
result in discovery of new undefined polymorphisms requiring
gene sequencing for a complete definition. Further studies
may be needed to define whether or not the combination with
genotyping may be superior to hemagglutination, which is still
widely considered the conventional serologic method.
Because of the observation of this false-negative result,
some doubts were raised as to whether the validation of anti-S
serum could be considered successful. As a potential solution
to this issue, the Italian recommendations may be helpful,
especially for managing the worst cases.14 Critical factors may
sometimes emerge in routine activity and are now regarded
as worst cases. According to the results of our validation, it
can be hypothesized that an antigenic variant may be seen
as a paradigmatic worst case. The recommendations clearly
state that a worst-case test does not necessarily overthrow a
process of validation because of the specific conditions under
which validation is carried out, and that are clearly different
from routine activity. It can be concluded that our validation
was successful even for the anti-S serum.
Although in most cases the hemagglutination procedures
are manually performed via test tube, this process has
advantages and drawbacks. The incorporation of blood
bank automation systems can help reduce human errors,
improve standardization, alleviate heavy workload, and
improve turnaround time.9–11 From occupational safety and
health perspectives, biological safety of operators can also be
improved by adopting automated systems. The minimal sample
handling procedures reduce operator exposure to potentially
hazardous biological materials. Moreover, a traceable database
of laboratory records can be dynamically and cumulatively
populated, since the image captured during interpretation of
reactions can be permanently archived.11 Result interpretation
may also be automated, whereas the manual assay still needs
operator reading, which is inherently associated with subjective
evaluation and broad interobserver variability.10 Nevertheless,
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ORTHO Sera sometimes needed manual interpretation for
detecting anomalous results in our analytical evaluation,
and this may lead to wastage of time, thus affecting work
organization. Overall, anomalous findings could be observed
in 38 of 486 (7.8%) tests, especially for MF (26 cases, 14 with
anti-Jkb) and FIB (11 cases, 10 with anti-Jka). Multiple factors
could theoretically explain the risk of obtaining anomalous
results. Among the fixed conditions, the most obvious include
the different performance of sera and the expression of blood
group system antigens. The order of the three different intrasession repetitions could also have an impact on analyzer
or reagent performance. To evaluate randomly acting or
systematic factors involved in the generation of anomalous
findings also affecting reliability, we used a cross-classified
mixed-effect logistic model. This model is intended to capture
whether random effects should be considered in the analysis
due, for example, to the unobserved randomly variable state
of preservation and/or handling of RBC units (sample effect)
or to non-controllable and largely unpredictable external
conditions under which the session has been carried out, such
as environmental temperature, operator’s accuracy, analyzer
functionality, and so forth (i.e., session effect). Notably, none of
the fixed factors, including order of replications, blood system
tested, or antigen combination, was significantly associated
with anomalous data.
The comparison of blood group systems needs further
scrutiny. Compared with the reference Duffy system, no
differences could be appreciated with MNS, whereas the
Kidd system had some evidence, albeit statistically weak, of
generating a larger number of anomalous results, both when
compared to the other systems as separate entities, or as
uniform entities. From a speculative perspective, the different
behavior of the Kidd system antigens may be attributable
to the fact that anti-Jk sera are monoclonal IgM antibodies
that, unlike ORTHO Sera, do not necessitate anti-human
globulin addition using reverse cassettes. Random factors
may determine variability of anomalous findings, namely, the
selection of blood samples (as RBC units) and the analytical
performance of the session. Both factors were found to be
associated with a substantial part of the risk of anomalous
findings (p < 0.01), contributing 18% (intra-class correlation
coefficient) and 38% to the overall variability, respectively.
Taken together, the results of our analysis suggest that the
frequency of anomalous results is in large part attributable
to random (uncontrollable) factors. Although there is no
immediate solution to reduce this component of variability,
additional studies may be warranted for investigating specific
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environmental factors that more likely may influence the
random variability attributable to samples and sessions.
A major strength of our study is that we first carried out an
experimental validation in an Italian transfusion center shortly
after publication of the Italian recommendations.14 Validation
studies are routinely carried out by pharmaceutical and plasmaderivation industries, and the current recommendations
actually suggest the use of an experimental design borrowed
from the routine.14 The universally agreed-upon criterion of
“exhaustive control” is currently represented by testing three
consecutive batches, which is also regarded as the minimum
requirement for process validation. Not fewer than three
measurements for each of the identified stratification factors
should be carried out, and we exactly matched this strategy in
our evaluation.
The limited number of analyzed events should instead be
considered a limitation of our study, especially for conducting
the multivariable reliability analysis. This result is obviously
attributable to the experimental design, which was based on
the minimum number of samples required for validation, but
also to reasonable cost restrictions for the availability and use
of samples with a known phenotype.
Conclusions
In conclusion, we successfully carried out the validation
of an automated CAT RBC typing method with Ortho Clinical
Diagnostics’ ORTHO Sera against antigens in the Kidd,
Duffy, and MNS blood groups systems. These sera displayed
high accuracy and reliability and permit a viable automated
procedure for rapid phenotyping of large numbers of donors.
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Use of the prewarm method for detecting
clinically significant alloantibodies in the
presence of cold autoantibodies

S E R O LO G I C M E T H O D R E V I E W

S. Dupuis

The prewarm (PW) method is useful for detecting and identifying
clinically significant antibodies that bind to red blood cells
and complement at 37°C and for avoiding antibodies that
bind at temperatures less than 37°C. Antibodies that bind at
temperatures less than 37°C are often cold autoantibodies
that may be present in the serum of healthy individuals and
are usually not clinically significant. The PW method is useful
when these cold autoantibodies have a wide thermal range and
interfere with standard testing methods by reacting at the 37°C
and antihuman globulin test phases. When using the PW method,
it is important to identify underlying, potentially clinically
significant alloantibodies during pretransfusion testing to ensure
the most appropriate component will be selected for transfusion.
Immunohematology 2018;34:148–150.

Reagents/Supplies

Key Words: cold autoantibodies, clinically significant
antibodies, prewarm method, blood type discrepancy

Procedural Steps

Principle
The prewarm (PW) method can be used to detect and
identify red blood cell (RBC) antibodies that bind to antigens
only at 37°C.1 The PW method is often used in the presence
of cold autoantibodies that interfere with standard testing
methods and potentially mask the presence of underlying
clinically significant alloantibodies. By prewarming reagents
and patient serum/plasma to 37°C before testing, cold
antibodies are prevented from binding, allowing for the
identification of clinically significant antibodies that bind
at 37°C and/or at the antihuman globulin (AHG) phase.2
Reactions and serologic readings take place at 37°C. Hence,
antibodies that react at less than 37°C are usually not
detectable when using the PW method; antibodies that react
at the AHG phase are detectable. Prewarming of the patient’s
serum/plasma and the test RBCs separately prevents binding
of cold-reactive antibodies once reagents and serum/plasma
are combined. Anti-IgG is used rather than polyspecific AHG
to help circumvent reactions with RBC-bound complement.
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Reagents

Supplies

• Normal saline or PBS

• 37°C incubator

• Anti-IgG

• Test tubes: 10 × 75 or 12
× 75 mm

• Group O reagent RBCs for
antibody detection

• Pipettes

• Patient RBCs for autocontrol

• Centrifuge

• IgG-coated RBCs

• Agglutination viewer

• Group A1, A2, B, and O reagent
RBCs
PBS = phosphate-buffered saline; RBCs = red blood cells.

• Prewarm saline/PBS to 37°C.
• Label one test tube for each reagent RBC and A/C.
• To each labeled tube, add one drop of the respective reagent
RBCs or A/C.
• Add an adequate volume of patient serum/plasma and a pipette to
an appropriately labeled tube.
• Incubate tubes at 37°C for 5–10 minutes.
• Using 37°C pipette, add two drops of prewarmed patient serum/
plasma to each prewarmed RBC tube and mix.
• Incubate at 37°C for 30–60 minutes.
• Wash tubes four times with 37°C saline/PBS.
• Add anti-IgG in accordance with manufacturer’s directions.
• Centrifuge and observe for agglutination; grade and record results.
• Add IgG-coated RBCs to negative reactions.
PBS = phosphate-buffered saline; RBC = red blood cell; A/C =
autocontrol.

