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Paul Duquette
O n O ur C ov er

The late 19th century and early 20th century Italian Jewish painter, Amedeo Modigliani, fits as well as
anyone the romantic archetype of the tragic Bohemian artist. A master of expressionist portraits and figure
studies, he enjoyed little success during his brief career. Elegantly lengthened mask-like faces and bodies
with simplified idealized features were hallmarks of his style, although he also provoked controversy by
his stark inclusion of pubic hair in his nudes. Impoverished and suffering from terminal tuberculosis
in his early thirties, he sank deeper into alcoholism although he continued to paint. He had one serious
romantic interest, Jeanne Hébuterne, a young model who became his fiancé at the end of his life, despite
the objections of her parents. Here he depicts her during her pregnancy in a white chemise (1919). The
article by Marchese addressing Lewis antibodies in pregnancy is included in this issue.
David Moolten, MD

Case R ep ort

ABO serology in a case of persistent weak A
in a recipient following a group O–matched
unrelated bone marrow transplant
D.E. Grey, E.A. Fong, C. Cole, J. Jensen, and J. Finlayson

HLA-matched hematopoietic stem cell transplantation (HSCT)
from red blood cell (RBC)-incompatible donors is not uncommon.
The engraftment process following ABO-incompatible allogeneic
HSCT results in the transition from patient blood group to donor
blood group in the recipient. In contrast, most non-hematopoietic
tissues retain expression of the patient’s original blood group for
life, and these antigens may adsorb from the plasma onto the
donor-derived RBCs. Correct serologic interpretation of the ABO
blood group during this engraftment process can be difficult.
We present the serologic findings of a 15-year-old girl of Maori
descent, who was diagnosed with acute myeloid leukemia and
transplanted with an HLA-matched unrelated group O, D+ bone
marrow. Despite engraftment, her RBCs showed persistence of
weak A. This case report showcases the importance of awareness
and correct serologic interpretation of weak persistence of
recipient ABH substance on the patient’s RBCs for clinical
decision-making, blood component support, and patient wellbeing. Immunohematology 2017;33:99–104.

Key Words: ABO, transplant, serology, monoclonal,
antibody, recipient ABH substance
HLA-matched hematopoietic stem cell transplantation
(HSCT) from red blood cell (RBC)-incompatible donors is
not uncommon.1 ABO-incompatible HSCT is of particular
importance because of the consequences of acute hemolysis
and the complexity of blood component selection.
ABO antigens and the closely related H, secretor, and
Lewis histo-blood group carbohydrates are synthesized
by specific glycosyltransferases encoded by ABO, FUT1,
FUT2, and FUT3, respectively. These enzymes incorporate
monosaccharide units into precursor oligosaccharide chains,
modifying them and creating new antigenic specificities.2
FUT1 and ABO encode enzymes that synthesize H, A, and B
in mesodermal and hematopoietic tissues that are therefore
intrinsic to the RBC. FUT2 and FUT3, together with ABO, are
responsible for H, A, B, Lea, Leb, ALeb, and BLeb carbohydrates
on ectodermal tissues such as the gut, respiratory and urinary
mucosae, and exocrine secretions, which are transported to
the plasma and adsorbed onto the RBC membrane.2–4
The engraftment process following ABO-incompatible
allogeneic HSCT results in the transition from patient blood
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

group to donor blood group in the recipient. In contrast, most
non-hematopoietic tissues retain expression of the patient’s
original blood group for life, and these antigens may adsorb
from the plasma onto the donor-derived RBCs.5
The correct serologic interpretation of the recipient’s
ABO blood group during this engraftment process can be
difficult because of serologic discrepancies caused by ABO
incompatibility between the recipient and donor during
engraftment, transfusion of blood components with differing
ABO group to the recipient, administration of high-dose
intravenous immunoglobulin producing elevated levels of ABO
isoagglutinins, engraftment failure, and relapse. In addition,
adsorption of recipient antigens onto donor RBCs adds another
level of complexity to the interpretation of the ABO group, and
this may have implications for blood component support and
clinical decision-making.
We present the serologic findings of a case of persistent
weak A in a recipient following a group O HLA-matched
unrelated bone marrow transplant.
Case Report
A 15-year-old girl of Maori descent was diagnosed with
acute myeloid leukemia in 2014. Her RBCs typed as group A,
D+, Le(a–b–). A total of 46 units of group A, D+ RBCs and
64 units of group A and 2 units of group O apheresis platelets
were transfused during the first 5 months following diagnosis.
The patient was then transplanted with an HLA-matched
unrelated group O, D+ bone marrow. A further 7 units of
RBCs, all group O, D+, and 18 group A and 4 group O units
of apheresis platelets were transfused post-transplant, within
a 1-month period. There were no units of RBCs or platelets
transfused during the following 27 months.
Engraftment was confirmed by day 24 post-transplant
with short tandem repeat chimerism studies (lymphocytes)
showing 99 percent chimerism (Table 1).
Five months post-transplant, routine blood grouping
(BioVue column agglutination technology [CAT]; Ortho
99
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Table 1. Results of patient ABO and D blood typing by CAT (BioVue, Ortho Clinical Diagnostics, Bridgend, UK; agglutination grade 0–4+)
and short tandem repeat lymphocytes chimerism studies at diagnosis and at different time points post-transplant
Anti-A

Anti-B

Anti-A,B

Anti-D

Anti-H

A1 Cells

B Cells

STC (%)

Time Point

(MH04, 3D3)

(NB10.5A5, NB1.19)

(MH04, 3D3, NB10.5A5, NB1.19)

At diagnosis

4+

0

nt

4+

nt

0

4+

nt

Day 9

mf

0

nt

4+

nt

0

3+

nt

Day 24

nt

nt

nt

nt

nt

nt

nt

99

3 months

nt

nt

nt

nt

nt

nt

nt

99

5 months

1+

0

nt

4+

nt

0

3+

99

8 months

nt

nt

nt

nt

nt

nt

nt

98

9 months

2+

0

nt

4+

nt

0

3+

nt

28 months

1+

0

2+

4+

4+

0

2+

nt

mf = mixed field; nt = not tested; STC = short tandem repeat lymphocytes chimerism.

Clinical Diagnostics, Bridgend, UK) showed weak reactivity of
patient RBCs with monoclonal anti-A; anti-B was detectable in
the reverse group. These weak reactions persisted throughout
the 28-month post-transplant review period. At the time of
last review, the full blood count and renal and liver function
indices were all normal.
Materials and Methods
Patient Blood Typing
ABO and D typings were performed using commercially
available reagents according to the manufacturer’s protocols
by conventional tube test (CTT), as well as by CAT (BioVue
CAT, Ortho Clinical Diagnostics, and Bio-Rad CAT, Bio-Rad
Laboratories, DiaMed GmbH, Cressier, Switzerland). The
patient’s RBCs were also tested using a lectin (Anti-H lectin,
Ulex europaeus; Seqirus, Victoria, Australia) and monoclonal
antibodies (Epiclone Anti-Lea and Anti-Leb; Seqirus). The
ABO antisera clones are shown in Table 2. Patient and control
RBCs (Securacell; Seqirus) were treated with papain (Papain
Solution; Seqirus), and the forward ABO typing was tested
by Bio-Rad CAT (DiaClon ABO/Rh for Newborns; Bio-Rad
Laboratories).
Papain-treated and -untreated patient RBCs were also
tested against two group O plasma samples with known anti-A
titers of 256 and 512, respectively, and read at antiglobulin
phase (Anti-IgG-C3d; Bio-Rad CAT, Bio-Rad Laboratories).
Adsorption-Elution Studies
Adsorption-elution studies were undertaken to confirm
the presence of A using one volume of papain-treated patient
RBCs incubated at room temperature for 1 hour with 1
volume of anti-A containing Birma-1 (Gamma-Clone Anti-A;
Immucor, Norcross, GA), anti-B using B9 (Epiclone Anti-B;
100

Seqirus), and a blended anti-A,B using 4E7, B9, and ES15
(Epiclone Anti-A,B; Seqirus).6 A rapid acid elution was then
performed in accordance with the manufacturer’s instructions
(DiaCidel; Bio-Rad Laboratories). The eluate and last wash
were incubated for 10 minutes at room temperature with
commercial A1, B, and O cells (Seqirus) using the CAT card
(ID-card NaCl, enzyme test, and cold agglutinins; BioRad Laboratories). Controls were run using A1 and O RBCs
(Seqirus).
All agglutination reactions, negative to positive, were
graded as 0 to 4+, respectively.
Results
ABO and D Typings
Table 1 shows the results of the patient’s ABO and D
typings by CAT (BioVue) at different time points. At diagnosis,
the patient’s RBCs typed as group A, D+, with strong
agglutination (4+) with monoclonal anti-A (BioVue CAT).
Nine days post-transplant, mixed-field agglutination with
anti-A (BioVue CAT) was observed, consistent with the recent
transfusion of 2 group O, D+ RBC units.
By day 24 post-transplant, engraftment was confirmed
with the short tandem repeat chimerism studies (lymphocytes)
showing 99 percent donor detectable (Table 2).
Five months post-transplant, the patient’s RBCs showed
weak agglutination (1+) with A sera (monoclonal Anti-A;
BioVue CAT, Ortho Clinical Diagnostics) while the patient’s
plasma reacted only with B cells (Seqirus) (3+). There was
no evidence of mixed-field agglutination at this time. The last
transfusion had occurred 4 months prior.
The patient’s blood type was reviewed at 28 months
post-transplant, at which point the weak reactivity (1+) of
the patient’s RBCs with monoclonal reagent (monoclonal
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017
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Table 2. Antisera clones for each of the ABO monoclonal
antibodies used
Anti-A

Anti-B

Anti-A,B

CAT (BioVue)

MH04, 3D3

NB10.5A5,
NB1.19

MH04, 3D3,
NB10.5A5,
NB1.19

CAT (Bio-Rad)

LM297/628
(LA-2)

LM306/686
(LB-2)

ES131 (ES-15),
BIRMA-1, ES-4

B9

4E7, B9, ES15

CTT (Gammaclone,
Immucor)

Birma-1

CTT (Epiclone, Seqirus)

4E7, 8F2

Highlighting indicates the directly agglutinating clones.

Anti-A; BioVue CAT, Ortho Clinical Diagnostics) remained
(Fig. 1A). Agglutination of the patient’s RBCs with MH04,
3D3, NB10.5A5, NB1.19 clones (monoclonal anti-A,B; BioVue
CAT, Ortho Clinical Diagnostics), although still weak, was
stronger (2+) than that observed with the MH04, 3D3 clones
(monoclonal Anti-A; BioVue CAT, Ortho Clinical Diagnostics)
(Fig. 1). In contrast, there was no agglutination with anti-A
LM297/628 (LA-2) clones (DiaClon ABO/Rh for Newborns;
Bio-Rad CAT, Bio-Rad Laboratories) and very weak
agglutination (<1+) with anti-A,B ES131 (ES-15), BIRMA-1,
ES-4 clones (DiaClon ABO/Rh for Newborns; Bio-Rad CAT,
Bio-Rad Laboratories) (Fig. 2A). Reactivity, following papain
treatment of the patient’s RBCs, was observed with anti-A (2+
to 3+) and enhanced with anti-A,B (3+ to 4+) (both DiaClon

ABO/Rh for Newborns; Bio-Rad CAT, Bio-Rad Laboratories)
(Fig. 2B). Papain-treated commercial A1, A2, Awk, B, and O
RBCs (Seqirus) were included as controls for the Bio-Rad CAT
(Bio-Rad Laboratories); there was no false-positive or falsenegative agglutination.
When CTT typing was performed, there was no
agglutination using two different A sera (4E7, 8F2, Epiclone
Anti-A, Seqirus, and Birma-1 Gamma-Clone Anti-A,
Immucor), although weak agglutination (1+) was observed
with AB clones 4E7, B9, and ES15 (Epiclone Anti-A,B; Seqirus).
Group O plasma with an anti-A titer of 512 agglutinated
both untreated (2+) and papain-treated (3+ to 4+) patient
RBCs. In contrast, the group O plasma with an anti-A titer of
256 only agglutinated papain-treated (2+) patient RBCs and
not the untreated sample.
Adsorption-Elution Studies
BIRMA-1 (Gamma-Clone Anti-A; Immucor) and 4E7,
B9, and ES15 (Epiclone Anti-A,B; Seqirus) were detectable in
the eluate with A1 cells following adsorption-elution studies
(4+), and the absence of mixed-field reactivity confirmed the
presence of A only on the patient’s RBCs. Eluates prepared
from anti-A– or anti-A,B–adsorbed RBCs were not reactive
with commercial B or O cells (Seqirus). Monoclonal anti-B
was not detectable in the eluate, and there were no antibodies
demonstrable in the final wash.

Fig. 1 Results of patient’s ABO typing, forward and reverse, and D typing using CAT (BioVue; Ortho Clinical Diagnostics, Bridgend, UK)
showing a weak reaction with monoclonal anti-A (A) and the comparative difference in reaction strength with monoclonal anti-A,B (B). ctrl
= control.
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Fig. 2 Results of ABO forward type, D type, and direct antiglobulin
test (DAT) with untreated patient’s red blood cells (RBCs) using
CAT (Bio-Rad Laboratories, DiaMed GmbH, Cressier, Switzerland)
(A) compared with papain-treated patient RBCs (B). ctl = control.

