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Paul Duquette
O n O ur C ov er

Rembrandt’s The Philosopher in Meditation, completed in 1632, digresses
enigmatically from its title. In addition to a seated, bearded man with his hands
folded at a desk by a luminous window, Rembrandt deploys two other figures
in the scene: a woman tending a fire and a less distinct figure in the shadow on
the stairs. The multiple household levels, including a small round door to an
unseen basement, chiaroscuro generated by streaming light into a mostly dim
interior, and winding steps seen from both above and below, impress one as both
mysterious and eccentric. While the trope of illuminated text comes through
clearly, the viewer is left uncertain about the rest of the painting, about which
questions linger. Is the term “philosopher” meant literally or in some more
esoteric sense, or was the now-traditional title appended later? The painting’s
attribution to Rembrandt even fell into doubt for a time; however, the current
consensus is that in fact he executed it. In any case, the striking staircase bears
the helical structure of DNA, the subject of this issue.
David Moolten, MD

Introduction

The role of red cell genotyping in transfusion
medicine
M.A. Keller

Hemagglutination has been used for blood group antigen
phenotyping for more than a century.1 The exploration of
the molecular basis of red blood cell (RBC) antigens began
in the mid-1980s2 and continues today.3–6 RBC and platelet
antigen genotyping was first proposed on a large scale using
fluorescence-based detection on glass microarrays, glass
microplates, or color-encoded beads on a silica support.7–10
The BloodChip glass microarray was evaluated by multiple
centers in Europe as part of the BloodGen project.11 Since
then, RBC genotyping has been adopted by many large donor
centers,12–16 and many large hospitals now use this testing as
a routine tool in transfusion medicine.17–19 RBC genotyping
harnesses the knowledge of the genetic basis of blood group
antigen expression, with more than 300 antigens in 36 systems
as of 2015.20 RBC genotyping is based on the knowledge of
which genes encode the antigens and what genetic variations,
in many cases single nucleotide polymorphisms (SNPs), are
present that alter the protein product, resulting in the gain,
loss, or modification of an antigen.21 The starting material for

RBC genotyping is typically peripheral blood mononuclear
cell–derived DNA, although buccal swabs, amniotic fluid–
derived cells, and maternal circulating cell–free fetal DNA are
also sources of genomic DNA.22
The advantages of predicting antigen expression through
DNA-based methods have been reviewed elsewhere and are
summarized for donors and patients in Table 1 with selected
references.
In patient care, RBC genotyping is being used most heavily
in three settings. The first setting is in the alloimmunized
and/or chronically transfused patient. The frequency of
alloantibodies is much higher in patients with sickle cell
disease and thalassemia, where estimates can be as high as
45 percent35 and 22.6 percent,36 respectively. In these patient
populations, an extended RBC phenotype, either obtained
serologically or predicted via RBC genotyping using a human
erythrocyte antigen (HEA) SNP panel, is becoming the
standard of care.30,37 Furthermore, in the United States, the use
of transfusion as a therapeutic modality in sickle cell disease

Table 1. Utility of RBC genotyping for donors and patients (with selected references)
Scenario

Donors

Patients

References

Predict antigen status when reagents unavailable (e.g., hr , hr , Jo , Hy, U)





Reid23

Predict antigen status when weak antigens can be missed serologically (e.g., Fyb, D)





Olsson et al.24;
Londero et al.25

Predict antigen status when antibody-coated RBCs hamper serologic typing

N/A



El Kenz et al.26

Predict antigen status when recent transfusion hampers serologic typing

N/A



Reid et al.27





Arnoni et al.28

N/A



Reid29

Identify alleles encoding partial antigens when allele matching of donors and patients may be
considered





Fasano et al.30

Efficiently identify antigen-negative status for multiple antigens simultaneously





Hashmi et al.9;
Hashmi et al.31

Predict antigen status in reagent red cells used for antibody screening





Storry et al.32

Determine impact of unlinked genetic factors on antigen expression [e.g., In(Lu)]





Singleton et al.33

N/A



Pirelli et al.34





Storry et al.32

B

S

a

Predict antigen status when variant antigen is suspected to be causing typing discrepancy
(current vs. historic, reagent 1 vs. reagent 2, method 1 vs. method 2, molecular vs. serologic)
Predict antigen status when variant antigen is suspected based on alloimmunization
(e.g., e+ with anti-e)

Determine zygosity as it relates to HDFN
Determine zygosity as it relates to reagent red cells used for antibody screening
RBC = red blood cell; N/A = not applicable; HDFN = hemolytic disease of the fetus and newborn.
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is on the rise,38 as is prophylactic matching for C, E, and K,
and, in some institutions, minor blood group antigens.39,40
The result is an increasing demand for antigen-negative
blood to serve this patient population. Second, in the setting
of obstetrics, RHD genotyping can resolve a serologic weak D
phenotype or inconclusive or discrepant RhD typing. A recent
commentary in the journal Transfusion has highlighted this
use and includes a thorough review of the subject.41,42 Use of
noninvasive screening for RHD by testing cell-free fetal DNA
from pregnant women has been widely adopted in several
European countries.43,44 Third, RBC genotyping is a powerful
tool in patients with warm autoantibodies or a positive direct
antiglobulin test (DAT) in whom an extended phenotype is
difficult to obtain serologically.45
In the setting of the donor center, RBC genotyping that
predicts a panel of human erythrocyte antigens (here referred
to as an HEA panel) can be beneficial to efficiently identify
donors lacking multiple common antigens or high-prevalence
antigens. Rare donor programs such as the American
Rare Donor Program benefit from the genotyping efforts
of individual donor centers.46–49 For donor screening, RBC
genotyping efficiencies can be maximized by using methods
that offer multi-parallel testing in which multiple samples can be
interrogated for multiple analytes (often SNPs) simultaneously.
As the admixture in the United States50 and around the globe
increases, the incidence of rare donors would be expected to
decrease such that screening efforts will need to increase.
The commercially available RBC genotyping products
differ not only in their format and antigen content, but also their
license status. The PreciseType™ HEA Molecular BeadChip™

(Immucor, Warren, NJ) is the first U.S. Food and Drug
Administration–licensed RBC genotyping product on the U.S.
market, and the HEA BeadChip version carries the CE mark.
The Progenika ID CORE XT is also CE-marked. Until recently,
proficiency testing for RBC genotyping involved International
Society for Blood Transfusion (ISBT) workshops51 and exchange programs run by testing laboratories (e.g., Consortium
for Blood Group Genotyping [CBGG],52 INSTAND53) or by
vendors (Immucor BeadChip).54 There are efforts to develop
shared reference materials.55 In 2014, the College of American
Pathology (CAP) launched a CAP survey program for Red Cell
Antigen Genotyping (RAG).56 AABB has offered accreditation
of molecular testing laboratories since 2008.57
This issue of Immunohematology focuses on six RBC
genotyping methods with the potential to be used as mediumto high-throughput screening tools. This is not meant to be
an exhaustive compilation of the methods in use today but
instead attempts to give an overview of the methods being
used in donor centers around the globe. The Immucor and
Progenika platforms are likely the most common platforms
in use by donor centers in the United States and Europe; the
other methods, although not as well disseminated, have the
potential to be efficient screening methods as donor centers
worldwide expand their efforts to meet the increasing demand
for antigen-negative blood. All six methods reviewed here are
focused on SNP detection—with two using on-bead extension
followed by fluorescence detection (BeadChip by Immucor,
ID CORE XT by Progenika), one using extension fragment
fluorescence detection (SNaPshot by Thermo Fisher), one
using extension fragment mass determination (HemoID

Table 2. The six genotyping methods discussed in this issue of Immunohematology
Method

Platform (vendor)

References

Sample capacity

TaqMan genotyping on OpenArray

QuantStudio (Thermo Fisher) with
custom RBC genotyping assays

Hopp et al.58; Denomme
and Schanen59*

16 assays on 144 samples, 32 assays
on 96 samples assays, or 64 assays on
48 samples

Multiplex target-specific PCR
amplification, allele-specific single
base primer extension, and MALDITOF MS analysis

MassARRAY with Hemo ID Panels
(Agena Biosciences)

Meyer et al.16; McBean
et al.60*

10 multiplex reactions on 33 samples
per 384-well plate

Single nucleotide primer extension
minisequencing assay

SNaPshot on ABI Capillary
Electrophoresis Analyzer (Thermo
Fisher)