Applications
The PW method is most frequently used to identify
underlying antibodies in the presence of strong cold
autoantibodies that react at the 37°C and AHG phases of
testing. Cold autoantibodies are usually of the IgM isotype and
not clinically significant. The most frequently encountered
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Prewarm method

cold autoantibody is anti-I. Anti-I is common even in the
serum of healthy individuals and reacts strongly at 4°C.
Other common cold autoantibodies include anti-IH, which
is usually found in the serum of group A1 individuals and
reacts strongly with group O and A2 RBCs, and anti-i, which
is less common and may be seen in the serum of patients
with infectious mononucleosis. These specificities are usually
identified with a panel of RBCs tested after a 4°C incubation.1
Once an antibody has been identified as one of these clinically
insignificant specificities, steps should be taken to eliminate
such reactivity in the AHG phase, and the PW method is one
way to accomplish this.
The PW method can also be used to determine whether
an antibody that reacts optimally at colder temperatures has
a wide thermal range and thus may need to be considered
clinically significant or to be identified as the cause of reactivity
observed at 37°C. Cold autoantibodies with a wide thermal
range may be found with cold agglutinin syndrome. In this
setting, the antibodies bind complement and are considered
clinically significant.
Cold autoantibodies can also interfere with serum/
plasma testing or reverse group testing causing blood group
discrepancies. A modified PW method described subsequently
can be used to resolve ABO group discrepancies caused by
cold autoantibodies.
Procedure
PW Method for Antibody Detection/Identification
Prewarm a container of saline/phosphate-buffered saline
to 37°C. Label one test tube for each reagent/donor RBC
sample to be tested, including a test tube for an autologous
control (autocontrol). Label one test tube that will contain an
adequate volume of patient serum/plasma for all anticipated
testing and a transfer pipette. Prepare a 2–5 percent RBC
suspension for each reagent or donor RBC sample and the
autocontrol. Add one drop of each 2–5 percent RBC suspension
to its respectively labeled tube. Place the tubes containing the
RBC suspensions and the patient plasma/serum (at least two
drops for each RBC to be tested and two additional drops) in a
37°C incubator for 5–10 minutes. Leave the transfer pipette in
the tube containing the plasma to prewarm as well. Using the
prewarmed pipette, transfer two drops of plasma to each tube
containing prewarmed RBCs to be tested. Mix gently without
removing from the incubator. Incubate at 37°C for 30–60
minutes. Wash and then centrifuge the tubes three to four
times using 37°C warmed saline. Add anti-IgG according to
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the manufacturer’s instructions. Centrifuge and then observe
for agglutination. Grade reactions accordingly and record
results. Confirm that negative AHG reactions are valid with
the use of IgG-coated RBCs.
Prewarmed Serum Group Determination
Add one drop of each RBC to be tested (group A1, A2 (if
desired), B, and O RBCs for a control) to appropriately labeled
tubes. Add an adequate amount of patient serum/plasma to a
separate labeled tube (at least two drops for each RBC to be
tested). Warm the tubes at 37°C for 5–10 minutes, leaving the
transfer pipette in the tube containing patient serum/plasma.
Using the prewarmed 37°C pipette, add two drops of patient
serum/plasma to each of the tubes containing reagent RBCs
and gently mix. Incubate the tubes at 37°C for 1 hour. Remove
the tubes and examine the settled cells for agglutination (do
not centrifuge).
Limitations
The PW method should be used with caution, since
decreased (clinically significant) antibody reactivity has been
reported, and some weak antibodies can be missed.3 Using
room temperature saline to perform washes after incubation
may help to avoid the elution of clinically significant
antibodies, although strongly reactive cold autoantibodies
may still react.1 The PW method should not be used when the
specificity of the antibody has not been determined, especially
when the autocontrol tests are negative. Clinically significant
alloantibodies such as anti-I, anti-P, and anti-Vel have been
mistaken for the clinically insignificant cold-reactive antibody
after the use of the PW method.4 The PW method may not detect
potentially significant complement-binding alloantibodies or
hemolysis and will not detect antibodies that bind at less than
37°C. Separate tubes may be set up for a direct reading at 37°C
to observe for hemolysis and agglutination.4 Allowing these
separate tubes to incubate at 37°C for 60–120 minutes and
examining the settled RBCs for agglutination by resuspending
the cell button may help detect these antibodies if desired.5
When using the PW method for reverse group testing, some
weak anti-A and anti-B may not be detected.
Quality Control
Quality control should be performed on all reagents and
equipment used per the manufacturer’s instructions for day of
use. IgG-coated RBCs are used to confirm all negative AHG
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reactions. If no agglutination is observed after the addition
of IgG-coated cells, the indirect antiglobulin test is invalid. If
agglutination is observed with the group O RBC sample when
performing reverse group testing, the test is invalid, and no
conclusion can be drawn regarding the ABO group.
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Original Report

Blood chimerism in twins
L. Tavares, D.C. Da Costa, A.P.B. Batschauer, L.F.J. Jobim, G.M. Ewald, C. Mello, E.S.A. Velazquez, and A. Geraldo

Chimerism is a phenomenon in which an individual has
cells with different genetic content from different zygotes. In
dizygotic twins (DTs), chimerism is believed to occur through
placental anastomoses that enable the bidirectional exchange of
hematopoietic stem cells. Little is still known about chimerism
frequency in twins, but several studies have shown a relation
between chimerism and some conditions such as autism,
Alzheimer’s disease, and a group of autoimmune diseases such
as Sjögren syndrome, systemic lupus erythematosus, and
systemic sclerosis. In addition to chimerism of ABO blood groups
being possibly mistaken for ABO subgroups, these autoimmune
diseases may affect other serologic immunohematologic tests.
This study aimed to determine the frequency of chimerism in
DTs through ABO and D testing using the tube method, column
agglutination, and short tandem repeat (STR) assays. Among the
103 subjects assessed for this study, 24 subjects (12 pairs) were
excluded because STR assays showed they were monozygotic; of
the remaining, 70 subjects (35 pairs) were DTs and 9 subjects came
from gestations of trizygotic triplets. No ABO or D chimerism
was detected in any subject through serologic assays, and STR
assays did not detect any blood chimerism. Although there was
no evidence of chimerism found in this study, we emphasize the
importance of observing the family background of individuals
with suspected ABO subgroup in complex immunohematologic
studies because ABO antigen–antibody reactions are similar in
both circumstances, and chimerism can be overlooked. Moreover,
the use of the STR analysis method in chimerism studies can be
important to help differentiate chimerism and ABO subgroups.
Immunohematology 2018;34:151–157.