Discussion
A compromise in ABO compatibility is often required to
satisfy the most important predictor of allogeneic matched
unrelated HSCT outcome—namely, the HLA match between
donor and recipient.7 As a consequence, difficulties can arise
in ABO interpretation.
One area of ABO-incompatible HSCT that has received
minimal attention, for which there is limited serologic
information, is that of the weak persistence of recipient ABH
substance.5,8–12
In the case we describe, the patient’s RBCs consistently
showed weak agglutination with A and A,B sera (monoclonal
Anti-A and Anti-A,B; BioVue CAT; Ortho Clinical Diagnostics)
up to 28 months after the group O transplant; the reaction
strength with anti-A,B was stronger than that with anti-A.
Although other anti-A,B clones were also reactive by different
methods, other monoclonal A reagents were not. This
pattern of reactivity is similar to that described for the ABO
subgroup A x, where very low levels of A are agglutinated by
the majority of group O sera, but by only a few group B sera.13
This phenomenon was thought to be a result of the higher

102

association constant found with immune anti-A,B in group O
sera compared with anti-A in group B sera.14
Two clones, ES-15 and MH04, which were present in
the antisera showing persistent weak agglutination with the
patient’s RBCs post-transplant, have been reported to detect
low levels of A expression.15,16 As an antisera, clone ES-15 has
been reported to agglutinate 95 percent of A x examples15; the
BIRMA-1 clone agglutinated only 60 percent.17 MH04, although
able to detect weak subgroups of A including A x, has been
associated with false-positive reactions in 1 percent of group
B donors. These donors, termed B(A), were shown to exhibit
high levels of B-gene–specified transferase activity resulting
in the transfer of small amounts of N-acetyl-d-galactosamine
(A-active structures) to H-active structures on group B
RBCs.16 As a consequence of this finding, recommendations
were made that monoclonal A reagents should not detect the
so-called B(A) phenomenon. It was considered desirable, but
not essential, for the monoclonal A reagents to react with
RBCs expressing very low levels of A, including A x and A h, but
essential for monoclonal anti-A,B reagents to do so.18
It is interesting to speculate further as to why the reaction
strength with A,B sera was stronger than with the A sera
(BioClone Anti-A and Anti-A,B; BioVue CAT; Ortho Clinical
Diagnostics) when the clones for A,B sera (which include
MH04) were a blend of the A and B clones. This difference in
reaction strength does not fit the concept of a higher association
constant as described for human anti-A,B in group O sera.14
Perhaps the potency of MH04 has simply been reduced to
overcome the B(A) phenomenon.
Although monoclonal antibody specificity is important
in the detection of persistent weak A expression, we cannot
exclude the role of macromolecular potentiators, present in the
one CAT system (BioVue) to enhance the antigen–antibody
reactions. In the ABO setting, papain treatment of RBCs is
also known to enhance antigen–antibody reactions through
removal of glycoproteins from the surface layer, with resultant
reduction of steric repulsion and a 40 percent decrease in
surface charge density.19,20 In the case we describe, papain
treatment of the patient’s RBCs confirmed the presence of A,
enabling direct agglutination with a monoclonal anti-A that
had not been agglutinable.
Garratty et al.12 studied the RBCs from an A1 patient
expressing weak A reactivity 5 months after receiving a group
O bone marrow transplant using flow cytometry and found
that there was a single right-shifted population. In contrast,
chimeric or mixed-field RBCs showed two distinct populations.
We, too, found no evidence of mixed-field agglutination either
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by CTT or CAT, consistent with weak recipient A substance
adsorbed onto the RBCs from the plasma. The concept that
group O RBCs can acquire weak A or B was initially described
in 1962, when Renton and Hancock21 observed that group O
RBCs, which had been emergently transfused into group A
or B recipients, produced “loose stringy” agglutination when
reacted with group O sera. It was later found that the amount
of A in lipid fractions isolated from the serum of group A
donors was highest from group A1 Le(a–b–) secretors.22 Needs
et al.8 also ascertained the importance of secretor status when
they observed “small quantities” of recipient ABH substance
on post-transplant RBCs when the recipient was a secretor but
not when the recipient was a non-secretor.
It is known that 80 percent of Le(a–b–) individuals and
all Le(a–b+) individuals are ABH secretors, and all Le(a+b–)
individuals are ABH non-secretors.23 It is of interest that
Henry et al.24 found that glycolipid fractions prepared from the
plasma and RBCs of selected Polynesian samples (including
Maoris) of RBC Le(a–b–), Le(a+b–), and Le(a+b+) phenotypes
were found to have Leb glycolipids, suggesting that the
recessive non-secretor gene is absent or rare in a Polynesianderived gene pool. In our case the patient’s RBCs typed as
Le(a–b–). Although we recognize that the Lewis phenotype
can be misleading in certain physiological and disease states,25
it is likely that our patient was a secretor, and this assumption
is consistent with the persistent presence of recipient A on the
patient’s RBCs.
One limitation of our study is that we did not measure
the level of soluble recipient ABH in the patient’s plasma.
In a recent study by Hult et al.,5 flow cytometric analysis
confirmed the major role of A/B adsorption from secretor
plasma; an additional, secretor-independent mechanism for
A/B acquisition was also indicated.
Available evidence suggests that persistence of weak
recipient ABH substance is not associated with relapse.10 In
the experience of De Vooght et al.,10 patients expressed concern
that when this phenomenon was exhibited, it represented
an unsuccessful transplant or relapse that then created
unnecessary anxiety that affected the patient’s quality of life.
The decision to switch a patient’s blood group following
ABO-incompatible HSCT is complex and varies across
institutions.7 Major or minor ABO mismatches, engraftment,
relapse, and transfusion dependence all affect the decision. In
addition, adsorption of recipient antigens onto donor RBCs
adds another level of complexity to the interpretation of the
recipient’s ABO group.
The phenomenon of recipient weak ABH substance on the
patient’s RBCs may affect the choice of ABO group for blood
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

component transfusion support in patients undergoing HSCT.
For RBC transfusions, the ABO group of the components should
be compatible with both the recipient and donor following
HSCT, and then the components should be switched to the
donor group following engraftment. It is now recommended,
however, that platelet and plasma components remain ABOcompatible with both the recipient and donor for life.5,26
In conclusion, the awareness and correct serologic
interpretation of recipient weak ABH substance on a patient’s
RBCs is important for clinical decision-making, blood
component support, and patient well-being.
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Stability guidelines for dithiothreitol-treated
red blood cell reagents used for antibody
detection methods in patients treated with
daratumumab
W.L. Disbro

Daratumumab (DARA), a drug used to treat patients with
multiple myeloma, causes interference in pre-transfusion testing.
Samples from patients receiving DARA exhibit panreactivity in
antibody detection and identification tests with red blood cells
(RBCs). Many hospitals are sending these samples to reference
laboratories. Dithiothreitol (DTT), a sulfhydryl chemical treatment of RBCs, negates this reactivity. This study investigated
the stability of the antigens on DTT-treated RBCs to determine
if large quantities of RBCs could be treated at one time, stored,
and used for testing at a later time. Panel cells were treated with
DTT and then stored as three sets. Set 1 DTT-treated RBCs were
stored in Alsever’s solution at 2°C to 8°C, washed daily, and
suspended in pH 7.3 phosphate-buffered saline (PBS) prior to
antigen typing. Set 2 DTT-treated RBCs were stored in pH 7.3
PBS. Set 3 DTT-treated RBCs were stored in Alsever’s solution.
Sets 2 and 3 were inspected daily for 14 days for observation of
hemolysis. In Set 1, all antigen reactivity remained at ≥2+ with
both single- and double-dose cells for 14 days. The Rh antigens
gave stronger reactions longer, compared with those tested in
the Duffy, Kidd, and MNS blood group systems. Sets 2 and 3
were monitored for hemolysis. On day 3, Set 2 began displaying
hemolysis, with complete hemolysis by day 8. Set 3 did not display
hemolysis in 14 days. In conclusion, a large volume of RBCs can be
treated with DTT and stored in Alsever’s solution for use without
deterioration of the RBC antigens, saving institutions tech
time, resources, and money. Immunohematology 2017;33:
105–109.

Key Words: immunohematology, daratumumab, dithiothreitol, stability, antigen
Daratumumab (DARA) is a human monoclonal antibody
shown to recognize CD38.1 DARA targets CD38, a glycoprotein
found on the surface of many types of cells including B cells,
which are overexpressed in patients with multiple myeloma.2
This finding has been established as a successful treatment of
patients with multiple myeloma and non-Hodgkin’s lymphoma.
In clinical trials, DARA has been proven highly cytotoxic to
tumor cells via complement-dependent cytotoxicity, antibodydependent cellular cytotoxicity, and apoptosis.1,3 The success and
efficiency in treatment for this patient population has resulted in
a marked increase of use and application across the field.
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During routine blood bank testing, serum/plasma
samples from patients on DARA exhibit panreactivity across
varying methods of antibody detection and identification,
preventing blood banks from providing crossmatchcompatible red blood cell (RBC) units in a timely manner.
With the increase in use of DARA, blood banks are sending
increased numbers of these patient samples for antibody
detection and identification to immunohematology reference
laboratories (IRLs), causing delays in providing compatible
RBC units and additional cost.
DARA binds with CD38 located on the reagent RBC
membrane.2 Chapuy et al.2 reported that 0.2 M dithiothreitol
(DTT) treatment of reagent RBCs can remove interference
from DARA by disrupting the structure of the antigen. The
DTT treatment then allows for the identification of underlying
clinically significant antibodies.
DTT treatment of reagent RBCs requires precise technical
detail and is also very labor-intensive. Current practice is
to DTT-treat a few drops of the reagent RBCs required for
patient testing. This practice uses at least 40–60 minutes of
technologist time every time a sample from a patient on DARA
is encountered, in addition to the screening, identification, and
crossmatch testing that may be required. Each batch of treated
RBCs also requires the use of quality control to ensure that the
denaturation process has been successful. It is recommended
to obtain the patient’s RBC antigen phenotype or genotype
prior to DARA use, but this testing is neither guaranteed nor
accessible by all facilities.
Although the use of DTT-treated RBCs is recommended
for testing current patients on DARA, the literature provides
little information about the stability of the common RBC
antigens when DTT-treated RBCs are stored. DTT-treated
RBC panels are not commercially available. We investigated
the stability of common clinically significant antigens on
DTT-treated commercial panels by tube method with both
commercial and human-source antisera. With these data, both
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transfusion services and IRLs will have the necessary storage
information for DTT-treated RBCs and their antigen stability.
Materials and Methods
DTT Preparation
One gram of DTT (Cleland’s Reagent; Sigma-Aldrich,
St. Louis, MO) is dissolved in 32.4 mL phosphate-buffered
saline (PBS; Sigma-Aldrich) with a pH of 7.3. The DTT-toPBS ratio may be adjusted depending on the desired volume
of 0.2 M DTT.4
DTT Treatment
Two 11-cell panels (Panocell-10; Immucor, Norcross, GA)
were DTT-treated. Each panel cell was placed into a labeled
glass 12 × 75 mm test tube. Tubes were washed once with
normal saline using a manual method. Four volumes of 0.2 M
DTT were added to 1 volume of washed packed RBCs. The
mixture was gently shaken, re-suspended, and incubated at
37°C for 30–45 minutes in a dry heat block. After incubation,
the DTT-treated RBCs were washed four times manually with
normal saline.
After the last wash, the DTT-treated RBCs were split into
three sets of 11 donor RBCs for evaluation. All panels were
DTT-treated at the same time and then separated into their
designated testing sets. The DTT treatment was verified at
time of treatment using an antigen known to be destroyed by
DTT (Anti-k [Cellano]; Immucor) as the DTT control. Set 1
was reconstituted to a 3–5 percent solution with pH 7.3 PBS
(Lonza, Walkersville, MD). Set 2 was reconstituted to a 3–5
percent solution with pH 7.3 PBS. Set 3 was reconstituted in
an RBC preservative (Alsever’s solution; Sigma-Aldrich).
Antigen Typing
Set 1 DTT-treated RBCs were tested with antisera by
manual tube method. A double-dose RBC, single-dose RBC,
and RBC known negative for the selected antigen were tested
and the results documented daily. Antisera testing included
all common, clinically significant antigens known not to be
affected by DTT treatment (Anti-D Series 4, Anti-C, Anti-c,
Anti-E, Anti-e, Anti-Jka; Anti-Fya, Anti-Fyb; Immucor).
Anti-M and Anti-S were generated via in-house protocols from
human sources at a community blood center. Antigen testing
was performed following package inserts for commercial
antisera. For human-source Anti-S and Anti-M, indirect
antihuman globulin testing was performed using polyethylene
glycol to detect the antigens. Quality control for the humansource antisera and commercial antisera were documented on
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the day of testing. The antigen typing was completed daily on
Set 1 for 14 days for comparison of antigen stability over time.
The antigen testing was performed by the same technologist
each day. The panel was stored in Alsever’s solution at 2°C to
8°C. The panel was manually washed each day with normal
saline and then resuspended in pH 7.3 PBS prior to antigen
testing. Antigen testing was not viewed by a second reviewer;
however, reactions were read and graded according to method
1–9 in the AABB Technical Manual.4
Set 2 DTT-treated RBCs were stored in pH 7.3 PBS. Set 3
DTT-treated RBCs were stored in Alsever’s solution. Set 2 and
Set 3 were visually assessed daily for 14 days for observation
of any indication of hemolysis. All three sets were refrigerated
(2°C to 8°C) between testing.
Results
Reactivity with double-dose RBCs of Set 1 is shown
in Table 1. To demonstrate the stability of the DTT-treated
double-dose RBCs, the number of antigens that maintained
the baseline grade (day 0) at day 14 was compared with grades
at day 1 (Table 2). These data show that there were no antigens
with a grade difference greater than 2. This finding was not
significant (p = 1.0). Reactivity with single-dose RBCs of Set
1 is shown in Table 3. To demonstrate the stability of the DTTtreated RBCs when only a single dose of the antigen being
tested was present, the number of antigens that maintained
the baseline grade (day 0) at day 14 was compared with grades
at day 1 (Table 4). These data show that there were no antigens
with a grade difference greater than 2. This finding was not
significant (p = 1.0).
There were 130 data points for the 10 antigens for each of
the two levels of antigen expression. To understand if there is
a difference between single-dose and double-dose expression,
the breakdown by grade difference compared with baseline is
shown in Table 5. Although there was no statistical difference
in the number of samples with a two-point grade differential
from baseline, the difference for those with a one-grade
differential was significant (p < 0.05). This observation is also
reflected in the overall number of grades that are not equal to
or greater than the baseline.
Rh blood group antigens displayed consistently stronger
reactivity (3+ to 4+) throughout the study (14 days) in
comparison with the other RBC antigens, which displayed
more variation and weaker strengths of 2+ to 4+ (averaging 2+
to 3+). Nevertheless, following DTT treatment over 14 days, all
antigen reactivity remained at a strength of 2+ or greater, with
both amounts of antigen expression on the panel of RBCs. This
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Table 1. Set 1: Reactivity with DTT-treated double-dose RBCs
Day of testing
Antisera

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

D

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

C

3+

3+

3+

3+

3+

4+

3+

3+

3+

3+

3+

3+

3+

3+

3+

c

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

E

4+

4+

4+

4+

3+

4+

4+

4+

4+

3+

4+

4+

4+

4+

4+

e

3+

4+

4+

4+

4+

3+

3+

3+

3+

3+

3+

3+

3+

2+

3+

Fya

4+

3+

3+

3+

2+

3+

2+

2+

3+

2+

3+

2+

3+

3+

3+

Fyb

3+

3+

2+

3+

2+

3+

2+

2+

3+

2+

2+

2+

3+

2+

2+

Jka

4+

3+

3+

3+

3+

3+

2+

2+

2+

3+

3+

3+

3+

2+

2+

M

4+

4+

3+

4+

4+

3+

3+

3+

3+

4+

3+

3+

3+

4+

3+

S

3+

3+

2+

2+

2+

2+

2+

2+

3+

2+

3+

3+

3+

2+

2+

DTT = dithiothreitol; RBCs = red blood cells.

finding suggests that the antigens tested are stable following
DTT treatment when stored in Alsever’s solution for up to 14
days. Further studies with a larger sample volume to include
additional sources of antisera and RBCs of varied phenotypes
and varied testing platforms will be needed to confirm this
observation.
Aliquot Sets 2 and 3 were only monitored for hemolysis
notation. On day 3, Set 2, which contained cells stored in
PBS, displayed slight hemolysis (Fig. 1). By day 8, complete

Table 2. Set 1: Day 1 and day 14 reactivity comparison with
baseline (day 0) on DTT-treated double-dose RBCs
Number of antigens
Reactivity

Day 1

Day 14

p

≥ baseline

8/10

5/10

0.35 (ns)

± 1 grade

10/10

9/10

1.0 (ns)

± 2 grades

10/10

10/10

1.0 (ns)

DTT = dithiothreitol; RBCs = red blood cells; ns = not significant.