Latini and Castilho61*;
Latini et al.48

1, 16, 48, or 96 samples (depending
on capillary number) each with up to
10 SNPs per multiplex reaction

Fluidic microarray using XMAP
technology

Luminex and ID CORE XT (Progenika
or Grifols)

Goldman et al.62*

6 to 94 samples

Multiplex ligation-dependent probe
amplification (MLPA)

MLPA SALSA (MRC-Holland
Amsterdam) on Capillary
Electrophoresis Analyzer

Veldhuisen et al.63*

3 multiplex reactions on 32 samples per
96-well plate

Elongation-mediated multiplexed
analysis of polymorphisms (eMAP)

Array Imaging System (AIS) with HEA
BeadChip (Immucor)

Hashmi et al.31;
Paccapelo et al.64*

1 multiplex reaction on 6 or 94 samples

*Article included in this issue. RBC = red blood cell; PCR = polymerase chain reaction; SNP, single nucleotide polymorphism.
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by Agena), one using multiplex ligation-dependent probe
amplification (MLPA) (SALSA by MRC-Holland), and the
sixth using TaqMan genotyping on OpenArray (QuantStudio
by ThermoFisher). All but one (TaqMan) use multiplex
polymerase chain reaction to interrogate multiple blood
group antigen genes simultaneously. All require specialized
instrumentation, with two using capillary electrophoresis
systems (MLPA and SNaPshot). Table 2 lists the six methods
with their capacity and associated references. The authors
were asked to include in their article the scientific principle of
the approach, what instrumentation and software is required,
the potential throughput, whether the platform offers the user
the ability to customize the variants interrogated, and whether
the assays have been validated. Molecular immunohematology
laboratories can review the strengths and limitations of these
methodologies and the experiences of those centers that have
implemented these approaches and determine which of these
methods might meet their needs and that of their population.
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An overview of the use of SNaPshot for
predicting blood group antigens
F.R.M. Latini and L.M. Castilho

The use of SNaPshot (Applied Biosystems, Foster City, CA) for
predicting blood group antigens has emerged as an alternative to
hemagglutination testing and also to the current low- and highthroughput blood group genotyping methods. Several groups have
developed multiplex–polymerase chain reaction SNaPshot assays
to determine single nucleotide polymorphisms (SNPs) in blood
group genes with the purpose of identifying clinically relevant
antigens and rare alleles. The selection of SNPs is based on the
population or laboratory reality and the purpose of the genotyping. Unlike high-throughput genotyping strategies that are
provided as commercial platforms, the SNPs can be chosen to best
meet the needs of the user, and the interpretation of the results
do not depend on the manufacturer. Immunohematology
2015;31:53–57.

Key Words: SNaPshot, blood group alleles, single nucleotide
polymorphisms, multiplex-PCR
SnaPshot (Applied Biosystems, Foster City, CA) is a
minisequencing assay based on a single nucleotide
primer extension capable of detecting single nucleotide
polymorphisms (SNPs).1 Minisequencing was first described
in the 1990s2–7 and was used to detect SNPs in apolipoprotein
E genotyping4 and in cystic fibrosis genotyping.2,7 Although
the minisequencing reaction differs from SNaPshot, the basic
principle of the method remains the same. The first reports
used assays based on an internal reaction performed with
an internal primer that ends exactly at 5´ of each SNP/point
mutation site and radioisotope-labeled nucleotides for a specific
allele. The assays varied in format, method of detection, ability
to multiplex, and complexity.1
Using fluorescent-labeled nucleotides and an automated
sequencer, the SNaPshot method follows the same principle
as minisequencing.8–10 The steps involved in SNaPshot are
illustrated in Figure 1. The approach consists of a multiplex
polymerase chain reaction (PCR) containing amplicons
flanking selected SNPs. In the example, four hypothetic
genes are amplified with forward and reverse primers
comprising all SNPs of interest. While designing multiplex
PCR primers, two SNPs can be included in the same
amplicon when fragment size allows, as demonstrated in
Gene 2 (Fig. 1A). Following multiplex PCR, electrophoresis
in agarose gel could be performed to verify amplification of
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all fragments. The multiplex PCR product is purified with
exonuclease and alkaline phosphatase. After purification,
an internal reaction is carried out with an internal primer
for each SNP, dideoxynucleotides (ddNTPs) labeled with
different fluorescent dyes, and a polymerase enzyme. Internal
primers can be designed to anneal with both directions of
DNA, but they purposely end exactly one nucleotide before
the polymorphism and present repetitive nucleotide tails
to ensure that they differ in size (Fig. 1B). At the end of the
internal reaction, primers with different-sized tails presenting
ddNTPs with different colors attached represent the alleles. In
the case of a heterozygous allele, both possibilities of ddNTP
incorporation appear (Fig. 1C). The reaction is denatured, size

Fig. 1. Schematic representation of SNaPshot. (A) Multiplex polymerase chain reaction (PCR). (B) Internal primers. (C) Fragments
after internal primer reaction. (D) Sample genotype using a specific
software: Gene1*A/Gene1*B, Gene2*A/Gene2*A, Gene2*Y/Gene2*Y,
Gene3*A/Gene3*A, Gene4*B/Gene4*B.
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standard is added, and the fragment analysis is performed
in a capillary-based sequencer. Amplicons are separated
according to size, and the fluorescent dye is detected. These
combinations represent all possible alleles. Fragment analysis
is evaluated using specific software (Fig. 1D).
Internal or probe primers are the key point of the SNaPshot
reaction, as they are responsible for the SNP identification
and allele discrimination. SNPs are identified by the internal
primers, as they are designed to show different sizes recognized
during migration in the sequencing analyzer. These sizes
are determined by a tail added to the 5´ end of each internal
primer, which could be a poly(A), (C), (C), or (G), or a missense
repeated sequence. While designing internal primers, their
migration through capillary electrophoresis in the sequencer
should be considered, as the distance among the peaks must
be clear and each fluorescent dye has an individual weight that
also interferes on migration. Moreover, because each internal
primer ends exactly one nucleotide before the SNP, the allele
will be determined when the ddNTP is incorporated. For these
two reasons, internal primers are crucial in this approach.1,11
Another fundamental feature of SNaPshot is the use of
ddNTPs instead of deoxynucleotides (dNTPs) in internal
reactions because the ddNTPs lack the hydroxyl-radical.
Because of this lack, when the internal primer is hybridized in
the target sequence, a ddNTP is incorporated in the internal
primer 3´ end where the SNP is located and the reaction stops.
As each allele is characterized by a different nucleotide, the
fluorescent dye present in ddNTP will identify the genotype.1,11
Therefore, at the end of the reaction, we obtain several
amplicons with singular lengths and with different fluorescent
dyes that correspond to a particular combination between
migration and color. This precise combination is analyzed
using specific software capable of predicting the allele.
In general, this software is provided with the automated
sequencer, and compares the obtained migration pattern of
the sample with a prior defined panel. The better way to build
this panel would be to perform the reactions with previously
genotyped samples, including those heterozygous for every
allele. Software interpretation will provide the genotype, and
phenotype can be easily predicted.

basis of the majority of blood group antigens is known, this
knowledge, together with the availability of DNA test methods,
are being used to determine the genotype and to predict the
phenotype of an individual.14,15 Considering this scenario,
several methods of blood group genotyping were incorporated
in the clinical laboratory and SNaPshot was evaluated as a
medium-throughput option.12
Several groups have already reported the use of the
SNaPshot method to detect blood group SNPs.11,16–24 Table 1
summarizes their findings, including alleles identified, the
purpose of the studies, number of SNPs detected, number of
reactions, number of tested samples, and validation features.
Reviewing these, we can conclude that the choice of the
approach was supported based on the limitations of serologic
methods, on throughput, and on good feasibility regardless of
DNA quality.
In summary, the approaches presented in Table 1 were
developed with the focus on forensic identification and on
genotyping of a group of alleles with specific goals, which
included predicting clinically relevant Rh and low-incidence
antigens. The number of investigated SNPs varied from 5
to 39 depending on the purpose and standardization of the
protocols.
An additional important feature addressed in Table 1
is validation, where primer concentration and migration
pattern in fragment analysis are evaluated. For that reason,
testing previously genotyped samples or performing parallel
genotyping with known methodologies is required.11,16,17,21–23
Additionally, samples comprising all known alleles are
necessary to inform the software where the peaks should be
to build the panel of analyses. Hence, the inclusion of heterozygous samples certainly helps the validation process.11 Blood
group genotyping results obtained with SNaPshot were mainly
validated by comparing them with those from previously
genotyped11,22,23 or phenotyped samples when commercial
reagents were available.16,17,21 Interestingly, sequencing results
were concordant with the SnaPshot results, even when the
results were discordant with those obtained with allele-specific
PCR16 or restriction fragment length polymorphism analysis of
PCR-amplified fragments (PCR–restriction fragment-length
polymorphism [RFLP]).11