Key Words: blood group antigens, chimerism, dizygotic
twins, molecular biology
The term chimerism refers to an organism formed by
two or more genomes from different embryos. When these
cells are present in a small percentage (≤10%), the term
microchimerism is used.1,2
Chimerism may occur during the development of
dichorionic dizygotic twins (DTs), since the proximity of the
placentas may lead to the formation of placental anastomoses or
monochorionic DTs through the formation of a monochorionic
placenta.3,4 With the formation of anastomoses occurs the
exchange of hematopoietic stem cells between the fetuses,
which, through tropism, nidation, and proliferation, become
permanent in the bone marrow and begin to produce cells of
the donor twin throughout life. In this way, chimeric twins
may present two different phenotypes for the same blood
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group system antigens. This dual phenotypic expression
occurs once the exchange of hematopoietic stem cells takes
place and before the development of the fetal immune system:
it creates a constant state of immunologic tolerance so both
of the phenotypes are expressed on the erythrocyte surface of
the adult individuals. Thus, the twins develop as chimeras—
namely, individuals with different genetic origin cells that
coexist and have a different phenotypic expression for the
same blood group system antigens.2,3,5,6
Chimerism has been associated with the appearance
of autoimmune diseases in post-pregnant women and in
patients after bone marrow transplant and non-isogroup
blood transfusions. In twins, microchimerism has been
associated with the premature and more frequent appearance
of Alzheimer’s disease.5,6
Currently, several procedures or cell culture conditions
used in in vitro fertilization/embryo transfer (IVF-ET) may
lead to changes in cell-surface nature and increase the risk
of cell fusion. Such data are important because, regardless
of the germinative heritage of the twins, the monochorionic
placenta increases the probability of the formation of vascular
connections between the two fetal circulations.3,7–9
Within transfusion medicine, chimerism and microchimerism may also occur through non-isogroup blood
transfusion, organ transplantation, allogeneic stem cell
transplantation,10 and transit of cells between mother and child
(fetal–maternal) during gestation.3 Chimerism may also cause
immune hemolytic transfusion reactions in recipients; thus,
preemptive detection is important.11,12 Moreover, individuals
with blood group chimerism (BGC) may be wrongly classified
as ABO blood subgroups.13–15
Chimerism may also be assessed in nucleated cells
through genetic analysis of short tandem repeats (STRs). In
red blood cells (RBCs), chimerism can be assessed by flow
cytometry that is sensitive enough to detect one RBC with a
specific antigen among 10,000 RBCs without this antigen. The
method of assessing chimerism by STR analysis of peripheral
blood is considered the gold standard and is already used to
detect chimerism in cases of bone marrow transplant.16
This study aimed to assess the frequency of ABO
and D antigens using both immunohematologic methods
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and STR analysis because BGC may cause transfusion
reactions or be mistaken for ABO subgroups in phenotypic
immunohematologic assays.
Materials and Methods
After approval by the human research ethics committee,
peripheral blood was collected from 50 DTs and/or trizygotic
triplets (TTs) from the state of Santa Catarina, Brazil, between
May and September 2017. The exclusion criteria restricted
pregnant women who had given birth or had had a miscarriage
in the previous 120 days, individuals who had received a blood
transfusion in the previous 120 days, and individuals who had
had organ and/or bone marrow transplantation. The selection
of the 50 DTs and TTs used criteria of age (between 1 and 65
years), including six pairs of twins over 18 years of age, and
having a non-identical twin brother or sister confirmed by
STR assay, so that monozygotic twins were not included in the
research.
Immunohematologic assays were performed to determine
ABO blood group and D antigen status through tube methods
using monoclonal sera and reagent RBCs (DiaClon ABO/D
reagent and DiaCell ABO Reverse Grouping Cells, Bio-Rad
Laboratories, Hercules, CA). The results were interpreted
according to Girello and Kuhn.17 The same ABO and D testing
was carried out in a column agglutination system (BioVue
Anti-A,-B,-D Card and Affirmagen Reverse Grouping Cells;
Ortho Clinical Diagnostics, Raritan, NJ), and the tests were
interpreted according to the manufacturer’s directions.18
The presence of chimerism among the DTs and TTs
was assessed using STR genotyping at the Clinics Hospital
of Porto Alegre in the state of Rio Grande do Sul, Brazil.
The samples were amplified by multiplex polymerase chain
reaction, and 16 STR loci were amplified: amelogenin, vWA,
D7S820, FGA, LPL, TH01, D12S391, D16S539, D3S1358,
D8S1179, TPOX, CSF1PO, Penta D, D13S317, D18S51, and
Penta E. The fluorescent dyes (VIC, FAM, PET, and NED;
Standard Dye Kit, Applied Biosystems, Foster City, CA) were
used to stain the primers. An internal standard (GeneScan
500 LIZ, Thermo Fisher Scientific, Waltham, MA) was used
for capillary electrophoresis, carried out in a sequencer (ABI
3500xL, Thermo Fisher Scientific). The results were analyzed
using software (GeneMapper, version 4.1., Thermo Fisher
Scientific). This method was carried out according to the
fundamentals described in the literature,19,20 and this method
was previously adapted and standardized by the laboratory
(results not published in scientific papers).
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Results
After application of the exclusion criteria, 12 DTs (24
individuals) were excluded because STR analysis showed they
were monozygotic. These twins were completely identical in
16 loci analyzed and had the same ABO blood group and D
status. Consequently, 79 subjects remained in the study group,
70 of whom were DTs (35 pairs) and 9 of whom were from TT
gestations (Tables 1 and 2).
Table 1. Gender and age of study subjects
Number of
subjects

Age, years

Females

Males

All subjects

79

29 ± 14

43

36

Dizygotic twins

70

30 ± 16

37

33

Trizygotic triplets

9

27 ± 5

6

3

Table 2. Comparison of ABO and/or RhD determination results of
siblings

Dizygotic twins
Trizygotic triplets

N (%)
ABO ≠ ABO
RhD ≠ RhD

N (%)
ABO ≠ ABO
RhD = RhD

N (%)
ABO = ABO
RhD ≠ RhD

N (%)
ABO = ABO
RhD = RhD

1 (2.9)

7 (20.0)

4 (11.4)

23 (65.7)

NR

1 (33.3)

NR

2 (66.6)

≠, Immunohematology results differed; =, Immunohematology results were
the same; NR = no result found.

No BGC could be found among the twins in this study
using immunohematologic methods. STR analysis was
performed even for the subjects with the same ABO and/or D
classification to investigate the possible presence of chimerism.
When assessing chimerism through STR sequencing, a
mixture of DNA is sought (that is, two genetic profiles in the
same sample). The STRs are noncoding regions of DNA—in
other words, they are not gene regions—and they are often
used in paternity testing and criminal investigations because
of their high polymorphism among populations. Not all the
analyzed loci are informative. A locus is considered informative
when at least one allele of each individual is not shared. In
the case of siblings, many loci are going to be considered
equal or to have shared alleles; therefore, a minor number of
informative loci are expected when compared with nonrelated
individuals. In informative loci, it is necessary to verify the
presence of unshared alleles of a twin in the other, meaning
that, in the case of chimerism, this testing would result in the
amplification of three or four alleles in the informative loci.
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Fig. 1 Electropherogram of the short tandem repeat (STR) analysis results for loci LPL, TH01, D12S391, and D16S639 in twin 0001 and
twin 0002. The y axis represents the number of relative fluorescence units (RFUs), and the x axis represents the base pairs. This information
is a semiquantitative measure, not quantitative. The threshold used was 50 RFUs.

Fig. 2 Electropherogram of the short tandem repeat (STR) analysis results for loci Vwa, D7S820, and FGA in twin 0001 and twin 0002.
The y axis represents the number of relative fluorescence units (RFUs), and the x axis represents the base pairs. This information is a
semiquantitative measure, not quantitative. The threshold used was 50 RFUs.
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Fig. 3 Electropherogram of the short tandem repeat (STR) analysis results for loci D13S317, D18S51, and Penta E in twin 0001 and twin
0002. The y axis represents the number of relative fluorescence units (RFUs), and the x axis represents the base pairs. This information is a
semiquantitative measure, not quantitative. The threshold used was 50 RFUs.