Table 3. Set 1: Reactivity with DTT-treated single-dose RBCs
Day of testing
Antisera

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

D

4+

4+

4+

4+

4+

4+

4+

4+

3+

4+

4+

4+

4+

4+

4+

C

3+

3+

3+

2+

3+

3+

3+

3+

2+

3+

3+

3+

3+

3+

3+

c

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

4+

3+

4+

4+

4+

E

4+

4+

4+

4+

3+

4+

3+

3+

3+

3+

3+

3+

4+

3+

4+

e

4+

4+

3+

4+

3+

3+

3+

3+

3+

3+

3+

3+

3+

2+

3+

Fya

3+

2+

3+

2+

2+

3+

2+

2+

2+

2+

3+

2+

2+

2+

3+

Fyb

3+

3+

2+

3+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

Jka

3+

2+

2+

3+

3+

3+

2+

2+

2+

2+

2+

3+

3+

3+

2+

M

4+

3+

3+

3+

4+

2+

3+

3+

3+

3+

2+

2+

3+

3+

2+

S

3+

2+

2+

2+

2+

2+

2+

2+

3+

2+

2+

3+

2+

2+

2+

DTT = dithiothreitol; RBCs = red blood cells.

Table 4. Set 1: Day 1 and day 14 reactivity comparison with
baseline (day 0) on DTT-treated single-dose RBCs

Table 5. Comparison of antigen dosage effect on reactivity
changes from baseline
Number of antigens

Number of antigens
N

≥ baseline
grade

1 grade
< baseline

2 grades
< baseline

≥ 3 grades
< baseline

130

72

48

10

0

Reactivity

Day 1

Day 14

p

≥ baseline

6/10

5/10

1.0 (ns)

Double-dose

± 1 grade

10/10

9/10

1.0 (ns)

Single-dose

130

51*

74*

5

0

± 2 grades

10/10

10/10

1.0 (ns)

Total

260

123

122

15

0

DTT = dithiothreitol; RBCs = red blood cells; ns = not significant.
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*p < 0.05 for comparison with double-dose reactivity.
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Fig. 1 Set 2 (right), Set 3 (left): On day 3, Set 2 (which contained
cells stored in phosphate-buffered saline) displayed slight hemolysis.

Fig. 2 Set 2 (right) Set 3 (left): By day 8, complete hemolysis was
seen in Set 2.

hemolysis was seen in Set 2 (Fig. 2). Aliquots of Set 3, which
contained cells stored in Alsever’s solution, showed no
hemolysis throughout the 14-day investigation.

Commercial monoclonal and polyclonal antisera, as
well as human-source antibodies, were used in this study. A
variation in the source of antisera, however, did not suggest a
significant difference in reaction strengths over time. Anti-Jkb
was not used because it was unavailable at the start of testing.
All antigen reactivity remained 2+ or greater following DTT
treatment for the remaining 14 days when stored in Alsever’s
solution.
Both single-dose and double-dose antigens displayed no
significant change in stability over the 14-day time frame. This
study suggests the ability to DTT-treat a large volume of RBCs
and store them for later use. This practice would be beneficial
to laboratories that receive samples from patients on DARA
while also using the RBCs to resolve other complex antibody
cases. This practice is not limited to the patient population
being treated with DARA. When using DTT-treated RBCs,
one must remember that Kell and Lutheran blood group
antigens are destroyed5,6; a policy would be needed by each
facility defining how to include and/or exclude their respective
antibodies.

Discussion
There is a significant need to establish the antigen
stability of DTT-treated RBCs to support laboratory efficiency.
Antibody workups on patients taking DARA are becoming
more common in IRLs and are time-consuming procedures
requiring advanced technical skills. Some transfusion services
are also considering the idea of bringing this work in-house.
This study shows the ability to DTT-treat panel RBCs and to
store them in Alsever’s solution for up to 14 days; this would
save institutions tech time, resources, and money.
Fung et al.4 document the use of PBS with an 8.0 pH. In our
study, the use of PBS with a pH of 7.3 was used. This decision
was made based on the notation on the package insert stating
that PBS pH of 6.5–7.5 should be used for antigen typing.

108

I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

Stability of RBC antigens after treatment with DTT

This study was conducted monitoring antigen strength
and hemolysis. It was not performed on multiple occasions.
One set of panel cells was monitored for the 14-day time frame.
Strengths with other donors may vary.
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Case R ep ort

A LU:−16 individual with antibodies
C. Éthier, C. Parent, A.-S. Lemay, N. Baillargeon, G. Laflamme, J. Lavoie, J. Perreault, and M. St-Louis

Antibodies against Lutheran blood group antigens have been
observed during first-time pregnancy. Samples from a woman of
African descent were tested in our immunohematology laboratory
on several occasions since 2001. Her samples were phenotyped
as Lu(a+b−), and anti-Lub was suspected but not identified. She
was asked to make autologous donations in preparation for her
delivery, which she did. In 2010, two antibodies were identified:
anti-Lea and -Lub. Six years later, a third investigation was
requested. This time, an antibody directed at a high-prevalence
Lutheran antigen was found in addition to the anti-Lea and -Lub
previously observed. Her serum was compatible with three
out of five Lu(a−b−) reagent red blood cells (RBCs). One of the
incompatible Lu(a−b−) reagent RBCs was known to be In(Lu)
(KLF1 mutation). The genetic background of the other reagent
RBC was unknown. The LU cDNA sequence analysis revealed the
presence of the c.230G>A (Lua), c.679C>T (LU:–16), and a silent
polymorphism c.1227G>T. Anti-Lu16 was highly suspected. This
would be the fifth case of LU:–16 with antibodies reported, all
within women of African heritage with the Lu(a+b−) phenotype.
Hemolytic disease of the fetus and newborn was not noted in
these cases. Immunohematology 2017;33:110–113.

was similar in all three women as well as when tested with
Lu(a−b−) cells of the dominant and recessive types. However,
the antibody produced by these three women was different
from those previously identified. Anti-Lu16 was proposed.
A fourth example was published more recently by
Denomme et al.12 in 2010. It was the case of a young woman of
African heritage in her first pregnancy. Her RBCs phenotyped
as Lu(a+b−). Anti-Lub was found as well as a second antibody
against a high-prevalence Lutheran antigen. This patient was
found to be homozygous for the c.679C>T (p.Arg227Cys)
polymorphism in exon 6 encoding the LU:–16 phenotype. The
neonatal outcome of this pregnancy was not associated with
any incident.
We here report a fifth LU:–16 case similar to the first four
already described.

Key Words: Lutheran, high-prevalence antigen, African,
pregnancy

Samples from a woman of African descent born in
1978 were referred for antibody identification during three
pregnancies starting in 2001. A fourth sample followed in 2013
and a fifth in 2016. The patient had a total of six pregnancies
in 1999, 2001, 2003, 2010, 2013, and 2016. Her phenotype
was the following: group A2B; D+ C− E+ c+ e+ Cw−; M+ N+
S− s+; Le(a−b−); K− Kp(a–); Fy(a−b−); Jk(a+b−); Lu(a+b−).
Reagents were from Ortho Clinical Diagnostics (Raritan, NJ),
Dominion Biologicals (Dartmouth, Nova Scotia, Canada), BioRad (Montreal, Quebec, Canada), and Lorne (Lower Early,
UK).

Lutheran antigens (blood group system ISBT 006)
are carried on type I integral membrane glycoproteins,
members of the immunoglobulin super family. According to
the International Society of Blood Transfusion (ISBT) Web
site, this blood group system comprises 24 antigens.1 Two
additional antigens were presented at the 2016 ISBT meeting
in Dubai (LUAC and LUBI).2 Most Lutheran antigens are of
high prevalence. Only four allelic and polymorphic pairs have
been found so far: Lua/Lub, Aua/Aub, Lu6/Lu9, and Lu8/Lu14.3
The gene encoding the Lutheran antigens, LU, spans
12.5 kb, contains 15 exons (14 of which are involved in
the coding part) for the shortest transcript, and is located
on chromosome 19q13.32 (Unigene NP_005572.2). The
molecular basis involved in expression or absence of the
Lutheran antigens has been elucidated over the years.4–10
In 1980, Sabo et al.11 presented three cases of Lu(a+b−)
women of African descent in whom anti-Lub was found
along with another antibody against a high-prevalence
antigen believed to be in the Lutheran system. This antibody
110

Case Report

First Investigation, 2001 (Second Pregnancy)
Two samples were received in 2001: one in March and one
in April. The patient was 22 weeks pregnant at the time the
first sample was received. The hospital results showed a weak
reaction with Lu(a+b+) reagent RBCs tested in gel at 37°C.
The results obtained by an immunohematology reference
laboratory (IRL) showed no reactivity with three different
Lu(a+b−) reagent RBCs in a polyethylene glycol indirect
antiglobulin test (PEG-IAT; Immucor, Norcross, GA) and in
gel at 37°C (MTS, Ortho Clinical Diagnostics) and showed
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017
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positive reactivity with all Lu(a−b+) panel cells in PEG-IAT.
All reactions were negative at 4°C; auto control was negative.
Titers performed in PEG with Lu(a+b+) reagent and with fresh
RBCs were 1 and 128, respectively.
The report sent to the hospital mentioned high-titer, lowavidity (HTLA) reactivity, and anti-Lub could not be ruled
out. Because the patient had a rare blood phenotype, she was
encouraged to make autologous donations in preparation for
her delivery. These donations were made in July.
Second Investigation, 2010 (Fourth Pregnancy)
Hospital results on samples submitted in 2010 during
her fourth pregnancy showed weak to 1+ panagglutination
with two commercial panels (Immucor). The auto control was
negative. The IRL tested cells in different media: gel–lowionic-strength saline (LISS) (Diagast, Loos, France), gel-ficin
(Sigma-Aldrich, Oakville, Ontario, Canada), gel-dithiothreitol
(DTT) (Sigma-Aldrich), and gel-trypsin, (Sigma-Aldrich).
Reactions varied from weak to 2½+, except in gel-trypsin
where reactions were weaker. Auto controls were negative. No
reactions were seen with nine Lu(a+b−) reagent RBCs, and
a 2½+ reaction was observed with three Le(a+b−) Lu(a+b−)
reagent RBCs.
In-house polymerase chain reaction–sequence specific
primer (PCR-SSP) analyses were performed to confirm the
Duffy phenotype (c.125G>A for FY*01/FY*02 and c.−67T>C
for FY*01N.01). A polymorphism was found at the GATA-1
binding site at position –67 within the FY gene causing the
Fy(a−b−) phenotype.
The report sent to the hospital mentioned two antibodies:
anti-Lea and -Lub. The “HTLA” reactivity could not be found.
Third Investigation, 2016 (Sixth Pregnancy)
Two samples were sent to the IRL in 2016 during the
patient’s sixth pregnancy: one in March and one in June
(Table 1). The March sample showed 1½+ to 2+ reactivity
with five Lu(a+b−) reagent RBCs in gel-LISS and gel-papain
(Immucor), 2+ to 2½+ reactivity with two Lu(a+b−) reagent
RBCs in gel-DTT, and no reactivity with two Lu(a+b−) reagent
RBCs in gel-trypsin. The auto control was negative in all of the
media tested. No reaction was observed after alloadsorption
onto Lu(a−b+) RBCs.
Testing with cord blood samples showed no reactivity
with one of the cells; adult cells were reactive 1+ in saline at
22°C. One cord blood sample was negative in gel-LISS, and
one showed very weak reactivity.
Testing with two Lu(a−b−) cell samples showed no
reactivity with one sample in gel-LISS and gel-papain. The
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Table 1. Third serology study summary done in 2016
Reactivity

Red blood cells
Phenotype

Source/Donor #

Method

March sample

June sample

15-cell in-house
panel

Gel LISS

1½+ to 2½+

2½+ to 3+

Gel papain

w+ to 2½+

2½+ to 3+

C5147

04 10 486280

Group O,
Lu(a+b–)
04 10 492148

03 11 650893

Group A,
Lu(a+b–)

04 13 792604

03 11 870278

03 10 297468*

09 012795

Group O,
Lu(a–b–)

06 12 000021

06 12 000189

06 12 001623

Alloadsorptions
onto three
Lu(a–b+) cells
(D1, D2, D3)