SNaPshot and Blood Group Genotyping
Strengths and Limitations
Although serology is the gold standard method used
in immunohematology, it has certain limitations. These
limitations include labor-intensive hemagglutination testing
and data entry, the lack and high cost of commercial reagents,
and a paucity of potent antisera.12,13 Because the molecular
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SNaPshot emerged as a technology capable of genotyping
several polymorphisms in a single reaction. As a medium
to the high-throughput method, it meets quite a few service
realities. This robust approach improves the throughput of
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Table 1. Outline of reports on SNaPshot to determine blood group antigens

Blood group alleles

Aim

Number of tested SNPs/
Number of multiplex
PCRs/Number of internal
reactions

Number
of tested
samples

Validation method

Reference

KEL*3/KEL*4, KEL*6/KEL*7, DI*1/DI*2,
DI*3/DI*4, YT*1/YT*2, CO*1/CO*2,
DO*1/DO*2, DO*4, and DO*5

Rare donor
screening

9/1/1

305

PCR-RFLP/
sequencing

Latini et al. (2014,
Brazil)11

CO*1/CO*2, KEL*1/KEL*2, YT*1/YT*2,
JK*1/JK*2, FY*1/FY*2/FY*X, DO*1/
DO*2, MNS*3/MNS*4, GYPBS_230/
GYPBS-Int5

Identification of
SNPs responsible
for clinically relevant
phenotypes

11/1/1

227

Allele-specific PCR,
sequencing, and
serology

Di Cristofaro et al. (2010,
France)16

ABO alleles

Forensic
identification

6/1/1

127

PCR-RFLP and
serology

Doi et al. (2004, Japan)17

ABO alleles

Forensic
identification

5/1/1

70

—

Ferri et al. (2004 and
2009, Italy)18,19

Alleles from RHCE, DUFFY, MN, and
KIDD

Forensic
identification

39/1/5

152

Analysis of 16 paternity
test cases and 1
personal identification

Inagaki et al. (2004,
Japan)20

FYAB, GATA, FYX, DOA/B1, DOA/
B2, DOA/B3, DOJOA, DOHY, LWA/B,
COAB, SC1/2, DIA/B, JKA/B, LUA/B,
M/N, S/s, K/k

Genotyping
common blood
group systems

17/3/3

29

Previously genotyped
and/or phenotyped
samples

Palacajornsuk et al.
(2009, United States)21

6 variant RHCE*ce, KEL*6/KEL*7

Knowledge of
RHCE and KEL
allele frequencies to
reduce alloantibody
formation

6/1/1

1205

Previously genotyped
samples

Silvy et al. (2011,
France)22

13 variants of weak D and DEL

Simultaneous
detection of 14 RHD
SNPs

14/1/1

152

Exon-specific PCR
and sequencing

Silvy et al. (2011,
France)23

17 alleles in MNS, Kell, Duffy, Kidd,
Cartwright, Dombrock, Indian, Colton,
Diego, and Landsteiner–Wiener
systems

Description of
antigen prevalence
to improve
transfusion practice

21/2/2

599

Genotyping of the
same SNP using 2
SNaPshot protocols
and previously
genotyped or
phenotyped samples

Mazières et al. (2013,
France)24

SNP = single nucleotide polymorphism; PCR = polymerase chain reaction; RFLP = restriction fragment-length polymorphism.

methodologies such as PCR-RFLP and allele-specific PCR,
while maintaining the flexibility for customization, making it,
like an “in-house” protocol, easily adaptable to the user’s needs.
Conversely to high-throughput genotyping strategies such as
commercial microarrays, SNPs can be chosen to best meet the
needs of patients and donors, SNPs for uncommon antigens
can be included, and the interpretation of the results does not
depend on the manufacturer.11,15,25
If indicated, the protocol can be adapted to allow for
the addition of SNPS following validation. As an example,
our laboratory decided to include genotyping of SMIM1
to predict the Vel antigen in our SNaPshot standardized
for identification of rare alleles, after the publication of its
molecular background.26–28 Although the event was not an
SNP, but a 17-bp deletion, inclusion was possible because the
internal primer was designed upstream from the deletion and
the subsequent nucleotide differs if deletion is present. Figure
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015

2A shows the internal primer location and ddNTP related to
each allele. To allow fragment analysis (Fig. 2B), the internal
primer was designed with a longer polyA tail. To validate the
assay, we used samples previously genotyped by the described
PCR-RFLP protocol.26
Moreover, the upgrade performed in our developed
SNaPshot protocol for rare blood group alleles showed that
this method is not exclusive for SNP analysis, which is another
advantage of the method. Knowledge of the SNaPshot principle
and the molecular bases of blood group polymorphisms allows
for different applications of the approach.
Another important benefit of SNaPshot is the sensitivity
of the method. Previous reports tested samples with genomic DNA concentration ranging from 4.3 to 529.0 ng/μL11
and 0.1 ng template genomic DNA17 with positive results.
Corroborating, SNaPshot has been used in forensic genetics,
showing achievement of good results with poor-quality
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Fig. 2. Inclusion of genotyping to predict Vel antigen in our multiplex
SNaPshot reaction for detection of 16 blood group alleles. (A) The
17-bp deletion in exon 3 of SMIM1 associated with Vel– phenotype
is highlighted in gray and the internal primer used is underlined. Red
arrows indicate ddNTPs incorporated depending on the genotype.
For Vel+ phenotype, an adenine (ddNTP) is incorporated after the
internal primer, whereas for Vel– phenotype, a cytosine (ddNTP)
is incorporated. Heterozygous samples present both adenine
and cytosine. (B) Analysis (Gene Mapper, Applied Biosystems)
of representative samples emphasizing genotyping to predict Vel
antigen. First picture is a heterozygous sample with the presence of
both alleles; in the second picture, the 17-bp deletion is present in
both alleles, and therefore only cytosine (ddNTP) is detected; and in
the last picture, both alleles have adenine.

samples, including formalin-fixed paraffin-embedded
tissues,29 heat-degraded samples,17 and DNA extracted from
bones, teeth, muscles, organs, nails, semen-contaminated
vaginal fluid, and aged dried blood on blood type test paper.17,20
When SNaPshot costs are analyzed and compared
with other methods, we conclude that it can be an excellent
option. Depending on the reality, commercial platforms may
be very expensive and in-house strategies become an option
to perform genotyping.14,25 Depending on the study, reagent
cost may vary from $0.96 to $2.00 per detected SNP.11,21 In
our experience, after standardization, costs were successfully
decreased because reagent volume could be reduced while
maintaining quality.11 When compared with low-throughput
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methods such as PCR-RFLP, for which costs were estimated
to be $1.08 per SNP, required time until final results could be
14-fold reduced in SNaPshot (even though the resource costs
are similar).11 Evaluating another study that analyzed 35 red
blood cell antigens, estimated cost per antigen was $0.48
using multiplex PCR and $1.97 to $2.14 using conventional
serology.30 These approaches suggest that noncommercial
assays present similar costs per SNP, although they differ on
throughput and turnaround time.11,21,30 On the other hand,
platforms such as microarrays may differ in cost depending on
the country, but are an excellent option when considering time
and throughput.12
Moreover, as with other genotyping strategies, automation
is possible and several samples can be simultaneously
analyzed. A sequencer is the required equipment for SNaPshot,
in particular a capillary electrophoresis–based sequencer, and
therefore the throughput depends on the equipment used.
Speed is related to the number of capillaries in the sequencer
and pipetting, which can range from manual (single or
multichannel) and repetition to adjustable platforms.
SNaPshot is a method from Applied Biosystems, and
therefore the reagents, equipment, and software are acquired
from this company.
The main challenges of implementation of this approach
are primer design and validation. Primer design comprises
PCR multiplex and internal reaction steps. Bioinformatics tools
may help avoid undesirable matches, although meticulous
testing is required. Structures like hairpin, self-dimer, and
heterodimers must be avoided. Concentration of pairs of
primers for multiplex PCR and internal primers for internal
reaction must be adjusted. Amplification of all fragments in
multiplex PCR is monitored by agarose gel electrophoresis,
and internal primer performance is verified by fragment
analysis.
Furthermore, validation with heterozygous samples
for every SNP previously genotyped by other methods is
mandatory,11 because building of the software panel for the
result’s analysis must include all possible alleles. This step
can be problematic, as heterozygous samples could be rare
if low-incidence antigens are being analyzed. The number of
samples for validation depends on the protocol and laboratory
requirements, but at least one heterozygous sample per SNP
is mandatory. Discrepancies with other genotyping methods
and phenotyping results are common during validation. When
genotyping results differ, sequencing agrees with SNaPshot.11,16
Divergence with phenotyping is more frequent, as secondary
genetic alterations are described to affect protein expression,
such as the GATA change that influences Duffy expression.
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The success of the final protocol can be exhaustive until
reaching ideal primer design/concentration and validation.
Final Consideration
After overcoming the barriers of protocol standardization,
SNaPshot can be a cost-effective, practical, and robust
molecular strategy for medium- to high-throughput genotyping. Depending on the user’s needs, SNaPshot allows
grouping SNPs of interest, which is an excellent alternative
when there is a specific purpose. In our experience, including
polymorphisms related to rare blood group alleles in a single
reaction was the best way to screen rare donors and supply our
rare donor program.11
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Multiplex ligation-dependent probe
amplification (MLPA) assay for blood group
genotyping, copy number quantification,
and analysis of RH variants
B. Veldhuisen, C.E. van der Schoot, and M. de Haas