Fig. 4 Electropherogram of the short tandem repeat (STR) analysis results for loci D3S1358, D8S1179, TPOX, CSF1PO, and Penta D in
twin 0001 and twin 0002. The y axis represents the number of relative fluorescence units (RFUs), and the x axis represents the base pairs.
This information is a semiquantitative measure, not quantitative. The threshold used was 50 RFUs.
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Readers are directed to other specific references about STR
analysis.21
Figures 1–4 are electropherograms of one pair of studied
twins, serving as an example. Twins were labeled as 0001
and 0002. The analyzed loci amelogenin, vWA, LPL, TH01,
D12S391, D3S1358, D8S1179, TPOX, CSF1PO, D13S317,
and Penta E are not informative to assess the presence of
chimerism. For the pair of twins represented in Figures 1–4,
the informative loci are D7S820, FGA, D16S539, Penta D,
D8S1179, and D18S51. A figure analysis shows there was no
amplification of three or more alleles in the informative loci.
All subjects in the research had unique genetic profiles
with no mixture of genetic material from their respective twin,
which confirms that there were no two populations of cells
with distinct genetic characteristics from each other.
Discussion
The increase in the number of twin pregnancies,
particularly those resulting from IVF-ET, may increase
chimerism frequency through higher changes of monokaryosis
occurring in these cases.22 The present research did not assess
the use of IVF-ET.
In recent decades, the number of couples seeking IVFET has increased due to the global trend of women delaying
maternity.23,24 The widespread popularity of fertility clinics
and embryo banks across Brazil resulted in the rate of IVF-ET
skyrocketing in this country over the last decade, increasing
the chances of chimerism occurring in multiple gestations.
Given that the average age of the subjects in this study was
29 ± 14 years, the number of IVF-ET pregnancies in this group
is likely not high (although its use was not analyzed), which
may partially justify the lack of chimerism in the results of this
study. Prior studies have found around 3 percent of BGC in
DTs or TTs, whereas, in this study, we found none; hence, our
hypothesis is based on our participant pool age range.
The subjects in a study by Van Dijk et al.16 were 4 years
old. In our study, the average age was 29 ± 14 years old, and
only one DT pair was 6 years old. In adulthood, the proportion
of two-cell populations may vary; however, the relative
penetration of such populations into the bone marrow over
time is unknown. The degree of chimerism in adults could
decrease or be lost with an increase of age. A limitation in our
study is the number of participants—our sample size is inferior
to that of Van Dijk et al.,16 whose study sample included 472
individuals.
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A case of monokaryotic dizygotic twins was mistaken for
subgroup B3 because of mixed-field reactivity in the column
agglutination test. After family investigation and STR analysis,
the case was confirmed as ABO BGC and not subgroup B3.13 In
the phenotypic immunohematologic laboratory routine of ABO
classification, chimeric blood may result in a mixed field and
absence of ABO antibodies, similarly to that seen in an ABO
subgroup. Therefore, those cases could be mistaken and lead
to the hypothesis that not all subgroups found in the serologic
immunohematologic laboratory routine of ABO classification
are actually subgroups, but are, in some cases, the result of
a clinical analyst seeing an ABO BGC.14,17,25 Even though
no evidence of chimerism was detected in this study, it is
important for professionals who perform immunohematologic
assays to survey the medical and family background of
biological samples suspected of being an ABO subgroup to
correctly diagnose and interpret the blood group in question.
STR analysis was essential to assessing the presence or
absence of chimerism in the group studied because, among
the results, 12 pairs of twins expected to be dizygotic were
shown to be monozygotic. Assessing chimerism through
STR eliminates the need to test for other blood groups using
molecular methods (that is, if chimerism is not detected
through STR, there will be no BGC either). When assessing
chimerism through STR sequencing, a mixture of DNA is
sought (that is, two genetic profiles in the same sample).
The frequency of chimerism in twins is not known, but
better understanding this condition should help medical
treatment. In recent years, several studies have shown the
relation between pockets of genetically incompatible cells and
common conditions such as autism, Alzheimer’s disease,5 and
a group of autoimmune diseases such as Sjögren syndrome,
systemic lupus erythematosus, and systemic sclerosis.6 In
addition to chimerism of ABO blood groups being possibly
mistaken for ABO subgroups, those autoimmune diseases
may affect other serologic immunohematologic tests.26
The present study detected no chimerism, but it is
expected to call more attention to the use of the STR analysis
method to help differentiate between the BGC and ABO
subgroup. Additionally, even though in this study chimerism
was seen as a relatively rare event, it could be considered as a
possible cause of difficulties in ABO phenotyping once more
common causes are excluded, such as ABO subgroups, since
not detecting chimerism could lead to immune hemolytic
transfusion reactions in cases of chimeric packed RBCs being
transfused.27
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Cold autoadsorption
E.M. Ekema

Cold-reactive autoantibodies can mask the presence of underlying
clinically significant alloantibodies in a patient’s plasma or
serum. These autoantibodies are problematic when performing
laboratory procedures such as ABO typing, red blood cell
(RBC) crossmatching, antibody detection testing, and antibody
identification. To avert the masking of clinically significant
alloantibodies in a patient’s plasma or serum, adsorption studies
can be performed at 4°C using autologous RBCs if the patient
has not been recently transfused. Immunohematology
2018;34:158–160.

Reagents/Supplies
Reagents
• Autologous RBCs
• Patient’s plasma/serum containing
cold autoantibody
• Normal saline or PBS
• Proteolytic enzyme (optional)
• Reagent screening RBCs

S E R O LO G I C M E T H O D R E V I E W

• Anti-IgG

Key Words: cold autoadsorption, cold-reactive autoantibodies, autologous red blood cells, proteolytic enzymes
Principle
Adsorption studies at 4°C using autologous red blood cells
(RBCs) (cold autoadsorption) is a process for removing coldreactive autoantibodies from a patient’s serum or plasma.1
This process can only be performed on patients who have not
been recently transfused (within 3 months) with donor RBCs.
During cold autoadsorption, the patient’s RBCs are mixed
with the patient’s plasma or serum and incubated at 4°C.
During this incubation, the autoantibodies adsorb (attach) to
the patient’s RBCs, removing them or reducing their strength.
The adsorbed plasma or serum can then be tested against a
panel of RBCs to identify underlying clinically significant
alloantibodies.1,2
Indications
Cold autoantibodies that are present in a patient’s serum
or plasma can be removed by adsorption using autologous
RBCs. The adsorbed plasma is used to perform pretransfusion
testing, which includes RBC compatibility testing, ABO
typing, antibody detection, and antibody identification. Cold
autoantibodies are present in the sera of most adults, with
the most common specificities being anti-I, -H, and -IH.3
In most cases, cold autoantibodies are IgM and are of no
clinical significance, with the exception of those related to
cold agglutinin syndrome, which routinely express high titers
(>1000) and high thermal amplitude.4

158

• IgG-coated RBCs

Supplies
• 1 mL graduated,
disposable pipettes
• Crushed ice to make a 4°C
environment or refrigerator
• Test tubes: 16 × 100 mm
• Centrifuge
• Timer
• Filter paper

• Potentiators such as LISS
RBC = red blood cell; PBS = phosphate-buffered saline; LISS =
low-ionic-strength saline.

Procedural Steps
• Ensure that the patient has not been recently transfused (within the
last 3 months).
• Wash the patient’s RBCs at least three times with warm saline.
• Centrifuge the RBCs for at least 5 minutes and remove the
supernatant saline.
• If treatment with proteolytic enzymes is desired, follow
manufacturer’s directions and treat the RBCs.
• Wash the RBCs four times after enzyme treatment.
• Centrifuge for at least 5 minutes after the last wash and remove
supernatant saline. If available, use filter paper to carefully adsorb
out any residual saline.
• Add 1 volume of plasma/serum to 1–2 volumes of washed, packed
autologous RBCs.
• Stopper, gently mix well, and incubate for 30–60 minutes at 4°C.
• Centrifuge for 5 minutes and remove the plasma/serum. Test the
adsorbed plasma/serum with reagent screening RBCs to see if all
or most of the cold autoantibody reactivity has been removed.
• Repeat the procedure with fresh adsorbing RBCs if further
adsorption is needed.
RBCs = red blood cells.