Gel LISS

1½+ to 2+

NT

Gel papain

1½+ to 2+

NT

Gel LISS

1½+ to 2+

NT

Gel papain

1½+ to 2+

NT

DTT

2+ to 2½+

NT

Gel trypsin

0

NT

Gel LISS

1½+ to 2+

NT

Gel papain

1½+ to 2+

NT

DTT

2+ to 2½+

NT

Gel trypsin

0

NT

Gel LISS

1½+

3+

Gel papain

1½+

3+

Gel LISS

1½+

NT

Gel papain

1½+

NT

Gel LISS

NT

3+

Gel papain

NT

3+

Gel LISS

vw+

NT

Gel papain

2+

NT

Gel LISS

0

NT

Gel papain

0

NT

Gel LISS

NT

0

Gel papain

NT

0

Gel LISS

NT

0

Gel papain

NT

0

Gel LISS

NT

1+

Gel papain

NT

1+

Gel LISS

0

NT

Gel papain

0

NT

*03 10 297468: In(Lu) phenotype. This individual was found heterozygous
for KLF1 c.874A>T (KLF1*BGM04). Unknown genetic background for the
other Lu(a−b−) cells tested.
LISS = low-ionic-strength saline; w = weak; NT = not tested;
DDT = dithiothreitol; vw = very weak.

second cell sample was very weakly reactive in gel-LISS and
2+ in gel-papain (Table 1).
Serum adsorbed with rabbit erythrocyte stroma (RESt,
Immucor) was tested with two group A, Lu(a+b−) cell samples
in gel-papain with negative reactions and with two group O
Lu(a+b−) cell samples in gel-papain in which one of the two
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samples gave a negative reaction. RESt is known to adsorb
cold-reactive autoagglutinins, anti-B, -P, and some monoclonal
IgM alloantibodies.13 The initial report sent to the hospital
mentioned the presence of anti-Lub and a cold agglutinin.
In-house PCR–restriction fragment length polymorphism
analyses predicted the following Knops phenotype: Kn(a+b−),
McC(a+b+), Sl1/Sl2, Yka+. LU and KFL1 mRNA were sequenced.
The LU sequence showed three homozygous polymorphisms:
c.230G>A (p.Arg77His), c.679C>T (p.Arg227Cys), and
c.1227G>T (p.Leu409Leu), encoding a LU:1,–2,–16 phenotype.
The KLF1 sequence showed two novel heterozygous
polymorphisms: c.544T>C (p.Phe182Leu) and c.894G>T
(p.Ala298Ala).
The second sample, received a few months later, showed
stronger reactions (2½+ to 3+) in gel-LISS and gel-papain even
with Lu(a+b−) reagent RBCs. Auto controls were negative. No
reactions were seen with two of three Lu(a−b−) reagent RBCs.
A new report was sent to the hospital stating a known
anti-Lub and a suspected anti-Lu16.
Discussion
The five LU:–16 cases reported until now have been women
of African heritage with a Lu(a+b−) phenotype. According
to Reid et al.,3 these individuals should be transfused with
Lu(a−b−) of either dominant [KLF1 heterozygous mutation or
In(Lu)] or recessive types (true Lunull). Our results, however,
showed an incompatibility with two of the five Lu(a−b−)
reagent RBC samples tested. Blood should be carefully selected
before transfusion.
The Erythrogene database14 shows the highest LU*01
allele frequency in those of African descent at 0.76 percent
and a frequency of 0.14 percent in Caucasians, for a mean
allele frequency of 0.22 percent. It also indicates the presence
of LU*01.–16 allele in 0.61 percent of individuals of African
origin. The KLF1 polymorphism c.544T>C (p.Phe182Leu)
found in this study was listed in the Erythrogene database in
association with other polymorphisms different from the one
found in this case [c.894G>T (p.Ala298Ala)]. It is difficult to
conclude whether this patient’s polymorphism would have an
effect on the expression of the Lutheran or other blood group
antigens, since her Lua typing was normal.
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Most Lu(a−b−) cells tested were from the Serum,
Cells, and Rare Fluids Exchange (SCARF) without genetic
background details, except one known to have a KLF1
c.874A>T heterozygous polymorphism causing a dominant
In(Lu) (p.Lys292Ter, KLF1*BGM04).15 In such a phenotype,
Lutheran antigens are weakly expressed and could explain the
reactions seen. These cells were not tested with other Lutheran
antibodies, however.
This case was referred to us for antibody identification
during three pregnancies. Several antibodies were found
without any adverse effects on the neonates.
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Case R ep ort

Postpartum acute hemolytic transfusion
reactions associated with anti-Lea in two
pregnancies complicated by preeclampsia
M. Marchese

Lewis blood group antibodies, which are mostly naturally
occurring and considered clinically insignificant, have rarely been
documented as a cause of acute hemolytic transfusion reactions
(AHTRs). This report presents two cases of AHTRs caused by
anti-Lea occurring in postpartum black females (one group B, one
group AB) whose pregnancies were complicated by preeclampsia.
Neither anti-Lea was detected by automated solid-phase red cell
adherence technology in pre-transfusion testing. Therefore, red
blood cell units, compatible by electronic crossmatch, were issued
and transfused. The subsequent transfusion reactions were
characterized by acute intravascular hemolysis, evidenced by
both clinical and laboratory criteria. These two cases demonstrate
that, even when least anticipated, hemolytic transfusion reactions
may occur. As expected, neither live-born neonate was affected
by hemolytic disease of the fetus and newborn. Because both
transfusion reactions occurred in non–group O, postpartum
black females with pregnancies complicated by preeclampsia,
possible links between in vivo hemolytic anti-Lea, non–group O
pregnant black females, and preeclampsia may require additional
investigation. Immunohematology 2017;33:114–118.

Key Words: anti-Le , hemolytic, transfusion reaction,
preeclampsia, pregnancy
a

Lewis blood group antibodies are very common in
antenatal women and may be a result of the reduced Lewis
antigen expression on the red blood cells (RBCs) that occurs
during pregnancy.1 This decreased antigen expression of Lea
and Leb, resulting in the Le(a–b–) phenotype, is thought to be
caused by increased lipoprotein levels.2 The genetic Le(a–b–)
phenotype is also much more common in black individuals.3
Antibodies directed against Lea and Leb are mostly naturally
occurring, usually of the IgM isotype, and typically clinically
insignificant.3 Very few examples of acute hemolytic
transfusion reactions (AHTRs) or delayed hemolytic
transfusion reactions (DHTRs) caused by Lewis antibodies
have been reported in the literature: a patient with chronic
lymphocytic leukemia and anti-Lea,4 a patient with
postpartum nephrectomy for a carcinoma and anti-Leb,5 a
patient with ischemic colitis and diverticulitis and anti-LebH,6
and a patient with sickle cell trait at 38 weeks of gestation
with pyelonephritis and urosepsis and anti-Lea.7 There are no
114

reported cases in recent literature of AHTRs caused by antiLea occurring in preeclamptic women during the antepartum
or postpartum period.
Preeclampsia is a pregnancy condition that presents
with hypertension and proteinuria. Severe preeclampsia is
characterized by systolic blood pressure (BP) of 160 mmHg,
diastolic BP of 110 mmHg, proteinuria (>2 g/24 hours or 3+
proteinuria on a dipstick), and liver function tests that are two
times the normal values.8 There are two types of preeclampsia:
early-onset and late-onset. Most preeclampsia presents as
late-onset (occurring after 34 weeks gestation9). Early-onset
preeclampsia occurs at less than 33 weeks of gestation and has
a higher mortality rate for both mother and neonate.9
Case Reports
The two patients presented in this report were both
black females whose pregnancies were complicated by severe
preeclampsia. One patient delivered at 37.1 weeks, and the
other delivered at 28.7 weeks of gestation. Both patients
had moderately severe, symptomatic, postpartum anemia
requiring blood component support. Their antibody detection
tests were negative, and they were therefore transfused with
RBCs compatible by electronic crossmatch. Both patients
suffered AHTRs as a result of anti-Lea. The possible roles of
both preeclampsia and race should be considered in these two
cases of AHTRs associated with an RBC alloantibody rarely
considered clinically significant.
Patient 1
A pregnant 20-year-old black woman, gravida 2, para 1,
with sickle cell trait, was admitted to the hospital with elevated
BP requiring intravenous hypertensives. She was diagnosed
with severe preeclampsia and anemia with a hemoglobin
(Hb) of 6.6 g/dL (normal range 12.0 –16.0 g/dL). Labor was
induced, and she delivered a live-born infant at 37.1 weeks
of gestation. Pre-transfusion testing showed a blood type of
group B, D+ and a negative antibody detection test by solidI M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017
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phase red cell adherence (SPRCA). Four units of RBCs were
selected for transfusion by electronic crossmatch. Post-delivery,
her Hb was 6.4 g/dL, and 2 units of RBCs were transfused
without incident. Transfusion of the third unit of RBCs was
started, and the patient immediately experienced nausea
and lower back pain. The transfusion was discontinued after
20 mL was infused. The symptoms resolved within 3 hours
without treatment. A transfusion reaction workup revealed
no hemolysis and a negative direct antiglobulin test (DAT).
No additional testing was performed. Approximately 4 hours
later, a fourth unit of RBCs was started, and after 160 mL was
infused, the patient experienced chills and a temperature rise
from 98.9°F pre-transfusion to 100.2°F. Her pulse increased
from 94 beats per minute (bpm) pre-transfusion to 109 bpm.
The transfusion was discontinued. The post-transfusion
sample showed hemolysis, a weakly positive DAT with antiC3b,-C3d only, and a negative antibody detection test by
SPRCA. The urine was reported as tea-colored.
Patient 2
A pregnant 23-year-old black woman, gravida 1, para 1,
had experienced seizures at home and was brought to another
hospital with a BP of 169/69 mmHg (normal in pregnancy:
<140/<90 mmHg). She was transferred and admitted to our
hospital and diagnosed with eclampsia, hemolysis, elevated
liver enzymes, and low platelet count (HELLP) syndrome,
and severe thrombocytopenia. She underwent a caesarean
section and delivered a live-born infant at 28 weeks, 5 days,
of gestation. Pre-transfusion testing showed a blood type
of group AB, D+ and a negative antibody detection test by
SPRCA. Three units of apheresis platelets were transfused on
the day of admission, and 2 units of platelets were transfused 3
days postpartum. An antibody screen performed by SPRCA at
3 days postpartum was negative. Four days post-delivery, the
patient’s Hb had decreased from 10.8 g/dL pre-delivery to 6.9
g/dL. One unit of RBCs, compatible by electronic crossmatch,
was transfused. One hour after the transfusion was initiated,
the patient experienced chills, rigors, tachypnea, tachycardia,
and chest tightness. Her pulse increased from 113 bpm
pre-transfusion to 140 to 150 bpm, and her BP increased
from 140/84 mmHg pre-transfusion to 162/92 mmHg. The
transfusion was discontinued. The patient was treated with
acetaminophen and diphenhydramine, and her symptoms
improved. A transfusion reaction workup revealed hemolysis
in the post-transfusion sample.
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Materials and Methods
RBC testing for ABO, Rh, and Lewis antigens was
performed using reagents (Immucor, Norcross, GA) and
supplies in accordance with manufacturers’ instructions
and our standard operating procedures. Pre-transfusion
automated antibody detection [Capture-R Ready-Screen (3);
Immucor] was performed using an automated SPRCA assay
platform (Galileo Echo; Immucor).
Post-transfusion reaction testing included the tubemethod DAT with Anti-IgG,-C3d; Polyspecific (Immucor),
Anti-IgG (Immucor), and Anti-C3b,-C3d (Immucor). Serologic
crossmatches, using patient plasma and donor RBCs, were
performed using the tube method at immediate spin (IS),
incubation at 37°C with a low-ionic-strength saline (LISS)
(ImmuAdd; Immucor), and Anti-IgG in accordance with
standard blood bank procedures.3 Antibody detection using
Panoscreen I and II (Immucor) and antibody identification
was performed using the traditional tube method3 with patient
plasma and reagent RBCs at IS, 37°C/LISS, and anti-IgG antihuman globulin (AHG) phases.
Results
Both patients had negative pre-transfusion antibody
detection tests by the SPRCA assay so both were candidates
for the electronic crossmatch. Both patients were transfused
with electronically crossmatched RBCs, and both experienced
an AHTR. Post-transfusion reaction testing revealed anti-Lea
in pre-transfusion and post-transfusion samples from both
patients. The anti-Lea was detected at IS, 37°C/LISS, and
AHG phases of antibody detection and identification tests and
crossmatches.
Demographic, clinical, and serologic features of these two
cases are summarized in Table 1.
Discussion
Antibodies to RBC antigens may be detected serologically,
pre-transfusion or post-transfusion, by routine antibody
detection methods, compatibility (crossmatch) testing, and
DAT. Detection of antibodies is dependent on the different
methods used in the blood bank such as gel, SPRCA, and tube
testing using albumin, LISS, or polyethylene glycol (PEG).
A negative indirect antiglobulin test (IAT) for antibody
detection and the use of electronic crossmatches for
compatibility do not guarantee in vivo compatibility between
patient plasma and donor RBCs, even if a patient has never
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Table 1. Patient demographics and pre- and post-transfusion clinical and laboratory results
Index

Patient 1

Patient 2

20

23

Age, years
Race
Conditions

Black

Black

Severe preeclampsia
Sickle cell trait
High BP (requiring IV antihypertensives)
Anemia (antipartum Hb 6.6 g/dL)

Eclampsia
Thrombocytopenia
HELLP Syndrome

37.1 weeks (labor induced)

28.7 weeks (elective caesarean section)

Gravida 2, para 1

Gravida 1, para 1

6.4

6.9

Group B, D+

Group AB, D+

Negative

Negative

Compatible

Compatible

2 RBCs (Units #1 and #2)

3 PLTs

Gestational age at delivery
Gravid status
Hb, g/dL (postpartum pretransfusion)
Serology—Pre-transfusion
ABO/D
Antibody detection test (SPRCA on
Echo platform)
Crossmatches (electronic)
Transfusions
Day of delivery
PP Day 1

1 RBC (Unit #3)

PP Day 2

1 RBC (Unit #4)

PP Day 3

2 PLTs

PP Day 4

1 RBC (Unit #1)

Transfusion Reaction Symptoms
Symptoms
Transfusion discontinued
Treatment
Transfusion Reaction Workups
Patient plasma