The blood group multiplex ligation-dependent probe amplification
(MLPA) is a comprehensive assay, developed for genotyping
the majority of clinically relevant blood group antigens in both
patients and donors. The MLPA is an easy method to apply and
only requires a thermal cycler and capillary electrophoresis
equipment. Because the molecular basis of blood group antigens
can be a single nucleotide polymorphism, an insertion/deletion
polymorphism, or genetic recombination, a single assay such as
the MLPA to facilitate these different types of genetic variation
is a prerequisite in blood group typing. An MLPA assay allows
the simultaneous detection of up to 50 polymorphisms in a
single tube. The blood group MLPA currently consists of three
separate probe pools targeting 104 different blood group alleles
of 18 blood group systems. The assay is performed in a 96-well
plate; therefore, a maximum of 32 genomic DNA samples can be
processed simultaneously. Results are available within 24 hours,
and software for analysis of the MLPA results is available free of
charge. In addition to the analysis of genetic variation in blood
group genes, a major advantage of the test is the ability to detect
aberrations in gene copy numbers, which is especially useful for
the determination of homo- or hemizygous status of RHD or
other blood group genes and for detection of blood chimerism.
A relatively large number of RH wild-type and mutation-specific
probes are included in the assay, allowing an extensive analysis of
RHD variants. In our reference lab in the Netherlands, the MLPA
was validated to detect RH variants in patients, donors, and
pregnant women. Furthermore, we have used the MLPA to provide
comprehensive typing after blood transfusion of 52 blood group
antigens simultaneously, in patients with red cell autoantibodies
or patients with rare phenotypes. Immunohematology
2015;31:58–61.

Key Words: MLPA, blood group antigens, multiplex
genotyping, RHD variation
Blood group genotyping using genomic DNA from
both patients and donors is a widely accepted alternative to
the traditionally used serologic methods to type for blood
group antigens present on the surface of red blood cells.1
The advantages of genotyping over serologic typing is that
many antigens can be determined in just one test and typing
is independent of recent blood transfusions or presence of
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autoantibodies. In addition, genotyping can be more reliable
in detecting weakly expressed antigens or rare antigens for
which a limited amount of antisera is present. Comprehensive
blood group typing makes more extensive antigen matching
between donor and patient possible, which is expected to
reduce the incidence of red cell antibody formation, hence
reducing the number of (delayed) hemolytic transfusion
reactions and reducing the number of cases demanding
complex serologic investigations. Because molecular methods
are eminently suitable for large-scale and high-throughput
analysis, genotyping is a well-suited method to achieve
comprehensive matching.2 The multiplex ligation-dependent
probe amplification (MLPA) assay has been developed in the
Netherlands to detect RHD variants and RHD zygosity, as well
as polymorphisms for 17 other blood group systems and those
responsible for four human platelet antigens.3,4
The MLPA (www.MLPA.com) is a multiplex genotyping
method able to detect both genetic variation and gene copy
number variation by comparing a test sample with a genotyped
reference sample.5 The assay uses unamplified genomic DNA
as starting material. Probe pairs with polymerase chain
reaction (PCR) primer tags, located immediately adjacent to
each other, are hybridized to genomic DNA and subsequently
ligated together. Only in cases of a complete match between
probe and a single nucleotide polymorphism (SNP) allele
will ligation take place; these products will be amplified in a
subsequent PCR using fluorescently labeled primers. Each
ligated probe will give rise to a PCR product of specific length
ranging from 90 to 500 bp, allowing the analysis of up to 50
target sequences simultaneously. PCR products are analyzed
using capillary electrophoresis resulting in a peak pattern
from which the phenotype and zygosity can be inferred. In
case of a mismatch between probe and genomic DNA, no PCR
product will be generated and the associated signal is missing
from the peak pattern. Because the targeted SNPs within the
RHD gene are too close together such that they are unable to
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be analyzed within the same reaction mix, the blood group
MLPA is divided into three different pools (P401, P402, and
P403), thus reducing the maximum number of samples in a
96-well assay to 32. Each pool of probe mixes also includes
10 control probe pairs targeting random sequences within the
human genome that are used for data normalization; wildtype probe pairs specific to determine the copy number of
blood group antigens, mutation-specific probe pairs that only
detect the presence of a specific variant, and gender-specific
probe pairs. In total, 47 probe pairs are RH-specific, 4 probe
pairs target the human platelet antigens (HPA-1 and HPA-2),
2 probe pairs target the X and Y gene, and 53 probe pairs are
specific to determine antigens and variants of the MNS (M, N,
S, s, U, Mur), LU (Lua/Lub, Aua/Aub), KEL (K/k, Jsa/Jsb, Kpa/
Kpb), LE (Lea-b- 59T), FY (Fya/Fyb, GATA, Fy x), JK (Jka/Jkb),
DI (Dia/Dib), YT (Yta/Ytb), SC (Sc1/Sc2), DO (Doa/Dob, Gya,
Hy, Joa), CO (Coa/Cob), LW (Lwa/Lwb), GE (Ge3, Ge4, Ge7-),
CROM (Cra), KN (Kna/Knb), IN (Ina/Inb), and OK (Oka) blood
group systems.6 Because the maximum number of 50 SNPs
is not used for the third mix, probes can be easily added—for
example, probes to detect Vel negativity7,8 or null alleles of the
Kell blood group system.9
Procedure
The MLPA for blood groups can be performed using three
separate kits (MLPA SALSA P401-A1, P402-A1, P403-A1,
MRC-Holland, Amsterdam, the Netherlands) or (order@
MLPA.com) as separate products in four pack sizes: 25, 34,
50, or 100 reactions in conjunction with MLPA reagents
EK1. The input material for an MLPA is genomic DNA. Most
DNA isolation procedures will produce sufficiently purified
DNA, although sometimes the DNA quality influences the
peak pattern and an additional column purification step is
necessary to improve assay performance. The amount of
DNA needed for one MLPA assay is 5 µL of a 10 ng/µL DNA
dilution; hence, for all three blood group MLPA pools, 150 ng of
genomic DNA is sufficient. The MLPA is a one-tube assay that
can be divided into five steps. The first step is the overnight
hybridization (16 hours) of denatured genomic DNA to three
separate mixes with probe pairs (Fig. 1). A probe pair consists
of a SNP-specific probe and a gene-specific probe each with a
PCR primer tag, which hybridize immediately adjacent to each
other. The minimal genomic hybridizing part of a probe is 20
nucleotides; thus, the distance between SNPs to be analyzed
in the same probe mix should be at least 40 nucleotides. In
the second step, the hybridized probe pairs are ligated (Fig. 1).
Ligation requires a perfect match with a SNP allele, generating
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Fig. 1. Multiplex ligation-dependent probe amplification (MLPA)
procedure in five steps. (1) A mix containing up to 50 probe pairs
is hybridized overnight to produce denatured genomic DNA. Every
probe pair has an X and Y tag with polymerase chain reaction (PCR)
primer sequence. (2) Ligation of perfectly hybridized probes. In case
of a mismatch, no ligation takes place. (3) PCR amplification of the
ligated product with primer X and Y, resulting in a series of products
of unique length. (4) The PCR products are separated by capillary
electrophoresis, resulting in a peak pattern. (5) Data are analyzed
by comparing the peaks of a test sample with those of a reference
sample. Analysis software will produce a table with peak ratios
compared with a reference sample; from these results, the genotype
and the associated phenotype can be inferred manually.