Serum or plasma that contains cold-reactive autoantibodies most commonly reacts with reagent screening RBCs
and panel RBCs and with untreated autologous RBCs at the
immediate spin (IS) phase, but reactivity becomes weaker or
disappears when the serum/cell mixture is incubated at 37°C.3
Although most cold-reactive autoantibodies react at IS and at
lower temperatures during serologic testing, it is important to
note that most autoantibodies fix complement and are only
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detected at the antihuman globulin (AHG) phase of testing.5
These autoantibodies may be mistaken for the presence of
weakly reactive alloantibodies.3 To mitigate this situation, the
use of monospecific anti-IgG at the AHG phase of testing is
necessary, although reactivity may persist with monoclonal
anti-IgG.
Identifying the specificity of antigen that a cold-reactive
autoantibody is directed against is not of routine laboratory
interest, although further testing to determine the identity
of the autoantibody can be performed by various methods.
For example, testing cord RBCs alongside reagent screening
RBCs can confirm the presence of anti-I, since cord RBCs
have less expression of the I antigen and would react
weakly or negatively against anti-I. Anti-IH, which is more
commonly found in individuals with A1B, A1, and B blood
groups, reacts more strongly with RBCs that have a strong
expression of the H antigen. Identification of the antigen to
which the autoantibody is reacting will assist the technician in
understanding properties that may be influenced by modifiers
such as enzyme treatment.
Procedure
Ensure that the patient has not been transfused within the
last 3 months and there is a sufficient quantity of autologous
RBCs to perform the adsorption.1 Concentrate the autologous
RBCs by centrifuging for 5 minutes. The use of large-bore
tubes (16 × 100 mm) for adsorption is recommended because
adsorption is more effective if the area of contact between
plasma or serum and the adsorbing RBCs is large.6 Obtain
an aliquot of the patient’s packed RBCs and wash at least four
times with large volumes of warm saline until supernatant is
clear. After the last wash, centrifuge the RBCs for at least 5
minutes and remove the supernatant saline using disposable
pipettes. Treat the washed, packed autologous RBCs with a
proteolytic enzyme such as papain to enhance the adsorption
process. Alternatively, ZZAP, a combination of proteolytic
enzyme and dithiothreitol, can be used to treat the patient’s
RBCs before adsorption.2 Follow the manufacturer’s directions
on performing RBC treatments with proteolytic enzymes
if using commercially made enzymes. Wash the RBCs at
least four times after enzyme treatment. After the last wash,
centrifuge the RBCs for at least 5 minutes and remove as much
residual saline as possible using disposable pipettes to prevent
dilution of the RBCs. Filter paper may be used to carefully
adsorb residual saline. Aliquot the RBCs into additional tubes
if multiple adsorptions are desired and the volume is sufficient.
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Combine 1–2 volumes of autologous RBCs to 1 volume
of patient’s plasma or serum in an appropriately labeled tube
and mix gently.2 Incubate the tube at 4°C for 30 minutes. Mix
the autologous RBCs/serum or plasma mixture periodically
throughout the incubation period to enhance adsorption.
Observe for agglutination/clumping on the sides of the tube.
If visible clumping is observed after at least 15 minutes of
incubation, proceed to the next step before completion of the
30-minute incubation time if desired. After the incubation
period has elapsed, centrifuge the RBCs/serum or plasma
mixture for at least 5 minutes to pack the RBCs. If more
adsorptions are desired, transfer the adsorbed plasma/serum
to another tube of enzyme-treated, or ZZAP-treated, RBCs
and repeat the incubation step.
If additional adsorptions are desired and autologous RBCs
are limited, adsorptions may be repeated on the already-used
adsorbing RBCs by re-treating the RBCs with proteolytic
enzyme or ZZAP.1 It is important to note that overtreatment
with ZZAP can cause RBCs to hemolyze. If no more adsorptions
are desired, transfer the adsorbed plasma/serum into a clean,
properly labeled test tube and discard the adsorbing RBCs.
Test an aliquot of the adsorbed plasma with reagent screening
RBCs and an untreated 3–5 percent suspension of the
patient’s cells. Potentiators may be used to enhance reactivity
of weakly reacting alloantibodies or alloantibodies that may
be showing dosage. Using potentiators such as albumin or
polyethylene glycol in a mixture of reagent RBCs and adsorbed
plasma/serum may enhance any cold autoantibodies that are
left behind during the adsorption process.1,3 It is important
to note that testing adsorbed plasma/serum with screening
RBCs is not a standard practice to determine the endpoint
of adsorption but can be used as an optional method. If the
adsorbed plasma/serum does not react with the screening
RBCs, then the autoantibody has been adsorbed and, most
likely, the plasma/serum does not contain alloantibodies.
It is suggested to test the autoadsorbed plasma/serum
in parallel with unadsorbed plasma/serum. If the adsorbed
plasma/serum reacts with the screening RBCs and adsorption
is determined to be complete, perform antibody identification
using a panel of reagent RBCs.
Reactivity with the reagent RBCs may be variable in
strength and may be observed with one reagent RBC and
not the other. It is important to note that clinically significant
antibodies, especially those weak or variable in test strength,
such as anti-Vel, may be missed. Anti-Vel may present as
a benign, cold-reactive IgM antibody, but it is capable of
fixing complement at body temperature, which can cause a
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severe hemolytic transfusion reaction. To assist in evaluating
the clinical significance of cold-reacting antibodies, other
procedures such as antibody titration and thermal amplitude
studies may be necessary.
The use of adsorption studies at 4°C using autologous
RBCs can be beneficial to avert the issues that cold-reactive
autoantibodies pose for serologic testing. The inability to find
compatible RBCs to transfuse a patient because of the presence
of cold autoantibody may cause a delay in transfusion and
unwanted patient safety issues. Adsorption studies to remove
such autoantibodies is pertinent to ensure that properly
crossmatched blood is available for transfusion.
Limitations
Adsorption is a time-consuming process that may take
several hours to complete, especially if multiple adsorptions are
necessary to remove enough autoantibody from the patient’s
plasma/serum to resolve serologic problems.
Performing adsorptions presents the risk of diluting
weakly reactive alloantibodies with residual saline if the saline
is not carefully removed after the last wash of the autologous
RBCs before adding patient’s plasma or serum. The use of a
potentiator such as low-ionic-strength saline solution can help
to enhance the strength of weakly reactive antibodies that may
have been diluted.

160

Another limitation with autologous adsorption is that if
the patient has a very low hematocrit and not enough packed
RBCs available for testing, adsorption with autologous RBCs
may not be possible.
References
1. Judd WJ, Johnson ST, Storry JR. Judd’s methods in
immunohematology. 3rd ed. Bethesda, MD: AABB Press,
2008.
2. Fung MK, Eder AF, Spitalnik SL, Westhoff CM, Eds. Method
4-5: Cold autoadsorption procedure. In: Technical manual.
19th ed. Bethesda, MD: AABB, 2017.
3. Harmening DM. Modern blood banking and transfusion
practices. 5th ed. Philadelphia, PA: F.A. Davis Company, 2005.
4. Petz L, Garratty G. Immune hemolytic anemias. 2nd ed.
Philadelphia, PA: Churchill Livingstone, 2004:375–99.
5. Rudmann SV. Textbook of blood banking and transfusion
medicine. 2nd ed. Philadelphia, PA: Elsevier Saunders,
2005:486–503.
6. Tsimba-Chitsva F, Bishop S, Kezeor K. Warm autoadsorptions
with enzyme-treated red blood cells. Immunohematology
2012;28:88–90.
Ernest M. Ekema, DHSc, MPH, BB(ASCP)CM, Supervisor,
Immunohematology Reference Laboratory, American Red Cross,
Greater Chesapeake and Potomac Region, 4700 Mount Hope Drive,
Baltimore, MD 21215, Ernest.Ekema@redcross.org.

I M M U N O H E M ATO LO GY, Vo l u m e 3 4, N u m b e r 4, 2 018

B l oo d G r o u p R e v i e w

An update on the GLOB blood group system
(and former GLOB collection)
J. Ricci Hagman, J.S. Westman, Å. Hellberg, and M.L. Olsson

The main change that has occurred in the GLOB blood group
system since the GLOB review published in this journal in 2013
is the addition of an antigen. The high-prevalence PX2 antigen,
originally recognized as the x2 glycosphingolipid, is expressed
on red blood cells of most individuals and is elevated in the rare
PP1Pk-negative p blood group phenotype. P synthase, encoded by
B3GALNT1, was found to elongate paragloboside to PX2 by adding
the terminal β3GalNAc moiety. Hence, PX2 was moved from the
GLOB collection to the GLOB system. The presence of naturallyoccurring anti-PX2 was noted in P1k and P2k individuals exhibiting
nonfunctional P synthase. Although the clinical significance
of this specificity remains unclear, a recommendation to avoid
transfusing Pk patients with p phenotype blood has been made.
Currently, 13 mutations at the highly conserved B3GALNT1 locus
have been found to abolish P synthase function and are recognized
as null alleles by the International Society of Blood Transfusion.
A new allele with a missense mutation but resulting in normal
expression of P has been assigned GLOB*02. Finally, the GLOB
collection was made obsolete after the move of LKE antigen to the
901 series. Immunohematology 2018;34:161–163.