RBC Unit #3

RBC Unit #4

RBC Unit #1

Immediate nausea and back pain

Chills and fever

Chills, rigors, tachypnea
Tachycardia and chest tightness

After infusion of 20 mL

After infusion of 160 mL

Within 1 hour

Symptoms resolved without further
treatment

NP

Symptoms resolved with acetaminophen
and diphenhydramine treatment

RBC Unit #3

RBC Unit #4

RBC Unit #1

No hemolysis

Visual hemolysis

Visual hemolysis

Patient DAT

Negative

W+ with anti-C3b,-C3d

Negative

Patient urine

NP

Tea-colored

NP

Patient Ab detection test

NP

NP

Negative by SPRCA

Laboratory testing

NP

NP

Post-transfusion LDH peaked at 2031 IU/L
from pre-transfusion of 573–1027 IU/L
Haptoglobin remained <30 mg/dL for 5
days post-transfusion

Additional Testing/Findings

Patient 1

Patient 2

Antibody identification

Nonspecific cold agglutinin, IS only

Anti-Lea identified at IS, 37°C, and AHG
(anti-IgG) phases with all Le(a+b–) RBCs

Serologic XMs

Incompatible at IS and 37°C/LISS
Negative at AHG (anti-IgG)

Incompatible at IS, 37°C, and AHG
(anti-IgG)

Nonspecific cold agglutinin, IS only
Anti-Lea at 37°C/LISS [4 of 4 Le(a+) RBCs]
Anti-Lea at AHG (anti-IgG) [3 of 4 Le(a+) RBCs]

Anti-Lea identified at IS, 37°C, and AHG
(anti-IgG) phases with all Le(a+b–) RBCs

Incompatible at IS and 37°C/LISS
Negative at AHG (anti-IgG)

Incompatible at IS, 37°C, and AHG
(anti-IgG)

RBC Units #1 and #2 phenotyped as Le(a–b+)
RBC Units #3 and #4 phenotyped as Le(a+b–)

RBC Unit #1 phenotyped as Le(a+)

Pre-transfusion sample(s)

Post-transfusion sample
Antibody identification

Serologic XMs
RBC donor unit testing

BP = blood pressure; IV = intravenous; HELLP = hemolysis, elevated liver enzymes, low platelets; Hb = hemoglobin; SPRCA = solid-phase red cell adherence;
RBCs = red blood cells: PLTs = apheresis platelets; PP = postpartum; NP = not provided; DAT = direct antiglobulin test; Ab = antibody; LDH = lactate
dehydrogenase; IS = immediate spin; XM = crossmatch; AHG = antihuman globulin; LISS = low-ionic-strength saline.
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been transfused. Naturally occurring antibodies, not detected
in an IAT, can result in an AHTR.
Antibodies to Lewis blood group antigens are usually
naturally occurring, cold-reacting, of the IgM isotype, and
are considered clinically insignificant.3 Anti-Lea, however, is
one of the few antibodies that is associated with intravascular
hemolysis that occurs because of complement activation,
usually associated with IgM-class antibodies.10 Common
antibodies known to cause intravascular hemolysis are anti-A
and anti-B, as well as anti-Jka, -Jkb, -Vel, -PP1Pk, -Lea,10 -IH,
-Ge, -AnWj, and -Dia.8 Intravascular hemolysis can destroy
approximately 1 unit of RBCs per hour, which can result in
patient death.10
AHTRs caused by Lewis antibodies are extremely rare,
and very few have been reported in the literature. In 2013, a
patient with chronic lymphocytic leukemia was reported to
have had an AHTR caused by anti-Lea that was reactive using
direct agglutination at a “strictly controlled temperature of
37°C.” Pre-transfusion testing had shown a negative antibody
detection test and crossmatch, both with gel (37°C/IAT).4
In 2015, an AHTR was reported due to anti-Leb in a group
B, D+ postpartum black woman with no previous history of
transfusion who underwent a nephrectomy for a carcinoma.
This patient’s plasma reacted with the B reagent RBCs in
the reverse type. This antibody was considered to be a cold
antibody. The antibody detection test using SPRCA was
negative, and electronic crossmatches were performed. AntiLeb was identified in the pre-transfusion and post-transfusion
reaction samples. An immunohematology reference laboratory
confirmed that the anti-Leb reacted in all phases by LISS and
PEG, and in the AHG phase using the gel method.5 In 1987,
a DHTR, as a result of anti-LebH, was reported. In this case,
the first DHTR occurred 12 days post-transfusion but was not
reported to the blood bank. A few days later, pre-transfusion
testing revealed anti-LebH, anti-E, and a possible anti-K. The
patient was transfused with E–, K–, crossmatch-compatible
RBCs that were not tested for Lewis antigens. After transfusion
with a Le(b+) unit of RBCs that was E–, K–, the patient had
severe, immediate hemolysis.6
The cases reported here showed intravascular hemolytic
transfusion reactions due to anti-Lea after negative pretransfusion antibody detection tests by SPRCA and
compatible blood by electronic crossmatch only. The pretransfusion and post-transfusion reaction samples for both
patients using the tube method demonstrated incompatible
serologic crossmatches at immediate spin and 37°C/LISS. The
crossmatch for Patient 2 was also incompatible at the AHG
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phase with both the pre-transfusion and post-transfusion
reaction samples by tube method.
Both neonates were unaffected. They were not anemic,
and both had Hb levels greater than or equal to 16 g/dL
(normal 13.5–19.5 g/dL) at birth. One neonate (Patient 2) was
diagnosed with neonatal jaundice associated with preterm
delivery. This neonate’s total bilirubin was 3.5 mg/dL (normal
<11.6 mg/dL) at birth. The other neonate (Patient 1) had a
total bilirubin of 5.2 mg/dL on the second day of life. DATs
were not performed. Because cord RBCs are not agglutinated
by anti-Lea or anti-Leb,11 neonates are considered Le(a–b–). A
study of seven perinatal women with Lewis antibodies showed
no evidence of hemolytic disease of the fetus and newborn.12
This finding was attributed to lack of Lewis antigen on the
neonates’ RBCs and the fact that Lewis antibodies are of the
IgM isotype, which does not cross the placenta.
In general, transfusion services attempt to avoid detecting
naturally occurring, non–clinically significant, IgM antibodies,
reacting in vitro at temperatures below 37°C. In vitro antibody
reactivity at 37°C or at the AHG phase of testing usually is an
indication of clinical significance.13 Lewis antibodies, except
in rare instances, belong in the category of non–clinically
significant, naturally occurring antibodies and are usually
of the IgM isotype, although an IgG component may be
present.13 The antibodies in the Lewis system usually react
at temperatures less than 37°C. Without gentle resuspension,
fragile agglutination at 37°C may be easily dispersed.3 RBCs
that are crossmatch-compatible at 37°C are not expected to
have decreased survival in vivo.3 Many transfusion services
routinely eliminate the room temperature phase of the IAT
for antibody detection to avoid interference with cold-reacting
antibodies having specificities to M, N, P1, and Lewis antigens.
The Le(a–b–) phenotype is more common in black
individuals (25% in blacks versus 8% in whites).11 In addition,
pregnant women often lose their normally expressed Lewis
antigens and develop naturally occurring antibodies to Lewis
antigens, resulting in a temporary Le(a–b–) phenotype.14 A
study in 1970 showed that about 70.4 percent of individuals
with Lewis antibodies are pregnant women.1 They also
concluded that group O individuals tend to have Lewis
antibodies less often than group A individuals, which the
authors stated was a “well-known fact.” The two index patients
presented in this report were both non–group O, being group
B, D+ and group AB, D+.
Adverse transfusion reactions can occur even in patients
not previously transfused.15 Hemolytic transfusion reactions
(HTRs) can be caused by RBC alloantibodies that are immune,
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naturally occurring, or passively acquired.16 AHTRs can occur
even when least expected. They can be immediate, within the
first minutes of the blood unit infusion, or they can occur up
to a few hours after the transfusion has been completed.8 Most
AHTRs are expected to occur with ABO mismatches, but
HTRs associated with Lewis, IH, Ge, AnWj, and Dia antibodies
have been reported.8 It is important that transfusionists
closely monitor patients during transfusions, adhering to the
required standards of practice. Baseline vital signs should be
taken and documented prior to transfusion. The patient should
be observed for at least the first 15 minutes of the infusion,
with vital signs monitored periodically throughout and at
completion of the transfusion.8 In addition to changes in vital
signs, transfused patients need to be observed for other signs
of transfusion reaction, including any type of pain, chills/
rigors, nausea, and respiratory distress.8 Specific symptoms of
an AHTR may be any of the following: chest pain, abdomen
or back pain, nausea, vomiting, headache, chills, fever,
hematuria, tachycardia, hypotension, and dyspnea.17 Patients
who are awake and alert should be engaged in reporting signs
and symptoms themselves. The blood bank technologist
should also be cognizant of serologic evidence of HTR, such
as unexpected reactivity in antibody detection testing or an
incompatible crossmatch with a post-transfusion sample,
since clinical symptoms are often unnoticed or unreported.
Laboratory evidence of HTR may be free hemoglobin in the
plasma and urine, decreased haptoglobin, increased indirect
bilirubin, increased lactate dehydrogenase, and icterus.17
Common blood bank practice is to avoid detection of
clinically insignificant RBC alloantibodies, which are mostly
of the IgM isotype. The SPRCA assay may decrease detection
of these unwanted antibodies because it uses IgG-coated
indicator cells, which only detect IgG antibodies,11 avoiding the
detection of IgM antibodies. When using SPRCA, the presence
of IgG antibody in the tested plasma is required to detect Lewis
antibodies as well as antibodies to the antigens, P1, M, or N.18
Antibodies of the IgM isotype, however, although considered
non–clinically significant, can cause HTRs. Detection of a
clearly significant anti-Lea that reacted at IS and 37°C was
missed in both patients reported here. Although extremely
unusual and rarely reported in the literature, AHTRs do occur
due to Lewis antibodies. This finding is evidenced by the two
cases presented in this report of black, pregnant, preeclamptic
females whose postpartum courses were complicated by
AHTRs due to anti-Lea. The relationships between race,
pregnancies complicated by preeclampsia, and clinically
significant Lewis antibodies in non–group O individuals are
unclear and warrant further study.
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Red blood cell phenotype prevalence in blood
donors who self-identify as Hispanic
C.A. Sheppard, N.L. Bolen, B. Eades, G. Ochoa-Garay, and M.H. Yazer

Molecular genotyping platforms provide a quick, high-throughput
method for identifying red blood cell units for patients on
extended phenotype-matching protocols, such as those with
sickle cell disease or thalassemia. Most of the antigen prevalence
data reported are for non-Hispanic populations. Therefore,
this study sought to determine the phenotype prevalence in a
single blood center’s Hispanic population and to compare those
results with previously reported rates in non-Hispanic donor
populations. We performed a retrospective review of all serologic
and molecular typing from donors who self-reported as Hispanic.
The phenotype prevalence was reported and compared with rates
from other racial/ethnic groups. A total of 1127 donors who selfidentified as Hispanic were screened by serologic methods for
Rh and Kell antigens, and 326 were subsequently selected for
molecular typing. The most prevalent probable Rh phenotypes
were R1r (26.6%), R1R 2 (21.5%), and R1R1 (20.7%); rr was found in
7.8 percent of donors tested. The percentage of K+ donors in this
population was 2.8 percent. The most prevalent Duffy phenotypes
were Fy(a+b+) (35.9%), Fy(a+b–) (35.6%), and Fy(a–b+) (27%). Of
the donors studied, 15.3 percent had an FY GATA mutation. Only
1.5 percent of the donors were Fy(a–b–). The Jk(a+b+) phenotype
was found in nearly half of the population. M+N+S+s+ was the
most prevalent MNS phenotype from that group, constituting
22.4 percent. A total of 95.7 percent of the donors were Lu(a–b+),
and Di(a–b+) was observed in 94.4 percent. The most prevalent
Dombrock phenotype was Do(a+b+), constituting 46.9 percent,
followed closely by Do(a–b+) at 40.5 percent. Hispanic donor
antigen prevalence is distinctly different from other racial/ethnic
groups and should be considered when attempting to find extended
matched units for these patients. Immunohematology 2017;
33:119–124.

Key Words: phenotype, Hispanic, blood donors
Molecular testing of donors has become an increasingly
common strategy to provide antigen negative units for patients
(1) on chronic transfusion protocols at risk for alloimmunization (e.g., patients with sickle cell disease [SCD]), (2) for whom
a complete serologic evaluation is labor-intensive and timeconsuming (e.g., those with warm autoantibodies), or (3)
requiring immunohematologic evaluations that are logistically
difficult (e.g., recently transfused patients or those with
antibodies for which serologic reagents are not commercially
available). Molecular testing of donors has provided a rapid,
high-throughput method for predicting the donors’ extended
phenotypes.
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Genotyping the entire donor population is not as yet
efficient or economical, however. Requests for antigen-negative
units in the United States come primarily for the treatment of
patients with SCD who are at risk for alloimmunization. Many
blood centers have therefore concentrated their efforts on the
recruitment, collection, and genotyping of black donors who
are more likely to be antigenically similar to patients with
SCD. Thus, many of the reported antigen prevalence rates
are from the African American (or black) and Caucasian (or
white) populations. There are only a few studies that report
antigen prevalence rates for Hispanics.1,2 According to the
2010 U.S. Census, Hispanics constitute 16.3 percent of the
U.S. population—as such, they are the fastest-growing group.
Thus, antigen prevalence rates among this group will likely be
more necessary in the years to come. This report describes
antigen prevalence in a large cohort of donors who self-identify
as Hispanic.
Materials and Methods
This is a retrospective study of serologic and molecular
testing for red blood cell (RBC) antigens in self-identified
Hispanic volunteer blood donors who were tested from 2008 to
2016 at a large regional blood collection center (Virginia Blood
Services [VBS], Richmond, VA). VBS has over 80,000 RBC
donors annually. VBS donors are asked during registration
to self-identify their race/ethnicity, which is recorded on their
health history form. The donor is then asked to confirm the
accuracy of the form at every subsequent donation. Donors
can self-identify as Caucasian/white, African American/
black, Asian, American Indian, Middle Eastern/East Indian,
Hispanic, or other (for donors who self-identify with more
than one choice). There is also an option to leave the race
category blank, although fewer than 0.2 percent of donors
choose this option. From 2008 to the present, approximately
80 percent of these presenting donors self-identified as
Caucasian. In the same time period, donors who self-identified
as African American or black constituted 13–14 percent of the
total. In 2008, only 1 percent of VBS donors self-identified as
Hispanic. In the most recent fiscal year, however, 2.32 percent
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of these presenting donors self-identified as Hispanic. A query
was run in the VBS Laboratory Information System/Blood
Establishment Computer System (LIS/BECS) (Blood Bank
Computer Systems, Inc., Auburn, WA) for units from Hispanic
donors with historic serologic and molecular testing results.
The phenotype prevalence from this query is reported here.
The method for typing donors at the Institute for
Transfusion Medicine Clinical Services Immunohematology
Reference Laboratory (IRL) in Richmond, Virginia, was as
follows (Fig. 1): A daily report was run from the LIS for all
donors who presented that day. First-time, self-identified
black or group O, D+ or O, D– non-Caucasian donors were
selected and screened using a microplate method described
in Immunohematology Methods and Procedures3 using BioRad reagents (Dreieich, Germany) for C, E, c, e, and K. Donors
were selected for genotyping if their serologic testing indicated
them to be K– and R1R1, R2R2, R0r, or rr. DNA was extracted
using QIAcube (QIAGEN, Hilden, Germany). Genotyping
was performed, according to the manufacturer’s instructions,
using human erythrocyte antigen (HEA) BeadChip DNA
array (BioArray/Immucor, Warren, NJ) from 2008 to 2014,
and ID CORE XT (Progenika Biopharma/Grifols, Derio,
Spain) from 2014 to March 2016. The difference between the