a product with PCR primer tags on both sites. In the third
step, a PCR is performed on the ligated probe pairs using a
fluorescent-labeled primer pair (Fig. 1). Since mismatch
between probe and genomic DNA will not generate a ligated
product, no amplification will take place during PCR. The
fourth step is size separation of PCR products using capillary
electrophoresis (Fig. 1). From the resulting peak pattern, the
absence and presence of certain lengths of amplified products
can be defined and the associated phenotype predicted. The
final step is the comparison of the obtained peak pattern with
a reference sample using either free (Coffalyser software,
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www.MLPA.com) or commercially available (GeneMarker,
SoftGenetic, LLC, State College, PA) software. The software
generates a peak ratio of a sample when compared with a
known reference sample. The total pattern of absent and
present peaks and aberrant copy numbers (zygosity) allows
the manual determination of the blood group antigens and the
blood group variants. Software translating the genotype to a
phenotype is not yet available, but will become available from
MRC-Holland in the future. The MLPA takes approximately
24 hours, including 16 hours of hybridization and 1.5 hours of
hands-on time.
Performance
The MLPA has been validated using both serologic typing
and sequencing of polymorphisms of 253 samples. In 4018
(99.5%) of the 4038 serologic typing results, the phenotypes
predicted by the blood group MLPA were in concordance
with serologic typing.4 Twenty discordant results were found
to be attributable to false-positive serologic results (n = 2),
false-negative serologic results (n = 1), inability of routine
serologic typing to detect variant antigens (n = 14), or falsepositive prediction from the MLPA caused by the presence of
a null allele (n = 3). Although some probes for null mutations
are included (Rh, Lewis, Duffy, U–, Dombrock, and Gerbich),
null mutations not included in the assay will result in falsepositive predictions—clinically unimportant for donor
typing, although essential for patients. Compared with
other genotyping methods (PreciseType™ HEA Molecular
BeadChip™ Test, Bioarray Solutions, Immucor, Warren, NJ;
BloodChip, Progenika Biopharma S.A., Grifols, Bizkaia, Spain;
and Sanger sequencing), which can be performed within a
day, MLPA is rather slow, taking almost 24 hours to obtain
results because of the overnight hybridization step. The assay
is therefore unsuitable if time is limited. A major advantage of
the MLPA, however, is its ability to detect aberrations in gene
copy numbers, which cannot be achieved with the commonly
used commercially available blood group antigen genotyping
assays.
Although the test is a one-tube protocol, reducing the
possibility of sample switching, the assay and data analysis
have not yet been automated. Software is available for
comparison of a test sample to a reference sample to produce
peak ratios, and will be extended with software to predict
a phenotype from the determined genotype. Automated
uploading of the test result to the laboratory information
system will follow the final version of the genotype prediction
software, but is not yet available. The method is not technically
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complicated and is relatively simple to implement, as only a
thermal cycler and capillary electrophoresis equipment are
needed. This equipment is available in most molecular labs.
The test is relatively inexpensive (approximately $11 to $17
per sample per well, or about $45 for a complete blood group
typing excluding the cost for the DNA isolation). The three
MLPA pools combined can predict 51 different blood group
antigens4 (excluding RHD variants and HPA-1 and HPA-2);
thus, the costs per antigen per individual are approximately
$0.87. The first two probe mixes contain the maximum number
of probe pairs, but the third mix with 35 probe pairs can still
be expanded. The probe mixes are not CE-marked, although
the MLPA reagents and Coffalyser software are CE-marked for
the European market. In addition to the ready-to-use probe
mixes, probes can also be custom-designed, allowing the
development of your own content.10 A protocol is available at
the MRC-Holland website (www.MLPA.com). Although the
MLPA is unsuitable for large-scale, high-throughput typing
of donor populations, it is powerful for genotyping of patients,
especially for RHD variants and zygosity typing. The assay
discriminates weak D types 1, 2, and 3 (which are regarded as
D+) from other weak D types and RHD variants.11,12 Recently,
the blood group MLPA was used to determine D variants in 30
Chinese individuals with weak or partial RHD expression.13 In
24 cases (80%), a conclusive result was obtained by MLPA. In
six cases, additional sequencing was needed, resulting in four
novel alleles and two very rare known alleles (weak D type 17
and weak D 101A>G). Although the MLPA recognizes most
clinically significant variants, rare alleles are not detected and
sequencing is necessary to find the mutation within RHD.
Furthermore, that study showed the advantages of MLPA
compared with the hybrid Rhesus box analysis to determine
RHD zygosity. In our lab (Sanquin Blood Supply, Amsterdam,
the Netherlands), every week, about 500 D– pregnant women
are genotyped using RHD typing of cell-free fetal DNA isolated
from maternal plasma. About 1 percent of these women
produce a positive result because of a genetic variation in the
maternal RHD. Currently, in most of these women, an RHD
variant is detected by MLPA, although in 34 out of 277 cases
(12%), the presence of RHD could be determined even when
no mutation was detected by MLPA. Additional sequencing
of the RHD gene was necessary to solve the underlying
mutation responsible for the D– phenotype.
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An overview of the Progenika ID CORE XT:
an automated genotyping platform based on
a fluidic microarray system
M. Goldman, N. Nogués, and L.M. Castilho

Automated testing platforms facilitate the introduction of red
cell genotyping of patients and blood donors. Fluidic microarray
systems, such as Luminex XMAP (Austin, TX), are used in
many clinical applications, including HLA and HPA typing.
The Progenika ID CORE XT (Progenika Biopharma-Grifols,
Bizkaia, Spain) uses this platform to analyze 29 polymorphisms
determining 37 antigens in 10 blood group systems. Once
DNA has been extracted, processing time is approximately 4
hours. The system is highly automated and includes integrated
analysis software that produces a file and a report with genotype
and predicted phenotype results. Immunohematology
2015;31:62–68.

Key Words: blood group, DNA-based typing methodology,
genotyping
The Progenika ID CORE XT (Progenika BiopharmaGrifols, Bizkaia, Spain) is a highly automated testing platform
based on the Luminex XMAP (Austin, TX) testing platform.1–4
The Luminex system is a modified flow cytometer that utilizes
probes attached to microspheres and (red and green) lasers to
quantify the amount of a given analyte that has attached to
a specific probe. The microspheres are labeled with different
ratios of two red fluorochromes, creating 100 distinctive bead
populations or “spectral addresses.” The Luminex system has
a wide spectrum of applications requiring high-throughput
detection of multiple nucleic acid sequences in a single reaction
(multiplexing), including HLA and HPA typing, which
are potentially of interest in blood centers and transfusion
services.1 For this reason, Luminex instruments are already
in place in many laboratories, facilitating the implementation
and routine use of the ID CORE XT blood group genotyping
system.
ID CORE XT analyzes 29 polymorphisms determining 37
antigens of the Rh, Kell, Kidd, Duffy, MNS, Diego, Dombrock,
Colton, Cartwright, and Lutheran blood groups, shown in
Table 1. The less common RhCE alleles assayed are shown
in Table 2. This is a second-generation assay, replacing the
ID Core+. In the ID CORE XT system, targeted regions of
genomic DNA from 10 different red cell blood group systems
62

Table 1. Red cell antigen typing using ID CORE XT
Blood group

Variants and ISBT number

Rh

C(RH2), E(RH3),c(RH4), e(RH5), CW(RH8), V(RH10),
hrS(RH19), VS(RH20), hrB(RH31)

Kell

K(KEL1), k(KEL2), Kpa(KEL3), Kpb(KEL4), Jsa(KEL6),
Jsb(KEL7)

Kidd

Jka(JK1), Jk b(JK2), JKB_null(IVS5-1a), JKB_null(871C)

Duffy

Fya(FY1), Fyb(FY2), FYB_GATA, FYB[265T]_FYX

MNS

M(MNS1), N(MNS2), S(MNS3), s(MNS4), U(MNS5),
Mia(MNS7)

Diego

Dia(DI1), Dib(DI2)

Dombrock

Doa(DO1), Dob(DO2), Hy(DO4), Joa(DO5)