Key Words: GLOB, PX2, B3GALNT1
Update on the GLOB System
In a series of experiments, P synthase encoded by
B3GALNT1 was shown to synthesize the PX2 antigen by
the addition of GalNAc in β1,3-linkage to the paragloboside
precursor (Fig. 1). The presence of naturally occurring antiPX2 in all tested individuals with the rare Pk phenotype was
also noted.1 Consequently, PX2 was reclassified and moved
from the GLOB collection (International Society of Blood
Transfusion [ISBT] no. 209), to which it was added as late as
2016, to the GLOB blood group system (ISBT no. 028) and
accepted as the second blood group antigen (GLOB2) after P
(GLOB1).2 This change, however, gave rise to some confusion,
because Pk, now belonging to the P1PK blood group system
(ISBT no. 003), was previously identified as 209.002 (i.e.,
the second antigen of the GLOB collection). In an attempt to
shed light on the already complicated history of P, P1, and
Pk, the PX2 antigen was therefore renamed GLOB4 (ISBT
no. 028004) by the ISBT Working Party.3 For clarification,
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Fig. 1 Schematic summary of PX2 antigen synthesis and its
precursor molecule paragloboside. The α- or β-linkages are shown
along with the informative numbers in the 1,3 or 1,4 glycosidic
bonds.

the current terminology of the GLOB blood group system is
summarized in Table 1.
Another interesting aspect of PX2 concerns host–pathogen
interaction. Clostridium difficile toxin A is internalized via
endocytosis after binding to epithelial cells in the large
intestine. This toxin has been shown to bind to the terminal
GalNAc of PX2, which is therefore considered the human
receptor for the toxin.4 Interestingly, sialylation of the same
epitope inhibits binding and may therefore modulate the toxic
effects of C. difficile.5
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Table 1. The GLOB blood group system
Antigen

ISBT system no.

ISBT antigen

ISBT antigen no.

P

GLOB 028

GLOB1

028001

PX2

GLOB 028

GLOB4*

028004

Note that the GLOB system remains but the GLOB collection has been
retired and hence 209001, 209002, 209003, and 209004 are obsolete
(previously used for P, Pk, LKE, and PX2, respectively).
*Previously known as GLOB2 but after the ISBT congress in Toronto in June
2018, GLOB2 and GLOB3 were made obsolete. 3
ISBT = International Society of Blood Transfusion; no. = number.

Also, another nonsense mutation at the B3GALNT1 locus,
abolishing P synthase activity, has been identified and added
to the 12 alleles already recognized by ISBT. The substitution
c.420T>G introduces a premature stop codon, p.Tyr140Ter,
and was given the allele name GLOB*01N.13.9 The complete
list of GLOB alleles is available at http://www.isbtweb.org/
working-parties/red-cell-immunogenetics-and-blood-groupterminology/.
Update on the GLOB Collection

Traditionally, p phenotype blood units (i.e., those lacking
P, P1, and Pk antigens) have often been used to manage the
transfusion needs of patients with the rare Pk phenotype. The
reasoning behind this has simply been a matter of availability.
Though the clinical significance of anti-PX2 is not yet fully
understood, this may no longer be the most favorable option
for Pk patients — because of elevated levels of PX2 on the p
phenotype. Thus, a recommendation to avoid transfusing p
phenotype units for Pk patients has been made.
Next-generation sequencing data from the 1000 Genomes
Project has been extracted for all 36 blood group systems,
correlated with known variants and visualized in a customdesigned database, www.erythrogene.com, by Möller et al.6
Bioinformatic analysis of the B3GALNT1 locus revealed it to
be highly conserved, although an allele with the c.376G>A
mutation was found in 5.2 percent of the population worldwide.
This allele, shown to be associated with normal expression of P,7
was named GLOB*02. Subsequently, the c.598delT mutation
linked to c.376G>A8 was therefore renamed GLOB*02N.01
(and GLOB*01N.10 was retired).
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The high-prevalence antigen Luke (LKE) was removed
from the GLOB collection (209003) to the 901 series and
assigned the ISBT number 901017.3 Hence, the GLOB
collection has been rendered obsolete.
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improvement of the journal. Without all of these contributors, Immunohematology would not exist. We appreciate the time and
effort each contributes to the journal.
The authors are showcased in their publications. The editorial staff, administrative staff, medical and technical editors, and
current members of the editorial board are listed in the front of each issue of the journal along with the copy editor, proofreader
and graphic designer: our sincerest appreciation to each.
Our peer reviewers did an excellent job this year. We take this opportunity to list each by name below with heartfelt gratitude
to all.
Patricia Arndt, MT(ASCP)SBB
Debra Bailey, MT(ASCP)SBB
Kathleen Bensing, MT(ASCP)SBB
Lilian M. Castilho, PhD
Martha R. Combs, MT(ASCP)SBB
Geoffrey Daniels, PhD
Masja deHaas, MD, PhD
Darrell M. Demeritt, FACHE, MBA, MT(ASCP)SBB
Eric A. Gehrie, MD
Melissa R. George, DO, FCAP, FASCP
Debra Giardina, MT(ASCP)SBB
Judy Grishaber, MD
Gregory R. Halverson, MT(ASCP)SBB
Jay Herman, MD
Catherine Hyland, PhD, MSc
Nanette C. Johnson, MT(ASCP)SBB
Susan T. Johnson, MSTM, MT(ASCP)SBB
Julie R. Kirkegaard, MT(ASCP)SBB

Regina Leger, MSQA, MT(ASCP)SBB
Jose Lima, MD
Paul M. Mansfield, MT(ASCP)SBB
John Nobiletti, MD
Peter Ligthart, MD
Geralyn M. Meny, MD, MS
Mostafa Moghaddam, MA, CLS(ASCP)SBB
William M. Montgomery, Jr., MT(ASCP)SBB
Nancy Mullis, MT(ASCP)SBB
Pamela A. Nickle, MT(ASCP)SBB
Gorka Ochoa
James Perkins, MD
Ira A. Shulman, MD
Kimberly Smith-Whitley, MD
Jill R. Storry, PhD
Marla C. Troughton, MD
Randall Velliquette, BB, SBB(ASCP)CM
Jennifer Webb, MD

Finally, we thank our readers, whose enthusiasm and interest in the journal make it all worthwhile.
Sandra Nance, MS, MT(ASCP)SBB
Editor-in-Chief
Cynthia Flickinger, MT(ASCP)SBB
Managing Editor
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Announcements

The Johns Hopkins Hospital Specialist in Blood Bank Technology Program
The Johns Hopkins Hospital was founded in 1889. It is located in Baltimore, MD, on the original founding site, just 45
minutes from Washington, DC. There are approximately 1,000 inpatient beds and another 1,200 outpatient visits daily;
nearly 600,000 patients are treated each year.
The Johns Hopkins Hospital Transfusion Medicine Division is one of the busiest in the country and can provide
opportunities to perform tasks that represent the entire spectrum of Immunohematology and Transfusion Medicine
practice. It provides comprehensive support to all routine and specialized areas of care for surgery, oncology, cardiac,
obstetrics, neonatal and pediatric, solid organ and bone marrow transplant, therapeutic apheresis, and patients with
hematological disorders to name a few. Our intradepartment Immunohematology Reference Laboratory provides
resolution of complex serologic problems, transfusion management, platelet antibody, and molecular genotype testing.
The Johns Hopkins Hospital Specialist in Blood Bank Technology Program is an onsite work-study, graduate-level
training program for certified Medical Technologists, Medical Laboratory Scientists, and Technologists in Blood Banking
with at least 2 years of full-time Blood Bank experience.
The variety of patients, the size, and the general intellectual environment of the hospital provide excellent opportunities
for training in Blood Banking. It is a challenging program that will prepare competent and knowledgeable graduates who
will be able to effectively apply practical and theoretical skills in a variety of employment settings. The Johns Hopkins
Hospital Specialist in Blood Bank Technology Program is accredited by the Commission on Accreditation of Allied
Health Education Programs (CAAHEP). Please visit our Web site at http://pathology.jhu.edu/department/divisions/
transfusion/sbb.cfm for additional information.
Contact:	Lorraine N. Blagg, MA, MLS(ASCP)CMSBB
Program Director
E-mail: lblagg1@jhmi.edu
Phone: (410) 502-9584
The Johns Hopkins Hospital
Department of Pathology
Division of Transfusion Medicine
Sheikh Zayed Tower, Room 3100
1800 Orleans Street
Baltimore, MD 21287
Phone (410) 955-6580
Fax (410) 955-0618
Web site: http://pathology.jhu.edu/department/divisions/transfusion/index.cfm
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Announcements, cont.