1127 Hispanic donors were
screened by microplate*

326 K– and qualifying
Rh† proceeded to
molecular tesing

124 tested with
HEA BeadChip DNA Array

202 tested with
ID CORE XT

891 K+ or non-qualifying
Rh did NOT proceed to
molecular testing

Results are confirmed
and entered into LIS

All discrepancies between
serology and molecular
testing are investigated
and resolved at the time of
testing. Results are entered
into LIS

Fig. 1 Method for obtaining historical antigen data. *Microplate
screening selection: all first-time, hemoglobin S–negative, black
donors, or group O, D+ or O, D– non-Caucasian donors. Initial
serologic screening for C, E, c, and K. Donors who screen as C–,
E+, and c+ are subsequently tested for e. †Qualifying Rh = R0r, R1R1,
R2R2, or rr. HEA = human erythrocyte antigen; LIS = laboratory
information system.
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two platforms is outside the scope of this report because only
antigens tested by both platforms were reported in this study.
The only exception is a small number of donors with RHCE
variants, which were detected by ID Core XT; therefore, we
did describe the variants detected by this assay. Rh phenotype
prevalence rates were calculated from both the serologic result,
for donors who did not qualify for molecular typing (Table 1),
and the molecular result for those who qualified (Table 2). If a
discrepancy between the serology and the molecular results
was identified at the time of testing, it was investigated,
resolved, and recorded in the LIS at that time. Thus, the
data reviewed in this retrospective study will only include
the resolved type. The phenotype prevalence rates from our
Hispanic population are reported in Tables 1 and 2 and are
compared with those listed in the most recent edition of The
Blood Group Antigens Factsbook.4
Results
In total, 1127 unique donors who self-identified as Hispanic
were screened by serology and thus had results reported in the
LIS/BECS. Molecular testing was performed on 326 of these
1127 donors (those who met the qualifications for molecular
typing); specifically, 124 of 326 (38%) donors were typed
using BeadChip DNA array (Immucor), and 202 of 326 (62%)
were typed using ID CORE XT (Progenika Biopharma).
A total of 1127 donors who self-identified as Hispanic were
screened serologically for Rh antigens, and 1125 donors were
also screened for K (2 of the 1127 donors were not screened for
K for unknown reasons, but likely because of a limited amount
of reagent available at the time). The phenotype prevalence of
the antigens in the Rh blood group system and for K is listed in
Table 1. The k (Cellano) antigen phenotype prevalence was not
evaluated because only K– units were selected for molecular
testing.
Several Rh variants were identified among the 202 donors
tested by the ID CORE XT platform. All Rh variant data were
from donors tested using the ID CORE XT (hrB status was
not available with the basic BeadChip assay and was thus not
further investigated unless required for patient care). In 9 of
202 (4.5%) of these donors, the RHCE*ce[733G] allele (c.733G,
c.712A, c.1006G) was identified. Thus, the prevalence of V+ in
this population also was 4.5 percent. Only 1 of the 202 (0.5%)
donors was homozygous for the c.733G single nucleotide
polymorphism (SNP) (predicting V+/VS+) associated with
loss of the high-prevalence hrB antigen; 8 of 202 (4%) were
heterozygous for this variant.
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Table 1. Phenotype prevalence for self-identified Hispanic donors compared with other reported races/ethnicities: results from 1127
donors screened by microplate system*
Percent occurrence†
Phenotype

Hispanic N = 1127 (%)

Caucasian

Black

Asian

R1R1 (R1r')

233 (20.7)

18.5

2.0

51.8

R2R2 (R2r")

50 (4.4)

2.3

0.2

4.4

R1r (R1R0; R0r')

300 (26.6)

34.9

21

8.5

R2r (R2R0; R0r")

123 (10.9)

11.8

18.6

2.5

R0r (R0R0)
R1R2 (R1r"; R2r'; R zr; R0R z; R0r y)
R1R z

63 (5.6)

2.1

45.8

0.3

242 (21.5)

13.3

4.0

30.0

19 (1.7)

0.0

Rare

1.4

R 2R z

3 (0.3)

0.1

Rare

0.4

rr

88 (7.8)

15.1

6.8

0.1

r'r

7 (0.6)

0.8

Rare

0.1

r"r

2 (0.2)

0.9

Rare

Rare

r'r"

1 (0.08)

0.05

Rare

Rare

V+

9 (4.5)

1

30

NA

K+

31 (2.8)§

9

2

NA

‡

*A total of 645 of 1127 donors (57%) were assumed e+ and were not actually tested for e.
†
Non-Hispanic percent occurrence retrieved from Reid et al.4
‡
Only molecular results available from ID CORE XT (N = 202).
§
N = 1125.
NA = not available.

The phenotypic prevalence of Jsa, Kpa, and antigens in
the Duffy, Kidd, MNS, Lutheran, Diego, and Dombrock blood
group systems are shown in Table 2. In addition to these
results, a total of 15.3 percent of the donors studied had an
FY GATA mutation. Of these, 9.5 percent were either FY*B_
GATA, FY*A or FY*B_GATA homozygous. Only 1.2 percent (4
of 326) had the point mutation in the FYB gene leading to the
Fy x phenotype and conferring weak Fyb expression; however,
2.1 percent had a single variant allele. In the Kidd blood group
system, one donor expressed a JK*B(IVS5-1A) variant allele,
which is rarely seen except in individuals of Asian or Polynesian
descent. In the MNS blood group system, a single donor had
a GYPB*S(IVS5+5T) variant allele that is commonly seen in
the black population. Di(a+) comprised 5.6 percent (18 of 324;
2 results were indeterminate and so not included) of the selfidentified Hispanic donors. Finally, 3 percent of these donors
had a rare Dombrock allele, although all were heterozygous
for this allele. Three (0.9%) donors had a variant DO*JO allele;
seven (2.1%) had a variant DO*HY allele.
Discussion
Although Hispanics make up approximately 16 percent of
the U.S. population per recent Census reporting, they constitute
about 2.32 percent of our presenting donor population. This is,
however, more than a 100 percent increase since 2008. With
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the demographics of the United States changing rapidly, it is
important that we understand the phenotypic prevalence of
RBC antigens in this growing demographic. This study was a
retrospective review of serologic and molecular testing results
from 1127 self-identified Hispanic donors tested between
2008 and March 2016.
The Rh haplotypes for the self-identified Hispanic
population are similar to those of Caucasians in that R1r
and R1R1 are the most common phenotypes. Additionally,
the most common phenotype for African Americans (R0r),
which has been reported to occur in about 45.8 percent of that
population, comprises only 5.6 percent of these study donors.3
The RHCE*ce[733G] allele, however, which is common in
black (26–40%) and uncommon in Caucasians (<0.01%), is
seen in 4.5 percent of the study donors. Because this allele is
associated with the VS and V antigens, the prevalence of VS+V+
in this self-identified Hispanic population is also 4.5 percent.
The prevalence of V in the Caucasian and black populations is
1 percent and 30 percent, respectively.
We assumed that most donors would be e+, primarily
when the donor typed as C+. It is possible that some of these
donors are actually e–. For example, of the donors who were
typed for e (484 of 1127, 43%), those who were R1R2 made
up 21.5 percent of the study population, and those who were
R2R z made up 0.3 percent. This prevalence is similar to that
reported in other races/ethnicities with R1R2 prevalence
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Table 2. Phenotype prevalence for self-identified Hispanic donors compared with other reported races/ethnicities: results from 326
donors by molecular testing
Percent occurrence*
Phenotype

Hispanic, N = 326 (%)

Caucasian

Black

Chinese

Japanese

Thai

Fy(a+b–)

116 (35.6)

17

9.0

90.8

81.5

69

Fy(a–b+)

88 (27)

34

22

0.3

0.9

3

Fy(a+b+)

117 (35.9)

49

1

8.9

17.6

28

Fy(a–b–)

5 (1.5)

Very rare

68

0

0

0

Fyb [GATA], Fya

26 (8)

NA

NA

NA

NA

NA

Fyb [GATA], Fyb

19 (5.8)

NA

NA

NA

NA

NA

5 (1.5)

NA

NA

NA

NA

NA

NA

NA

NA

Fyb [GATA] homozygous
Fy

4 (1.2)

NA

NA

Hispanic

Caucasian

Black

Kp(a+b+)

4 (1.2)

2.3

Rare

Kp(a–b+)

322 (98.8)

97.7

100

Js(a+b+)

9 (2.8)

Rare

19

Js(a–b+)

317 (97.2)

100

80

Hispanic

Caucasian

Black

Asian

Jk(a+b–)

87 (26.7)

26.3

51.1

23.2

x†

Jk(a–b+)

77 (23.6)

23.4

8.1

26.8

Jk(a+b+)

162 (49.7)

50.3

40.8

49.1

Hispanic

Caucasian

Black
2.0

M+N–S+s–

22 (6.8)

6

M+N–S+s+

65 (19.9)

14

7

M+N–S–s+

40 (12.3)

8

16

M+N+S+s–

13 (4)

4

2

M+N+S+s+

73 (22.4)

24

13

M+N+S–s+

64 (19.6)

22

33

M–N+S+s–

4 (1.2)

1

2

M–N+S+s+

13 (4)

6

5

M–N+S–s+

31 (9.5)

15

19

M+N–S–s–

1 (0.3)

0

0.4

Hispanic

Most populations

Lu(a+b+)

14 (4.3)

7.4

Lu(a–b+)

312 (95.7)

92.4

Hispanic

Caucasian

Black

Asian

Di(a+b+)

18 (5.6)

<0.1

<0.1

10

36

Di(a–b+)

308 (94.4)

>99.9

>99.9

90

64

Hispanic

Caucasian

Black

Japanese

Thai

Do(a+b+)Hy+Jo(a+)

153 (46.9)

49

44

22

13

Do(a–b+)Hy+Jo(a+)

132 (40.5)

33

45

76.5

86.5

Do(a+b–)Hy+Jo(a+)

41 (12.6)

18

11

1.5

0.5

South American Indian

*Non-Hispanic percent occurrence retrieved from Reid et al.4
†
2.1 percent had the variant Fy x allele.
NA = not available.

as follows: Caucasian = 13.3 percent, blacks = 4.0 percent,
Asians = 30 percent, and R2R z prevalence: Caucasian = 0.1
percent, blacks = rare, Asians = 0.4 percent. Because of this
assumption, the prevalence of R1R2 might be slightly lower,
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and the prevalence of R2R z slightly higher, but we believe the
change would be insignificant.
As mentioned earlier, 2.8 percent of this self-identified
Hispanic population was K+. This prevalence is similar to
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that seen in the black population (2% vs 9% in the Caucasian
population). Additionally, in the Kell system, Js(a+) has a
population prevalence of less than 0.1 percent in Caucasian
individuals and 20 percent in black individuals. We found a
prevalence of 2.8 percent in our Hispanic donor population.
Kp(a+) was also seen in 1.2 percent of our sample population,
compared with 2 percent in Caucasian individuals and less
than 0.01 percent in black individuals.
One of the successes of molecular testing was the
identification of the FY promoter silencing mutation (67T>C,
FY*01N.01 allele), which is common in blacks but rare in
Caucasian populations. This mutation silences expression of
Fyb on RBCs, but Fyb expression on other tissues is preserved,
thus mitigating the need for Fy(b–) RBCs. A recent study
by Wilkinson et al.5 found that 96.8 percent (61 of 63) of
patients with SCD had a GATA mutation: 60.3 percent (38
of 63) were FY*02-GATA-67 homozygous (FY*B_GATA
homozygous), and 36.5 percent (23 of 63) were FY*01/02GATA-67 heterozygous (FY*B_GATA, FY*A). Alternatively,
only 17 percent of Caucasians type Fy(a+b–), and far less than
1 percent are Fy(a–b–). Additionally, the GATA mutation is
exceedingly rare in Caucasians. In this study population, 15
percent (50 of 326) had the GATA mutation, and over half
(52%, 26 of 50) were FY*01/02-GATA-67C heterozygous
(FY*B_GATA, FY*A). Only 10 percent (5 of 50) were FY*02GATA-67C homozygous, and 38 percent (19 of 50) were
FY*02/02-GATA-67C (FY*B_GATA, FY*B). Thus, unlike the
black population, most Hispanic donors with an FY*B_GATA
mutation were also Fy(a+) (52%). This phenotype prevalence
was very similar to another study that evaluated phenotypes
of Hispanic individuals in South Texas.1
Additionally, FY*B[265T]FY*X, which results in weak Fyb
expression, is more common in Caucasians than in blacks and
was found in four of our donors (1.2%, 4 of 326).
Dia and Dib are antithetical antigens. Dia is a lowprevalence antigen with an occurrence of 0.01 percent in
most populations, although it has a much higher prevalence
in certain South American Indian groups. It is also reported
to occur in 1 percent of Hispanic populations. However, 5.8
percent of our study donors were Di(a+). This is lower than the
rate reported by Moulds and Alperin in Mexican Americans
living in three Texas communities (14.7%, 8.9%, and 8.2%,
respectively).6
Homozygosity for DO*HY and DO*JO [resulting in Hy− or
Jo(a−) phenotypes, respectively] are found rarely in the Black
population and never in the Caucasian population. We found 1
percent and 1.5 percent of these Hispanic donors had DO*HY
and DO*JO alleles, respectively. Our donors were heterozygous,
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