Colton

Coa(CO1), Cob(CO2)

Cartwright

Yta(YT1), Ytb(YT2)

Lutheran

Lua(LU1), Lub(LU2)

are amplified in a multiplex polymerase chain reaction
(PCR) using biotinylated dCTP. The amplification products
are then hybridized onto oligonucleotide probes attached to
the microspheres and labeled with fluorescence-conjugated
streptavidin. When the beads are analyzed with the
Luminex system, the presence of the specific polymorphism
is determined by the correlation of the fluorescence signal
intrinsic to each microsphere in the red region of the spectrum,
with the presence or absence of a corresponding fluorescent
signal in the green region of the spectrum. An overview of the
system is shown in Figure 1. The system is highly automated,
and includes integrated analysis software that produces a file
with the genotype results and the corresponding predicted
phenotype. The software helps track samples and reagents
through the system.
Materials and Methods
Microscopic spherical particles with a 5.6-micron
diameter, called microspheres, serve as a solid phase for
molecular detection. The microspheres are internally dyed
with two spectrally distinct fluorochromes, red and infrared,
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015
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Table 2. Less common RhCE alleles assayed, ID CORE XT
Allele (ID CORE XT)

RHCE sequences that differ from consensus,
with underline indicating interrogated positions

RHCE*ceAR

RHCE*ceAR

c.48C, c.712G, c.733G, c.787G, c.800A, c.916G

RHCE*CeFV

RHCE*CeFV

c.667T, c.697G, c.712G

RHCE*CeVG

RHCE*CeVG

c.712G, c.733G, c.787G

RHCE*cEFM

RHCE*cEFM

c.697G, c.712G

RHCE*ce712G

RHCE*ce[712G]

c.712G

RHCE*ce733G

RHCE*ce[733G]

c.733G

Allele (ISBT)

RHCE*ce733G,1006T

RHCE*ce[733G,1006T]

c.733G, c.1006T

RHCE*D(2,5,7)-CE

c.307, c.676, c.712, c.733, c.10061

RHCE*cE697G,712G,733G

RHCE*cE[697G,712G,733G]

c.697G, c.712G, c.733G

RHD*DIIIa-CE(3-7)-D
RHCE*ce48C,733G,1006T

RHD*r′S - RHCE*ce[733G,1006T]

IVS3+3100g, c.733G, c.1006T

RHCE*CE-D( - )-CE (various alleles)

1

Absence of signal for these probe sets.

which emit light in different regions of the optical spectrum.
The combination of the dyes in different concentrations results
in 100 different fluorescent color tones of red and infrared, each

color having a unique spectral address defining a bead class.
Different allele-specific oligonucleotide probes are coupled to
the microspheres of each bead class. After DNA extraction,

Fig. 1. Progenika ID CORE XT method. SAPE = streptavidin-phycoerythrin.
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amplification is performed with biotin-labeled nucleotides.
During hybridization, the amplified sequences bind to the
oligonucleotide probes. Streptavidin-phycoerythrin (SAPE) is
used as the labeling molecule that will then bind to the biotin.
Quantification of each bead class population is performed
using the Luminex modified flow cytometer. The red laser
sorts the beads into their different classes, while the green
laser excites SAPE. The software counts each SAPE signal and
associates it to the unique bead class.
The ID CORE XT is considerably simplified compared
with the early ID CORE+ testing system. An overview of the
workflow is shown in Figure 2.
The main steps in the procedure (Fig. 2) include:
1. DNA extraction. DNA extraction is performed from
EDTA whole blood. A total of 100 ng DNA (5 µL) is
required per sample. DNA concentrations between
20 and 80 ng/µL are recommended in the ID CORE
XT package insert. Nevertheless, DNA concentrations
between 12 and 150 ng/µL were tested during betatesting evaluations and gave satisfactory results. The
genomic DNA purity (A260/A280 ratio) should be in
the 1.63 to 2.1 range, according to the manufacturer.
Although DNA concentration can be measured by
a spectrophotometer, in practice, we have not found
this necessary.

1 DNA Extraction

2 Amplification

Sample

Lyse

Lysis. incubate at 56°C
for 10 min.

Bind

DNA adsorption onto
silica membrane

Wash
Buffer RH

2.

Amplification. The amplification process, set
up in the pre-PCR area, includes preparing a PCR
mix by adding the HotStarTaq (Qiagen, Venlo, the
Netherlands) polymerase (2.5 U/reaction) to the ID
CORE XT PCR “master mix,” containing the primers,
biotinylated nucleotides, and buffer solution together.
A total of 20 µL of this mixture is then added to the
PCR plate for each sample and control, followed by
100 ng of each DNA sample in a volume of 5 µL. The
plates are sealed with an adhesive PCR plate film,
centrifuged briefly to collect the liquid at the bottom
of the wells, and placed in the thermal cycler in the
post-PCR area. Amplification requires 2 hours, 40
minutes.
Hybridization and labeling. After vigorous
mixing, 46 µL of the “beads master mix” is dispensed
into each well of a Costar plate (Bio-Rad Laboratories,
Hercules, CA). For each sample, 4 µL of the PCR
product is added to each well. The plate is covered and
placed in the thermal cycler at 52°C for 30 minutes.
SAPE in a dilution buffer is then added to each well.
After labeling with SAPE, the samples should be
analyzed immediately in the Luminex.
Quantification. Quantification of the relative
amounts of labeled PCR product hybridizing to each

3.

4.

3 Hybridization & Labeling

2.5 µL DNA
(>10ng/µL)

Hybridation Buffer
Labeling Buffer

2 hours 40 minutes

47 minutes

4 Quantification

5 Result Analysis

AW1 buffer
DNA
purification

Wash
Buffer RH

AW2 buffer

Elute

DNA elution

30 minutes

30–45 minutes

Fig. 2. Progenika ID CORE XT workflow.
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microsphere is fully automated and takes 30–45
minutes.
5. Results analysis. The analysis software automatically imports the quantification data from the
Luminex and produces a report with the genotype
and predicted phenotype. Footnotes are used for
possible alternate genotypes or for phenotypes
predicted to have weak, partial, or variable antigen
expression. For example, a genotype interpreted
as RHCE*Ce, RHCE*cE, may have a footnote “also
possible although less likely: RHCE*ce, RHCE*CE.”
A homozygous RHCE*ce (733G) genotype will have
a predicted c+ phenotype with the footnote “detected
as partial by some reagents” and e+ phenotype with
the footnote “detected as weak or partial by some
reagents.”
The instrumentation needed includes:
1. Thermal cycler: The ID CORE XT system has been
validated for both the gold-plated and the aluminumplated 96-Well Geneamp PCR System 9700 (Thermo
Fisher Scientific, Waltham, MA), and for the Veriti or
Veriti Dx 96-Well Thermal Cycler (Thermo Fisher
Scientific, Waltham, MA).
2. Luminex LX 100 or LX 200 instrument with the
Luminex 100 IS or xPONENT software, respectively.
3. Non-refrigerated microcentrifuge.

simultaneous sample processing and data analysis in hybrid
batches.
In summary, the procedure is rapid and simple, requiring
less hands-on time and a faster turn-around time than the
earlier version of the system. The speed and flexibility make
it optimal for analyzing both patient and donor samples.
Limitations to the system include the impossibility to reread
a sample and the separate acquisition of the plates used for
amplification and hybridization.

Strengths and Limitations

Data Handling
Data from the Luminex can be uploaded into a laboratory
information system and formatted for XML, ASTM, or HL7
files. This is a major advantage, particularly in the testing
of donor samples. Currently, at Canadian Blood Services
(CBS), we are developing a database containing the results
of donor testing, to allow donors with given genotypes to be
easily searchable. Once the technology is licensed in Canada,
we would like to export these results into our eProgesa
operating system. Similarly, different blood centers in Europe
are also adapting the communication protocol between the
XT software and their laboratory information systems to
automatically upload results into their blood center donor
database. The immunohematology reference laboratory of
the Blood and Tissue Bank in Barcelona is also adapting the
automatic transfer of patient blood group genotype results to
the laboratory information system, avoiding the risk of manual
transcription errors.