Masters of Science (MSc) in Transfusion and Transplantation Sciences
at the University of Bristol, England
Applications are invited from medical or science graduates for the Master of Science (MSc) degree in
Transfusion and Transplantation Sciences at the University of Bristol. The course starts in October
2018 and will last for 1 year. A part-time option lasting 2 or 3 years is also available. There may also
be opportunities to continue studies for PhD or MD following the MSc. The syllabus is organized
jointly by the Bristol Institute for Transfusion Sciences and the University of Bristol, Department of
Pathology and Microbiology. It includes:
• Scientific principles of transfusion and transplantation
• Clinical applications of these principles
• Practical techniques in transfusion and transplantation
• Principles of study design and biostatistics
• An original research project
Application can also be made for a Diploma in Transfusion and Transplantation Sciences or a Certificate
in Transfusion and Transplantation Sciences.
The course is accredited by the Institute of Biomedical Sciences.
Further information can be obtained from the Web site:
http://ibgrl.blood.co.uk/MSc/MscHome.htm
For further details and application forms, please contact:
Dr. Patricia Denning-Kendall
University of Bristol
Paul O’Gorman Lifeline Centre
Department of Pathology and Microbiology
Southmead Hospital
Westbury-on-Trym, Bristol BS10 5NB, England
Fax +44 1179 595 342, Telephone +44 1779 595 455, e-mail: p.a.denning-kendall@bristol.ac.uk
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Online Specialist in Blood Bank (SBB)
Certificate and Masters in Clinical Laboratory
Management Program
Rush University | College of Health Sciences
Continue to work and earn graduate credit while the Rush University SBB/MS program
prepares you for the SBB exam and the Diplomat in Laboratory Management (DLM) exam
given by ASCP Board of Certification! (Please note acceptable clinical experience is required for
these exams.)
Rush University offers online graduate level courses to help you achieve your career goals.
Several curricular options are available. The SBB/MS program at Rush University is currently
accepting applications for Fall 2018. For additional information and requirements, please visit our
Web site at: www.rushu.rush.edu/cls/
Rush University is fully accredited by the Higher Learning Commission (HLC) of the North Central
Association of Colleges and Schools, and the SBB Certificate Program is accredited by the
Commission on Accreditation of Allied Health Education Programs (CAAHEP).
Applications for the SBB/MS Program can be submitted online at the following Web site:
http://www.rushu.rush.edu/admiss/hlthadm.html
Contact:	Laurie Gillard, MS, MLS(ASCP)SBB
Director of the Specialist in Blood Banking Program
Assistant Professor, Department of Medical Laboratory Science, Rush University
312-942-2402 (o) | 312-942-6464 (f) | Laurie_Gillard@rush.edu
	Denise Harmening, PhD, MT(ASCP)
Director of Curriculum, Denise_Harmening@rush.edu.
600 S. Paulina Street
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Becoming a Specialist in Blood Banking (SBB)
What is a certified Specialist in Blood Banking (SBB)?
• Someone with educational and work experience qualifications who successfully passes the American Society for Clinical Pathology
(ASCP) board of registry (BOR) examination for the Specialist in Blood Banking.
• This person will have advanced knowledge, skills, and abilities in the field of transfusion medicine and blood banking.
Individuals who have an SBB certification serve in many areas of transfusion medicine:
• Serve as regulatory, technical, procedural, and research advisors
• Perform and direct administrative functions
• Develop, validate, implement, and perform laboratory procedures
• Analyze quality issues preparing and implementing corrective actions to prevent and document issues
• Design and present educational programs
• Provide technical and scientific training in transfusion medicine
• Conduct research in transfusion medicine
Who are SBBs?
Supervisors of Transfusion Services
Supervisors of Reference Laboratories
Quality Assurance Officers
Why become an SBB?
Professional growth

Managers of Blood Centers
Research Scientists
Technical Representatives

Job placement

Job satisfaction

LIS Coordinators
Consumer Safety Officers
Reference Lab Specialists

Educators

Career advancement

How does one become an SBB?
• Attend a CAAHEP-accredited SBB Technology program OR
• Sit forthe examination based on criteria established by ASCP for education and experience.
However: In recent years, a greater percentage of individuals who graduate from CAAHEP-accredited programs pass the SBB exam.
Conclusion: The BEST route for obtaining an SBB certification is . . . to attend a CAAHEP-accredited Specialist in Blood Bank Technology
Program.
Facilities with CAAHEP-accredited programs, onsite or online, are listed below.
Additional information can be found by visiting the following Web sites: www.ascp.org, www.caahep.org, and www.aabb.org.
California

American Red Cross Blood Services

Pomona, CA

Florida

Academic Center at OneBlood

St. Petersburg, FL

Illinois

Rush University

Chicago, IL

Indiana

Indiana Blood Center

Indianapolis, IN

Louisiana

LifeShare Blood Center

Shreveport, LA

University Medical Center New Orleans

New Orleans, LA

National Institutes of Health Clinical Center

Bethesda, MD

The Johns Hopkins Hospital

Baltimore, MD

Walter Reed National Military Medical Center

Bethesda, MD

University Health System and Affiliates School of Blood Bank Technology

San Antonio, TX

University of Texas Medical Branch

Galveston, TX

BloodCenter of Wisconsin

Milwaukee, WI

Maryland

Texas

Wisconsin

Revised October 2017
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National Reference Laboratory
for Specialized Testing
Diagnostic testing for:
•
•
•
•
•

Neonatal alloimmune thrombocytopenia (NAIT)
Post-transfusion purpura (PTP)
Refractoriness to platelet transfusion
Heparin-induced thrombocytopenia (HIT)
Alloimmune idiopathic thrombocytopenia purpura (AITP)

Medical consultation available
Test methods:
• GTI systems tests
— detection of glycoprotein-specific platelet antibodies
— detection of heparin-induced antibodies (PF4 ELISA)
• Platelet suspension immunofluorescence test (PSIFT)
• Solid-phase red cell adherence (SPRCA) assay
• Molecular analysis for HPA-1a/1b
For

further information, contact:

Our laboratory specializes in granulocyte antibody detection
and granulocyte antigen typing.

Indications for granulocyte serology testing
include:
• Alloimmune neonatal neutropenia (ANN)
• Autoimmune neutropenia (AIN)
• Transfusion-related acute lung injury (TRALI)

Methodologies employed:
• Granulocyte agglutination (GA)
• Granulocyte immunofluorescence by flow cytometry (GIF)
• Monoclonal antibody immobilization of neutrophil antigens
(MAINA)

TRALI investigations also include:
• HLA (PRA) Class I and Class II antibody detection
For

further information, contact:

Platelet Serology Laboratory (215) 451-4205

Neutrophil Serology Laboratory (651) 291-6797

Sandra Nance (215) 451-4362
Sandra.Nance@redcross.org

Randy Schuller (651) 291-6758
Randy.Schuller@redcross.org

American Red Cross Biomedical Services
Musser Blood Center
700 Spring Garden Street
Philadelphia, PA 19123-3594
CLIA licensed
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National Neutrophil Serology Reference Laboratory

American Red Cross Biomedical Services
Neutrophil Serology Laboratory
100 South Robert Street
St. Paul, MN 55107
CLIA licensed
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Reference and Consultation Services
Antibody identification and problem resolution
HLA-A, B, C, and DR typing
HLA-disease association typing
Paternity testing/DNA

IgA Testing
IgA testing is available to do the following:
• Identify IgA-deficient patients
• Investigate anaphylactic reactions
• Confirm IgA-deficient donors
Our ELISA for IgA detects protein to 0.05 mg/dL.