however. The data on the frequency of heterozygosity for these
alleles are not published, to our knowledge.
Using racial self-identification when selecting donors to
genotype may efficiently find donors who are more likely to
“match” patients—although genetic variability between and
even within racial groups is considerable.7 Self-identification
often serves as a proxy for genetic ancestry, but it may not
correspond well with genetic ancestry, especially in the
Hispanic population, because of the broad definition of the
term and reporting biases of the individuals.8–10 According
to the U.S. Office of Management and Budget, the term
Hispanic used in the 2010 Census “refers to a person of
Cuban, Mexican, Puerto Rican, South or Central American, or
other Spanish culture regardless of race.”11 As a result of this
inclusive definition, a large limitation of this study is whether
the data collected from donors who self-identify as Hispanic
truly represent a “Hispanic” phenotype, or if one even exists.
Additionally, although an individual may acknowledge
multiple genetic ancestries, he/she may not identify with and
therefore report the corresponding racial group. As such, selfreported ethnicity/race may be an effective tool for screening
donors to genotype, but is likely insufficient for mitigating
alloimmunization.
Additionally, the Hispanic population constitutes the
second largest group of patients affected by SCD in the United
States. According to the U.S. Centers for Disease Control
and Prevention, “SCD occurs among about 1 out of every
16,300 Hispanic-American births.”12 Extended phenotypematching transfusion protocols have been used to reduce
alloimmunization and the complications of such in black
patients with SCD.13–15 It may also mitigate alloimmunization
in the Hispanic population as well.
Finally, RBC genotyping has shown high concordance
between molecular and serologic results, and thus it has been
proposed that historic molecular results be used to issue units
without serologic confirmation.16 The implementation of this
proposal would greatly increase the application of donor typing
by molecular methods and thus the practice of genotyping
donors.
In conclusion, the U.S. Hispanic population as is currently
defined appears to be phenotypically unique in the expression
of clinically significant and commonly identified RBC
antigens. Additionally, Hispanic donors occasionally express
variant alleles seen in other racial/ethnic groups, but typically
in different frequencies. Thus, as the U.S. Hispanic population
increases, the need for antigenically similar blood will likely
continue to increase. This report provides one center’s
experience with such a population.
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Review

DEL phenotype
D.H. Kwon, S.G. Sandler, and W.A. Flegel

DEL red blood cells (RBCs) type as D– by routine serologic
methods and are transfused routinely, without being identified as
expressing a very weak D antigen, to D– recipients. DEL RBCs are
detected only by adsorption and elution of anti-D or by molecular
methods. Most DEL phenotypes have been reported in population
studies conducted in East Asia, although DEL phenotypes have
been detected also among Caucasian individuals. Approximately
98 percent of DEL phenotypes in East Asians are associated with
the RHD*DEL1 or RHD*01EL.01 allele. The prevalence of DEL
phenotypes has been reported among D– Han Chinese (30%),
Japanese (28%), and Korean (17%) populations. The prevalence
of DEL phenotypes is significantly lower among D– Caucasian
populations (0.1%). Among the 3–5 percent of African individuals
who are D–, there are no reports of the DEL phenotype. Case
reports from East Asia indicate that transfusion of DEL RBCs
to D– recipients has been associated with D alloimmunization.
East Asian immigrants constitute 2.1 percent of the 318.9 million
persons residing in the United States, and an estimated 2.8
percent are blood donors. Using these statistics, we estimate that
68–683 units of DEL RBCs from donors of East Asian ancestry
are transfused as D– annually in the United States. Given
the reports from East Asia of D alloimmunization attributed
to transfusion of DEL RBCs, one would expect an occasional
report of D alloimmunization in the United States following
transfusion of DEL RBCs to a D– recipient. If such cases do occur,
the most likely reason that they are not detected is the absence
of active post-transfusion monitoring for formation of anti-D.
Immunohematology 2017;33:125–132.

Key Words: blood group antigens, RHD variants, DEL,
weak D phenotype, blood transfusion
In 1984, Okubo and colleagues at the Osaka Red Cross
Blood Center reported their observation that “some D-negative
red cells, though they were negative in a Du test after exposure
to anti-D, could bind anti-D and yield it on elution.”1 They
named the phenotype of these red blood cells (RBCs) Del (D
eluate), adding that “most phenotypes with Del had C, c, and e
antigens, but no cells of an EE homozygote have yet adsorbed
anti-D.”2 During the subsequent 30 years, these observations
have been confirmed by several investigators. The Del
phenotype has been renamed DEL and is, in D– East Asians,
predominantly caused by the RHD(1227G>A) allele, which has
since been termed RHD*DEL1 or RHD*01EL.01 (International
Society of Blood Transfusion [ISBT] terminology). This review
summarizes the current status of molecular science and
demographic distribution of the DEL phenotype.
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Molecular Investigations of DEL Phenotypes
In 1997, investigators at the Osaka Red Cross Blood Center
reported that polymerase chain reaction with sequence-specific
primers (PCR-SSP) for RHD exons 7, 4, and 10 detected PCR
products in all 102 DEL blood samples, but not in 204 nonDEL samples from D-seronegative donors.3 Among a total of
306 D– donor samples, Fukumori and colleagues found 102
donors with the DEL phenotype associated with CCee (4 of 5),
CcEe (45 of 66), and Ccee (53 of 86). No DEL phenotypes were
detected among D– samples that were ccee—that is, none were
C+ or E+.3 The authors concluded that DEL RBCs have exons
4, 7, and 10 of RHD present in some form. In 2001, three DEL
alleles were characterized in German blood donors by Wagner
and coworkers.4 One of the alleles, RHD(K409K) (G1227A) or
RHD*DEL1, was soon shown to be prevalent among D– East
Asians5 and later termed “Asia type DEL” by Shao et al.6 Also,
in 2001, Singleton and colleagues described in abstract form
the partial nucleotide sequences for the alleles IVS1+1A and
G1227A in three Japanese donors with the DEL phenotype,7
a terminology consistent with Human Genome Variation
Society nomenclature.8
In 2004, J.-C. Chen and colleagues reported detection of
RHD*DEL1 in all (100%) of 94 D– Taiwanese blood donors.9
Additional DEL variants were reported in blood donors in
Germany4 and in China.10 The report of genomic deletion of
RHD exon 9 by Chang et al. in 199811 has not been confirmed
and is not considered to be an established basis for any DEL
phenotype.12 Instead, RHD*DEL1 is the result of a single
nucleotide polymorphism in a splice-site on exon 9 that leads
to reduced D antigenic density, but may retain the intact D protein.12 This mechanism has been well studied for RHD*DEL1,
in which a “silent” 1227G>A substitution in RHD codon 409
is immediately adjacent to the exon 9/intron 9 boundary.13
To emphasize the structural basis of the (unchanged)
protein, a novelty at the time, this allele was originally called
RHD(K409K).4 Later, the term RHD(1227G>A), based on the
allele’s nucleotide structure, became more widely used13 and,
presently, updated to RHD*DEL1 by ISBT nomenclature.
To date, investigators have identified more than 40 alleles
that are associated with a DEL phenotype.14 The RHD*DEL1
allele,4 which accounts for up to 98 percent of DEL phenotypes
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in East Asians,15,16 is the most prevalent variant RHD allele in
the D– East Asian population. For consistency, we will use
RHD*DEL1 for the “Asia type DEL” allele for the remainder of
this review.

Transfusion of DEL RBCs to D– Recipients
Has Been Associated with Secondary D
Alloimmunization and May Be Associated with
Primary D Alloimmunization

DEL Phenotype in East Asian Populations

Recognizing the very weak serologic expression of D by
DEL phenotype RBCs, early investigators considered it unlikely
that RBCs expressing a DEL phenotype would elicit D alloimmunization.27 Subsequently, cases of D alloimmunization
by DEL RBCs have been reported. In 2005, T. Wagner et al.
proposed D alloimmunization in a D– female patient after she
had been transfused with RBCs from an Austrian donor who
tested D– and weak D test negative by serologic methods.28
The authors identified a deletion in the donor’s RHD that they
described as “RHD IVS5-38del4” and linked it to expression
of the DEL phenotype.28 Subsequent studies determined that
the deletion IVS5-38del4 does not cause a DEL phenotype and
is common in European and Asian populations.29 The cause
of a DEL phenotype in the implicated Austrian blood donor
remains unknown, and the deletion presently designated as
RHD(IVS5-38del4) is thought to be unrelated.29
In 2005, Yasuda et al. described a D– Japanese woman
who developed a secondary D alloimmunization after
transfusion with 2 units of RBCs that were subsequently
determined to be from Japanese donors with the RHD*DEL1
allele.30 In 2009, K. Kim et al. described a D– Korean man who
developed anti-D 9 days after transfusion with 1 unit of RBCs
that was subsequently determined to express the RHD*DEL1
allele.23
In 2012, Shao et al. described one case of primary immune
response and two cases of secondary immune responses
in a total of 11 recipients in central China who had been
transfused with RBCs from DEL phenotype donors with the
RHD*DEL1 allele.15 This study of 11 recipients included seven
pre-transfusion anti-D–negative patients, who were at risk
for a primary immune response following transfusion of DEL
RBCs, and four pre-transfusion anti-D–positive patients. One
of the seven at-risk recipients, who tested negative for anti-D
on admission and had no transfusion history, was transfused
twice with DEL RBCs. On day 22 after the first transfusion,
he formed anti-D (titer 2), which the authors interpreted to be
“characteristic of primary anti-D alloimmunization.” Two of
the four anti-D–positive recipients demonstrated a 50 percent
increase in anti-D titer after the transfusion, describing
secondary immune response. The authors concluded “that
blood centers and blood banks need to identify the presence
of the DEL variant in apparent D-negative donors and
recipients. A truly D-negative recipient should not receive DEL

The RHD*DEL1, or as in the original report, RHD(K409K),
allele4 is the most prevalent variant RHD allele in D– East
Asian populations,5 and RHD*DEL2 (RHD 3G>A) was thought
to be the second most common DEL allele, at least in Chinese
populations.17 Ji and van der Schoot observed that RHD*DEL1
was the most common DEL allele among D– Han Chinese
in the southern region of China.18 The prevalence of DEL
phenotypes among the 0.3–0.5 percent of Han Chinese who
are D–19,20 is 30 percent for native Chinese15 and 32 percent
for those living in Taiwan.9 Among Japanese, 0.5 percent are
D–,2 and of these, 28 percent express a DEL phenotype.21 In
Korean populations, 0.15 percent are D–, and of these, 17
percent express a DEL phenotype.12,22,23 The prevalence of DEL
phenotypes is significantly lower in Caucasian populations, of
whom approximately 15 percent are D– and only 0.1 percent
of these express a DEL phenotype.24 Among the 3–5 percent of
African populations who are D–,25 there are no reports of DEL
phenotypes, but few population studies have been conducted.
DEL Phenotype in Caucasian Populations
More than 40 DEL alleles are currently listed in the human
RhesusBase,14 and all belong in the Eurasian D cluster.26 Most
of these DEL alleles have been reported as individual cases in
Caucasian populations. Except for RHD*DEL1, all DEL alleles
are rare in any population, particularly in Caucasian and
African populations. The cumulative prevalence of all DEL
phenotypes that are associated with DEL alleles, other than
RHD*DEL1, is small in any population when compared with
the prevalence of DEL phenotypes associated with RHD*DEL1
in East Asian populations. Although other rare DEL alleles add
to the risk of D alloimmunization, we conclude that the overall
risk of D alloimmunization in the United States is defined by
the prevalence of RHD*DEL1.
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transfusion in an effort to protect him or her from primary
alloimmunization or severe DHTR.”15
In 2015, H.S. Yang et al. reported detection of anti-D
between days 5 and 7 after transfusion of 2 units of RBCs from
Korean donors to a Caucasian male patient.16 Retrospective
studies of RBCs from the Korean donors confirmed that the
donors’ RBCs tested as D– by serologic anti-D and weak D
testing. RHD genotyping identified the RHD*DEL1 allele in
both donors.16 The short time interval between transfusions
and detection of anti-D in the recipient suggests that these
events were more likely secondary immune responses.
Transfusion Recipients with a DEL Phenotype and
an RHD*DEL1 Allele Are Not at Risk of Forming
Anti-D Following Transfusion of D+ RBCs
In 2005, Körmöczi and colleagues proposed that the
absence of D alloimmunization by transfusion recipients with
a DEL phenotype following transfusion of D+ RBCs was
explained by serologic studies showing that the RHD*DEL1
allele expresses a complete repertoire of D epitopes.31 In 2006,
Flegel suggested that East Asians expressing a DEL phenotype
and carrying the RHD*DEL1 allele might not form anti-D after
exposure to D+ RBCs.32 The extremely weak expression of D
by serologic testing is caused by significantly fewer D antigen
sites per RBC (<22) compared with normal RBCs (CcDdee with
10,429) and weak D phenotypes (922).31 In 2014, Q.P. Wang
et al. conducted a retrospective study of 227 D– transfusion
recipients in southeast China who had been transfused with
RBCs, presumably some of which were D+.33 Eleven recipients
developed anti-D. None of the transfusion recipients with
anti-D had a DEL phenotype associated with the RHD*DEL1
allele. The time interval between transfusions and testing for
anti-D was not specified. Wang et al. concluded that “people
in East Asian populations who carry Del variants can safely
receive transfusions from RhD-positive donors. Our findings
would apply to East Asian transfusion recipients in Europe,
North America, and elsewhere and could be implemented
easily when genetic crossmatching becomes a reality.”33
Pregnant Women with a DEL Phenotype Who
Delivered a D+ Newborn Did Not Form Anti-D, But
Pregnant Women with Certain Partial or Hybrid
DEL Alleles Have Formed Anti-D
In 2010, Shao et al. reported a retrospective study of
104 D– pregnant Chinese women who formed anti-D after
delivery.10 Based on the prevalence of DEL phenotypes in the
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