Ease of Use
The system can test from 6 to 94 samples, with two
controls. The flexibility in the number of samples is useful,
permitting more urgent diagnostic testing on relatively
small numbers of samples as well as donor testing on larger
sample batches. As detailed in Materials and Methods, the
amplification and hybridization steps involve little pipetting,
since reagents have been combined in “master mixes.” Once
the samples are entered into the Luminex, the system is
totally automated. The overall time to analyze the samples,
once the DNA has been extracted, is approximately 4 hours.
Because the system is automated and uses software to
interpret the results, little actual expertise in the molecular
biology of the red cell antigen systems is required, although
the possibility of visualizing the raw data graphs may provide
some insight in cases of discordances between phenotyping
and genotyping or “No Call” results. The software is common
to other BLOODchip ID XT (Progenika Biopharma-Grifols)
genotyping systems, such as the ID HPA XT, which allows

Systems Interrogated
ID CORE XT tests for the presence of 29 polymorphisms
in 10 blood group systems (Table 1). The system is closed, in
that laboratory users cannot add polymorphism content. The
xMAP technology is open, however, and this makes upgrading
the system possible by the manufacturer in future versions. A
major improvement over the earlier version of the test is the
detection of more RhCE variants: the low-incidence antigens
V (RH:10) and VS (RH:20) and the high-incidence antigens
hrS (RH:19) and hrB (RH:31) (Table 2). These antigens are of
great interest in the predominantly black patient population
with sickle cell disease. Investigation and transfusion support
of these patients is an important component of the service
provided by our reference laboratories. Challenges related to
these complex antigens are outlined in the following section.
Other advantages are inclusion of the GYPB*Mur, YT*A/YT*B,
and some JK null alleles into the platform. The LU*A/LU*B
system alleles have also been added in this version of the
system. The inclusion of low-incidence polymorphisms is useful
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for the reference laboratory, because it permits elimination of
the possibility of rare specificities in alloimmunized patients.
Discrepant results between serology and genotyping can
occur because of an allele drop-out in assays using primer
elongation, but the probe hybridization-based ID CORE assay
is not affected.
Limitations include the absence of the SC*1/SC*2 and the
LW*A/LW*B alleles. The system does not include RhD, or the
ABO system. The system also does not provide information
on zygosity or haplotype determination. As with any system,
not all rare polymorphisms are interrogated; therefore, there
may be discordances between genotyping and phenotyping
results.
Challenges Related to Complex Rh Antigens
One limitation of targeted genotyping platforms derives
from the restricted number of relevant polymorphic positions
that they interrogate because of “space” constraints. This
limitation becomes more evident for high-incidence antigens,
such as hrB and hrS, for which expression can be affected by
genetic variants at multiple positions. In particular, hrB and hrS
prediction is based on the sequence at polymorphic positions
c.676, c.712, and c.733, although their expression can also be
affected by variant sequence at c.254, c.538, and c.667. ID
CORE XT predicts V and VS antigens based on the sequence at
three polymorphic positions, namely, c.712, c.733, and c.1006.
Although c.733 is the key position, the sequences at c.712 and
c.1006 can modulate its effect, as is the case for RHCE*ceAR
and RHCE*ce48C,733G,1006T alleles, respectively. The effect
of the sequence at c.733 on V and VS can also be modulated
by variant sequence at c.340, found in the RHCE*ce340T,
733G (RHCE*ceJAL), allele. This polymorphic position is not
interrogated by ID CORE XT, although the variant frequency
is significantly lower than that at positions c.733 or c.1006.
The accuracy of phenotype prediction for these complex
antigens is inversely proportional to the population frequency
of uninterrogated variants. Although this may appear as a
critical limitation, only a portion of genotype miscalls translate
into erroneous phenotype predictions. Genotyping platforms
have implemented various ways to mitigate or avoid the
consequences of such limitation. First, interrogated positions
are selected on the basis of their relevance (i.e., their effect on
antigen expression) and their population frequency, where
the latter may refer to the global population or to a specific
race. Second, the data analysis software is designed to make
default calls for the more likely genotypes, with likelihood
being a function of variant and haplotype frequencies. Third,
nomenclature that is inclusive of all the alleles that might
66

explain the variant sequences identified is used. Finally, as
mentioned in Materials and Methods, footnotes are included
in the report to inform the user of alternative interpretations of
the data (other possible genotypes and predicted phenotypes).
Licensure
The system is currently CE-IVD marked since June 2014,
but as of September 2015 has not yet received licensure by the
U.S. Food and Drug Administration or by Health Canada.
Results
Validation and Experience with the Method
The ID CORE XT assay was initially evaluated in a smallscale pilot study undertaken by Progenika in Spain, in which
100 genomic DNA samples, previously typed by BLOODchip
Reference v.4.0, ID CORE+, and sequencing, were tested.5 The
samples included 57 patients and 43 donors of both white
and African descent. The genotype results were 100 percent
concordant with the reference methods. A second validation
study performed by Progenika on 42 commercial cell line DNA
samples of diverse ethnic origin demonstrated 100 percent
concordance with BLOODchip reference v4.0 and sequencing
data.6
A performance evaluation study using 86 blood donor
samples was then carried out at an alpha site (Sanquin Blood
Supply Foundation, Amsterdam, the Netherlands) with
the aim to test the ID CORE XT assay and the proprietary
BIDS XT analysis software with samples previously typed
serologically.7 Although serology was considered the reference
method, the samples were also genotyped, when possible, by
a multiplex ligation-probe amplification (MLPA) molecular
method developed in-house. The ID CORE XT and the BIDS
XT software performed correctly in a wide range (60–1000
ng) of total DNA/assay and in different sample batch sizes.
The five discrepancies encountered with serologic results were
resolved by MLPA and sequencing, which showed results
concordant with ID CORE XT.
A clinical validation with 1000 samples was then carried
out at two different sites. The samples were selected following
the common technical specifications established for blood
group reagents in Appendix II of European Directive 98/79/
CE. ID CORE XT results for C, c, E, e, K, Kidd, and Duffy
antigens were compared with results obtained by CE-marked
serology typing reagents. The remaining antigens (which
belong to self-certification) were evaluated against serology
data when commercial antibodies were available or otherwise
against well-established molecular reference methods (either
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015
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bidirectional DNA sequencing or BLOODchip Reference). The
ID CORE XT genotyping results of 100 of the 1000 random
samples, were additionally compared with results from
bidirectional DNA sequencing or BLOODchip Reference. The
high sensitivity and specificity rates obtained for all tested
antigens highlighted the reliability and accuracy of ID CORE
XT genotyping.
The ID CORE XT was validated in Brazil using a total of
229 donor and patient samples previously genotyped using inhouse genotyping methods or the HEA BeadChip™ (Bioarray,
Warren, NJ).8 A reproducibility rate of 100 percent, repetition
rate of 0 percent, and a “No Call” or invalid result rate of 1.7
percent were observed. Results were concordant with previous
genotyping in 223 out of 229 (97.4%) samples. Four of the six
discordant samples involved the low-incidence RhCE variants
V (RH:10) and VS (RH:20). In three of these samples, genomic
sequencing results were concordant with the ID CORE XT,
and, in one sample, results were concordant with the HEA.
One sample was identified as possible r′S by HEA, but was not
confirmed by ID CORE XT, Beadchip RhD and RhCE kits, or
sequencing. ID CORE XT uses the IVS3+3100a>g SNP present
in all type I r′S variants to accurately predict this phenotype.
Finally, one sample was discrepant for K, with investigation by
serology and sequencing showing a false-positive result in the
ID CORE XT.
In a recent international, multicenter study performed at
three laboratories in Italy, Spain, and the UK, the performance
in real-life conditions of the ID CORE XT were compared with
the current methods of the participating centers. Excellent
results of concordance and processing time were obtained in
the more than 250 samples tested, which included a number
of low-incidence rare variants. Publication of the complete
results of both the clinical validation and the multicenter study
is in progress (personal communication, N. Nogues). A small
validation study of 47 hematology patients was also carried out
in the UK, with one discrepant M typing under investigation.9
Current organizations using this method include CBS
and Héma-Québec in Canada and Carter BloodCare, Gulf
Coast Regional Blood Center, Lifeshare Blood Centers, and
ITxM/Virginia Blood in the United States. Over 27,000
samples have been tested internationally using ID CORE XT,
including several hundred samples in Barcelona and at CBS.
In Brazil, in-house validation is currently being performed at
the Molecular Immunohematology Laboratory, HemocentroState University of Campinas, Sao Paulo. Clinical applications
include testing of selected donors (e.g., donors who may be
U– or U+var on serologic testing), and investigation of difficult