F or

infor mation , c ontac t :

Mehdizadeh Kashi

F or

additional infor mation c ontac t :

Sandra Nance (215) 451-4362

at (503) 280-0210
or e-mail:
or write to:

Sandra.Nance@redcross.org

Tissue Typing Laboratory

or write to:

American Red Cross Biomedical Services

American Red Cross Biomedical Services
Musser Blood Center

Pacific Northwest Region

700 Spring Garden Street

3131 North Vancouver
Portland, OR 97227

Philadelphia, PA 19123-3594
ATTN: Sandra Nance

CLIA licensed, ASHI accredited

CLIA licensed

Donor IgA Screening

National Reference Laboratory
for Blood Group Serology

• Effective tool for screening large volumes of donors
Immunohematology Reference Laboratory
AABB, ARC, New York State, and CLIA licensed
24-hour phone number:
(215) 451-4901
Fax: (215) 451-2538
American Rare Donor Program
24-hour phone number:
(215) 451-4900
Fax: (215) 451-2538
ardp@redcross.org
Immunohematology
Phone, business hours:
(215) 451-4902
Fax: (215) 451-2538
immuno@redcross.org
Quality Control of Cryoprecipitated–AHF
Phone, business hours:
(215) 451-4903
Fax: (215) 451-2538
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• Gel diffusion test that has a 15-year proven track record:
Approximately 90 percent of all donors identified as
IgA deficient by this method are confirmed by the more
sensitive testing methods
F or

additional infor mation :

Kathy Kaherl
at (860) 678-2764
e-mail:
Katherine.Kaherl@redcross.org
or write to:
Reference Laboratory
American Red Cross Biomedical Services
Connecticut Region
209 Farmington Avenue
Farmington, CT 06032
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Immunohematology
Instructions for Authors
I. GENERAL INSTRUCTIONS
Before submitting a manuscript, consult current issues of Immunohematology for style.
Number the pages consecutively, beginning with the title page.

II. SCIENTIFIC ARTICLE, REVIEW, OR CASE REPORT WITH
LITERATURE REVIEW
A. Each component of the manuscript must start on a new page in the following
order:
1. Title page
2. Abstract
3. Text
4. Acknowledgments
5. References
6. Author information
7. Tables
8. Figures
B. Preparation of manuscript
1. Title page
a. Full title of manuscript with only first letter of first word capitalized (bold
title)
b. Initials and last name of each author (no degrees; ALL CAPS), e.g., M.T.
JONES, J.H. BROWN, AND S.R. SMITH
c. Running title of ≤40 characters, including spaces
d. Three to ten key words
2. Abstract
a. One paragraph, no longer than 300 words
b. Purpose, methods, findings, and conclusion of study
3. Key words
a. List under abstract
4. Text (serial pages): Most manuscripts can usually, but not necessarily, be divided
into sections (as described below). Survey results and review papers may need
individualized sections
a. Introduction — Purpose and rationale for study, including pertinent
background references
b. Case Report (if indicated by study) — Clinical and/or hematologic data and
background serology/molecular
c. Materials and Methods — Selection and number of subjects, samples, items,
etc., studied and description of appropriate controls, procedures, methods,
equipment, reagents, etc. Equipment and reagents should be identified in
parentheses by model or lot and manufacturer’s name, city, and state. Do not
use patients’ names or hospital numbers.
d. Results — Presentation of concise and sequential results, referring to
pertinent tables and/or figures, if applicable
e. Discussion — Implication and limitations of the study, links to other studies; if
appropriate, link conclusions to purpose of study as stated in introduction
5. Acknowledgments: Acknowledge those who have made substantial contributions
to the study, including secretarial assistance; list any grants.
6. References
a. In text, use superscript, Arabic numbers.
b. Number references consecutively in the order they occur in the text.
7. Tables
a. Head each with a brief title; capitalize the first letter of first word (e.g., Table
1. Results of…) and use no punctuation at the end of the title.

178

b. Use short headings for each column needed and capitalize first letter of first
word. Omit vertical lines.
c. Place explanation in footnotes (sequence: *, †, ‡, §, ¶, **, ††).
8. Figures
a. Figures can be submitted either by e-mail or as photographs (5 ×7″ glossy).
b. Place caption for a figure on a separate page (e.g., Fig. 1 Results of…),
ending with a period. If figure is submitted as a glossy, place first author’s
name and figure number on back of each glossy submitted.
c. When plotting points on a figure, use the following symbols if possible:
l l s s n n.
9. Author information
a. List first name, middle initial, last name, highest degree, position held,
institution and department, and complete address (including ZIP code) for all
authors. List country when applicable. Provide e-mail addresses of all authors.

III. EDUCATIONAL FORUM
A. All submitted manuscripts should be approximately 2000 to 2500 words with
pertinent references. Submissions may include:
1. An immunohematologic case that illustrates a sound investigative approach with
clinical correlation, reflecting appropriate collaboration to sharpen problem-solving
skills
2. Annotated conference proceedings
B. Preparation of manuscript
1. Title page
a. Capitalize first word of title.
b. Initials and last name of each author (no degrees; ALL CAPs)
2. Text
a. Case should be written as progressive disclosure and may include the
following headings, as appropriate:
i. Clinical Case Presentation: Clinical information and differential diagnosis
ii. Immunohematologic Evaluation and Results: Serology and molecular
testing
iii. Interpretation: Include interpretation of laboratory results, correlating
with clinical findings
iv. Recommended Therapy: Include both transfusion and nontransfusionbased therapies
v. Discussion: Brief review of literature with unique features of this case
vi. Reference: Limited to those directly pertinent
vii. Author information (see II.B.9.)
viii. Tables (see II.B.7.)

IV. LETTER TO THE EDITOR
A. Preparation
1. Heading (To the Editor)
2. Title (first word capitalized)
3. Text (written in letter [paragraph] format)
4. Author(s) (type flush right; for first author: name, degree, institution, address
[including city, state, ZIP code, and country]; for other authors: name, degree,
institution, city and state)
5. References (limited to ten)
6. Table or figure (limited to one)
Send all manuscripts by e-mail to immuno@redcross.org
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Immunohematology
Instructions for Authors | New Blood Group Allele Reports
A. For describing an allele that has not been described in a peer-reviewed publication and for which an allele name or provisional allele name has been assigned by the
ISBT Working Party on Blood Group Allele Terminology (http://www.isbtweb.org/working-parties/red-cell-immunogenetics-and-blood-group-terminology/blood-groupterminology/blood-group-allele-terminology/)
B. Preparation
1. Title: Allele Name (Allele Detail)
ex. RHCE*01.01 (RHCE*ce48C)
2. Author Names (initials and last name of each [no degrees, ALL CAPS])
C. Text
1. Case Report
i.

Clinical and immunohematologic data

ii. Race/ethnicity and country of origin of proband, if known
2. Materials and Methods
Description of appropriate controls, procedures, methods, equipment, reagents, etc. Equipment and reagents should be identified in parentheses by model or lot and
manufacturer’s name, city, and state. Do not use patient names or hospital numbers.
3. Results
Complete the Table Below:
Phenotype

Allele Name

Nucleotide(s)

Exon(s)

Amino Acid(s)

Allele Detail

References

e weak

RHCE*01.01

48G>C

1

Trp16Cys

RHCE*ce48C

1

Column 1: Describe the immunohematologic phenotype (ex. weak or negative for an antigen).
Column 2: List the allele name or provisional allele name.
Column 3: List the nucleotide number and the change, using the reference sequence (see ISBT Blood Group Allele Terminology Pages for reference sequence ID).
Column 4: List the exons where changes in nucleotide sequence were detected.
Column 5: List the amino acids that are predicted to be changed, using the three-letter amino acid code.
Column 6: List the non-consensus nucleotides after the gene name and asterisk.
Column 7: If this allele was described in a meeting abstract, please assign a reference number and list in the References section.
4. Additional Information
i.

Indicate whether the variant is listed in the dbSNP database (http://www.ncbi.nlm.nih.gov/snp/); if so, provide rs number and any population frequency information, if available.

ii. Indicate whether the authors performed any population screening and, if so, what the allele and genotype frequencies were.
iii. Indicate whether the authors developed a genotyping assay to screen for this variant and, if so, describe in detail here.
iv. Indicate whether this variant was found associated with other variants already reported (ex. RHCE*ce48C,1025T is often linked to RHD*DIVa-2).
D. Acknowledgments
E. References
F. Author Information
List first name, middle initial, last name, highest degree, position held, institution and department, and complete address (including ZIP code) for all authors. List country when
applicable.
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