local Han Chinese population, these investigators anticipated
that 30 percent of the women who formed anti-D would have a
DEL phenotype, but none did (0%).10 In the same report, Shao
et al. described a prospective study of 44 pregnant women
with the DEL phenotype who did not receive Rh immune
globulin (RhIG) immunoprophylaxis and did not form
anti-D. During the 2-year study period, 38 of 155 (24.5%)
D– (dccee) mothers formed anti-D. The authors concluded
that women with RHD*DEL1 do not appear to be at risk of
alloimmunization to the D antigen and “DEL recipients can be
transfused safely with Rh-positive blood.”10 The authors also
concluded that RhIG prophylaxis is unnecessary (in women
with an RHD*DEL1 allele).10
In 2014, Q.P. Wang et al. studied D alloimmunization in 416
D– pregnant women. Anti-D was detected in 61 of these 416
D– pregnant women (14.66%) and in 11 of 227 D– transfusion
recipients (4.85%). None of the 72 D– pregnant women or
transfusion recipients with anti-D had a DEL phenotype. The
time interval from delivery to follow-up was not reported.
The authors concluded that antenatal and postpartum Rh
immunoprophylaxis with RhIG was unnecessary in pregnant
women with a DEL phenotype.33 In 2015, M. Wang et al.
described the outcome of 142 pregnant Han Chinese women
with a DEL phenotype who delivered a D+ newborn.34 None of
130 women (0%) with a DEL phenotype caused by RHD*DEL1
formed anti-D. There were six women with a DEL phenotype
who formed anti-D after delivery. All six of these women had
a DEL phenotype associated with RHD-CE-D hybrid alleles34
encoded by RHD exons replaced by counterparts from RHCE
genes, with a resultant loss of one or more D epitopes.4 The
authors cite the proposal by Körmöczi and colleagues31 for
defining partial DEL phenotypes by drawing an analogy with
the definition for partial D variant antigens (i.e., an RHD/RHCE
gene recombination event that affects exofacial D sections and
loss of one or more D epitopes). Thus, M. Wang et al. refer to
DEL antigens resulting from these recombinations as partial
DEL phenotypes and concluded that “individuals with a partial
DEL phenotype should be treated as RhD-negative...and receive
only RhD-negative RBCs.” Also, “pregnant women [with a
partial DEL phenotype] should be administered antenatal
and postpartum anti-D prophylaxis, whereas patients with a
complete DEL type can safely receive RhD-positive blood...and
do not need RhD immunoglobulin prophylaxis.”34
In 2015, Xu et al. reported the outcomes of 168 pregnant
Chinese women with a DEL phenotype of the RHD*DEL1
allele and 8 women with the RHD(3G>A) allele who delivered a
D+ newborn.35 None developed anti-D. Two pregnant women
with a DEL phenotype and the RHD-CE(4-9)-D or RHD127
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CE(2-5)-D allele did form anti-D; one was associated with
mild hemolytic disease of the fetus and newborn (HDFN).
The authors concluded that the observation of anti-D in the
two women with absent D epitopes confirms that their RBCs
express partial DEL phenotypes and pregnant women with
these alleles are at risk for forming anti-D.35
Within Caucasian populations, there are DEL phenotypes
arising from changes at the intron exon splice boundaries;4 at
least one of these has been associated with anti-D and another
has been associated with mild HDFN.36
DEL Phenotype Is Associated with the C Blood
Group Antigen
The association of the DEL phenotype and the C antigen,
first described by Okubo et al. in 1984,1 has been confirmed
by subsequent studies and provides a promising strategy for
a low-cost, efficient method to screen large numbers of donors
for DEL phenotypes. RBCs from as many as 18 percent of D–
Japanese donors express C,21 whereas only 1 in 1818 (0.055%)
RBCs from D– Caucasian donors express C.4 A 6-year study
of D– European individuals demonstrated that the prevalence

of the DEL phenotype is much higher among D– blood donors
whose RBCs express C and/or E, concluding that the DEL
phenotype was associated with a Cde or cdE haplotype.14
The longstanding observations that the presence of Ce in cis
with a variant RHD allele had a suppressive effect resulting
in a DEL-like phenotype further strengthens the apparent
relationship between C and the DEL phenotype.1 D– East
Asian populations have a high association of RHD*DEL1 with
C (99–100%), as originally observed among five individuals,4
because RHD*DEL1 is linked to an RHCE*Ce allele in one
haplotype (in cis configuration on one chromosome).
The association with the E antigen (i.e., an RHCE*cE allele
in trans) shows considerable ethnic variability. The association
with E in Chinese and Taiwanese individuals is 3.7 and 2.6
percent, respectively, whereas the association in Korean and
Japanese individuals is 28.6 and 38.4 percent, respectively
(Table 1). This variation in linkage has resulted in different
proposals for managing clinical aspects of the DEL phenotype.
Y.H. Wang et al. proposed screening for the DEL phenotype
by testing RBCs from apparent D– donors for C, followed by
genotyping for RHD*DEL1.37 Seo et al. demonstrated that
RBCs testing negative for C and E by serology safely predicts

Table 1. RHCE predicted genotypes in East Asians associated with the RHD*DEL1 allele

Country

Ccee

CCee

CeEe

CCEe

ccEe

CcEE

ccEE

ccee

Association
with Cc or CC
(%)

Taiwan
N = 94

78

14

1

1

0

NA

NA

NA

100

2.6

Luettringhaus et al. (2006)12

Korea
N = 16

15

NA

1

NA

NA

NA

NA

NA

100

6.3

Q.P. Wang et al. (2014)33

China
N = 151

85

66

NA

NA

NA

NA

NA

NA

100

0

Xu et al. (2015)35

China
N = 168

150

10

2

4

2

NA

NA

NA

98.8

4.8

Y.H. Wang et al. (2005)37

China
N = 126

105

18

2

1

NA

NA

NA

NA

100

2.4

Seo et al. (2016)38

Korea
N = 14

7

3

4

NA

NA

NA

NA

NA

100

28.6

Ogasawara et al. (2015)39

Japan
N = 318

166

30

121

1

NA

NA

NA

NA

100

38.4

Gu et al. (2014)40

China
N = 37

32

3

1

1

NA

NA

NA

NA

100

5.4

Q. Li et al. (2008)41

Chinese
minority
N = 14

12

1

1

NA

NA

NA

NA

NA

100

7.1

J.J. Wu et al. (2006)42

China
N = 41

32

8

1

NA

NA

NA

NA

NA

100

2.4

(N = 979)

682

153

134

8

2

0

0

0

(%)

69.7

15.6

13.7

0.8

0.2

0

0

0

Number of individuals
Reference
J.-C. Chen et al. (2004)

Total

9

Association
with Ee or EE
(%)

NA = not applicable.
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true D– RBCs (100% positive predictive value) (N = 4407),
and RBCs testing negative by anti-D, but testing C+ and/or
E+ by serology, can be tested for DEL by RHD genotyping,
including promoter, intron 4, exon 7, and exon 10.38 In 1984,
Okubo et al. considered the possibility that the specificity of
the antibody formed by D– individuals exposed to D–, C+
RBCs could be anti-G. They excluded anti-G, confirming the
serologic anti-D specificity using rG -reagent RBCs.1 In 2005,
Yasuda and colleagues also considered the possibility that the
specificity of the antibody formed when D– individuals were
exposed to DEL RBCs that were D–, C+ could be anti-G.30
They excluded anti-G and confirmed anti-D specificity by
adsorption and elution studies.

who are transfused, unknowingly, with DEL RBCs. There are
data, however, that make it possible to calculate a reasonable
range (maximum and minimum estimates). East Asians
constitute 2.2 percent of 318.9 million people residing in the
United States (4.01 million Chinese, 1.71 million Korean, and
1.3 million Japanese).43 The prevalence of D– phenotypes
in East Asians ranges from 0.1 to 0.5 percent,1,10,27 although
the genotypic prevalence may be increased to 1 percent if
mixed ethnic populations in the United Stated are considered.
The percent of DEL phenotypes among D– East Asians is
approximately 17.7 percent based on population surveys (Table
2; 2047 individuals with the RHD*DEL1 allele among 11,592
D– individuals surveyed translates to a prevalence of 17.7%).
According to a multi-institution 10-year study, 2.8 percent of
blood donors were Asians on average.48 Using these data, we
estimate that 68–683 units of “Asian-type” (RHD*DEL1)DEL RBCs are transfused annually in the United States
(Table 3). Yazer et al. emphasized the importance of minority
donor recruitment and collection programs to maintain an
adequate blood supply in response to the diversity of the U.S.
population.48,49

Potential Risk of D Alloimmunization by
Transfusion of DEL RBCs with an RHD*DEL1 Allele
in the United States
There are inadequate data on the number of East Asian
and other blood donors in the United States for an accurate
calculation of the risk of D alloimmunization in D– recipients

Table 2. RHD*DEL1 allele in serologic D– East Asian populations
Country

Subjects (N)

Subject type

RHD(1227G>A)
n (%)

Taiwan

294

Blood donor

94 (32.0)

Luettringhaus et al. (2006)

Korea

126

Blood donor

16 (12.7)

Q. Li et al. (2009)

China

1585

Blood donor

268 (16.9)

Han Chinese living in Taiwan

294

Blood donor

108 (36.7)

Korea

264

Blood donor

43 (16.3)

Japan

57

Blood donor

2 (3.5)

China

643
(n = 416)
(n = 227)

Pregnant woman
Blood recipient

China

808

Pregnant woman

168 (20.8)

China

395

Blood donor

126 (31.9)

Reference
J.-C. Chen et al. (2004)9
12

17

Y.E. Yang et al. (2007)

20

Y.J. Kim et al. (2005)22
Yasuda et al. (2005)

30

Q.P. Wang et al. (2014)

33

Xu et al. (2015)35
Y.H. Wang et al. (2005)
Seo et al. (2016)

37

151 (23.5)

Korea

110

Blood donor

14 (12.7)

Ogasawara et al. (2015)39

Japan

3526

Blood donor

318 (9.0)

Gu et al. (2014)40

China

165

Blood donor

37 (22.4)

Chinese minority

150

Blood donor

14 (9.3)

China

143

Blood donor

41 (28.7)

China

2385

Blood donor

516 (21.6)

China

374

Blood donor

61 (16.3)

China

155

Blood donor

32 (20.6)

118

Blood donor

38

Q. Li et al. (2008)

41

J.J. Wu et al. (2006)

42

X. Wu et al. (2014)44
J.H. Li et al. (2012)45
Q. Chen et al. (2012)
Sun et al. (2008)

47

46

Taiwan

Total
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11,592

38 (32.2)
2047 (17.7)
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Table 3. Estimated number of RBC units with the RHD*DEL1 allele transfused per year in the United States
Calculation
RBC units transfused
per year (N)

Asians in the U.S.
(2.8% of the donor population)

Prevalence of D– phenotype in
East Asians (0.1–1%)

Prevalence of RHD*DEL1 allele
in D– East Asians (17.7%)

RBC units with DEL phenotype
(N)

Minimum

13,785,000

× 0.028

× 0.001

× 0.177

68

Maximum

13,785,000

× 0.028

× 0.01

× 0.177

683

Estimate

RBC = red blood cell.

Discussion
Considering the number of DEL RBCs that are transfused
in the United States annually, one may ask, “Where are these
transfusion recipients with D alloimmunization in the United
States?” and “Why has DEL-related D alloimmunization
been reported only in East Asia, but not in the United States
and elsewhere?” The same questions can be asked about any
infrequent outcome of blood transfusion for which there is
no active monitoring. Without active and timely follow-up
for formation of anti-D by D– transfusion recipients, it is not
possible to determine the true risk of D alloimmunization.50
DEL-related D alloimmunization is another example of
an infrequent, but potentially adverse, outcome of blood
transfusion that is not recognized because it is not actively
monitored.
One option for addressing the potential risk that DEL
RBCs may pose to D– transfusion recipients in the United
States would be to initiate active post-transfusion monitoring
for formation of anti-D. The intent would be to identify the
incidence of D alloimmunization by documenting the number
of DEL units of RBCs transfused in the United States and
the number of D– patients who form anti-D after an RBC
transfusion. Such an approach, however, would result in
continued exposure of D– women and others to the risks of
D alloimmunization. The delay in addressing measures to
prevent transfusion of DEL phenotype RBCs to D– recipients
should raise ethical questions.
An alternative and more timely resolution would be to
follow the model of the German Red Cross Blood Donor
Service in Baden-Württemberg-Hessen and begin testing
donated blood to exclude RBC units with a DEL phenotype
in one or more blood centers in communities with a sizeable
East Asian population.12 Beginning in 2002, blood samples
from serologically D– first-time blood donors in BadenWürttemberg-Hessen were tested by RHD PCR in pools of
20. Samples detected to contain RHD were further tested by
PCR and nucleotide sequencing to identify the specific RHD
allele. That program cost approximately $5 per first-time D–
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donor, or $0.08 per unit of whole blood.24 Similar approaches
are routine at the National Institutes of Health Blood Bank in
the Department of Transfusion Medicine since 2009 and at
the Swiss Red Cross Blood Service since 2013. Alternatively,
the cost of identifying most Asian-type DEL units could be
reduced by serologic screening of D– units for C and, possibly,
E. This approach is based on the finding that DEL phenotypes
occur when linked to the Ce allele or, less frequently, if at all,
to the cE allele. This screening could be performed by PCR,
or even less expensively, by testing with anti-C and, possibly,
anti-E using an automated blood typing analyzer. In all
scenarios, units of D– RBCs detected to contain an RHD allele,
or a C or E antigen, would be added to the D+ inventory. In
2005, Garratty noted that the DEL phenotype was usually
associated with D–, C+ phenotypes and questioned whether
we need to be more concerned about weak D antigens.51 In
2008, Denomme and Flegel identified numerous opportunities
for integrating advances in molecular immunohematology,
including screening for low-copy number of D antigens (e.g.,
weak D or DEL) into routine transfusion practice.52
Considering the multiple case reports of DEL-related D
alloimmunization in Asian countries, and recognizing the
significant number of blood donors of Asian descent in the
United States, it is imperative to analyze the risk of transfusing
DEL RBCs to D– recipients in the United States. If there is
a confirmed risk, it is critical to develop a timely strategy to
reduce the risk to D– transfusion recipients and, most urgently,
to all female patients of child-bearing potential.
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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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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
2017 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 2017. 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: Yolanda Sanchez, MS, MLS(ASCP)CMSBB, Director, by e-mail at Yolanda_Sanchez@rush.edu
or by phone at 312-942-2402 or Denise Harmening, PhD, MT(ASCP), Director of Curriculum,
by e-mail at Denise_Harmening@rush.edu
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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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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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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
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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.
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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

I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 3 , 2 017

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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