I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015

patient samples (e.g., patients with autoantibodies). The
number of alleles interrogated, particularly in the Rh system,
assists in genotyping patients with sickle cell disease and black
donors who might express similar variant alleles.
Conclusion
In conclusion, the Progenika ID CORE XT is a highly
automated testing platform, permitting testing on small or
larger sample batches. Implementation is relatively easy,
particularly because the Luminex platform is already in use
in many immunohematology laboratories. Testing is rapid
and simple, with integrated analysis and report generation.
As with any genotyping platform, not all alleles are probed by
the system, and results must be interpreted considering the
clinical context and serologic findings.
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Mass-scale donor red cell genotyping using
real-time array technology
G.A. Denomme and M.J. Schanen

Blood centers are in the unique position to evaluate large
numbers of blood donations for antigen-negative blood types.
The limitations with the use of hemagglutination, however, can
be circumvented with red cell genotyping. The reagents used for
genotyping are synthesized and can be designed for any of the
known blood group antigen single nucleotide polymorphisms
that are associated with blood group antigen expression. There
is interest in the application of mass-scale red cell genotyping of
blood donors to find rare phenotypes and rare combinations of
antigens. When performed on donors who are predicted to donate
again after testing, integrating the genotype information with
existing donor data and demographics provides the blood center
with real-time information to identify the common clinically
relevant blood group antigens demanded by hospital transfusion
services. This review outlines a red cell genotype methodology
using TaqMan chemistry and existing algorithms and data
handling to gain the full value of mass-scale red cell genotyping
of blood donors. Immunohematology 2015;31:69–74.

Key Words: red cell genotyping, blood group genotyping,
mass-scale, high-throughput TaqMan chemistry
Transfusion recipients who become alloimmunized to
blood group antigens require crossmatch-compatible blood
that is negative for the cognate antigens. Blood collection
facilities have the responsibility of finding antigen-negative
blood among donor units. Historically, manual and automated
phenotyping methods are still used to screen blood donations
routinely for antigen-negative types that are likely to be in
demand.1 The screening is done with a limited collection
of licensed or unlicensed blood grouping reagents, and the
results are recorded for later use should a blood donor donate
again. Knowing the donor’s history of donations provides
efficiencies to antigen typing programs because repeat donors
are predicted to donate in the future and do not need to be
repeatedly typed.
Knowledge of the molecular basis of blood group
expression2 and the development of platforms capable of
screening on a mass scale3 have created the opportunity to
screen blood donors for antigen-negative types using DNA
rather than red blood cells. High-throughput genotyping
platforms can enable mass-scale screening when the output
files from these instruments are electronically interfaced with
the laboratory information management system (LIMS),
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015

making red cell genotyping an attractive screening alternative
to hemagglutination-based platforms. A desired goal for a
blood center is to have enough antigen-negative blood units
to meet approximately 95 percent of blood requests that
it receives.4 For blood centers that support the American
Rare Donor Program, comprehensive genotyping of a large
number of donors contributes to the desperately needed
rare blood types at an incremental cost to screening for the
common blood group antigens of the RH, MNS, Kell, Duffy,
and Kidd systems. This article outlines a method used to
genotype blood donors on a high-throughput mass scale using
TaqMan chemistry. Several manufacturers have instruments
that use TaqMan chemistry and can be designed for red cell
genotyping. Systems that have been evaluated for red cell
genotyping using TaqMan technology include the Wafergen
SmartChip (Wafergen Biosystems, Fremont, CA), Fluidigm
June 96.96 Genotyping IFC (Fluidigm, South San Francisco,
CA), and QuantStudio 12K Flex Real-Time PCR System (Life
Technologies, Grand Island, NY).
Red Cell Genotyping
Red cell genotyping platforms are based on the polymerase
chain reaction (PCR) coupled with nucleic acid chemistry that
can be performed with rapid turnaround time. A desirable
turnaround time from setup to result output is in the 6- to
8-hour range. When used to screen a large number of donor
samples for antigen-negative blood types (i.e., mass-scale),
data parsing and comparative analysis of the results with other
donor information optimally should follow within 24 hours. At
a maximum, the process should be completed to coincide with
the release of blood units after infectious disease testing.
The term “array” used in this review refers to platforms
that simultaneously interrogate a multitude of single nucleotide
polymorphisms (SNPs) in a single format, whether or not the
array is attached to a support like a bead or chip. An “open”
system refers to the fact that the make-up of the array can be
changed with minimal to no impact on platform performance.
This flexibility is based on the fact that the assays are not
multiplex; each assay is a single reaction performed in a single
well. The design layout can therefore be altered at the discretion
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of the operator, simply by expanding the number of assays or
excluding one assay and introducing another.
The term “high-throughput” applies to any platform
regardless of the nucleic acid chemistry: PCR–enzymelinked immunosorbent assay (ELISA), PCR–oligonucleotide
extension, sequence-specific PCR–mass spectrometry, and
PCR–oligonucleotide hybridization all have high-throughput
capability. For red cell genotyping of donors, this term means
that blood units are tested and the desired antigen-negative
units are identified before the blood unit leaves the control of
the blood center. Mass-scale genotyping is achieved when an
array of SNPs is analyzed on many samples. The method for
high-throughput mass-scale red cell genotyping includes DNA
extraction, genotyping, and data transfer to a LIMS. Process
control is achieved by collecting metrics at key steps that will
identify process failures should they occur. Desirable metrics
are:
• DNA concentration and the OD260/280 ratio
– A concentration or ratio less than a given threshold =
sample extraction failure
• Evaluation of the result values (fluorescence integrity)
– Lack of passive dye (e.g., ROX™ Passive Reference
Dye) detected during results imaging = DNA load
failure
• Genotype results of known controls
– Controls that fail to give the expected result = an assay
or run failure
• Genotype results of unknown samples
– Outlier, Do not Call, or No Call flags across multiple
assays = sample failure (likely because of a DNA
extraction or load failure)
– Unexpected combinations of SNPs (e.g., homozygous
FY GATA mutation with FY*A/FY*B)

exonuclease activity of Taq polymerase degrades a hybridized
probe during PCR amplification. In brief, a TaqMan assay
comprises two amplification primers and two probes of
approximately 20 nucleotides that differ by one SNP. The Taq
polymerase extends the amplification primers in the 3´ to
5´ direction during the elongation stage of PCR. The singlestranded DNA oligonucleotide probes anneal to the region
containing the SNP of interest. With each successive round,
as the polymerization encounters a hybridized probe, the 5´
to 3´ exonuclease activity degrades the probe and releases the
fluorophore from the quencher. The observed fluorescence is
an indication that a particular probe was annealed and the
SNP is present (Fig. 1). The SNP discrimination is attributable
to the poor hybridization that each probe has for the alternate
allele containing the mismatched nucleotide. Mismatched
probes are not hybridized efficiently and are not degraded.
Because SNPs represent the molecular basis of many blood
group antigens, a pair of TaqMan probes can determine the
three possible genotypes. TaqMan technology can also be used
to distinguish nucleotide insertions (or deletions) because one
probe can be specific to the insertion sequence and the other
probe can be designed to anneal across the deletion (e.g., the
17–base pair deletion of the common Vel– genotype6).

OpenArray Genotyping System Workflow
The OpenArray Real-Time PCR System (Life
Technologies) is summarized here. It uses real-time PCR–
fluorogenic 5´ nuclease TaqMan chemistry and is available
as the QuantStudio 12K Flex system. TaqMan chemistry can
discriminate between SNPs by using specifically designed
pairs of single-stranded DNA oligonucleotide probes and the
5´ to 3´ exonuclease activity of Taq polymerase.5 Each TaqMan
probe consists of a short single-stranded oligonucleotide
containing a 5´ fluorophore (e.g., 6-carboxyfluorescein
[FAM] or 4,7,2´-trichloro-7´-phenyl-6-carboxyfluorescein
[VIC]) and a 3´ quencher (e.g., tetramethylrhodamine
[TAMRA]). The principle was named TaqMan in reference
to its similarity with the PacMan video game: the 5´ to 3´

Fig. 1. The principle of the TaqMan assay involves prevention of
fluorescence of a fluorophore by the close proximity with a quencher
in a nucleotide probe. As the Taq polymerase reaches the probe, the
5´ to 3´ exonuclease activity of the polymerase degrades the probe,
the fluorophore is released from the quencher, and fluorescence
is detected (left panels). A typical TaqMan assay has two such
probes that detect a single nucleotide difference at a specific
location between two alleles of a given gene. Probes that are not
100 percent homologous with the DNA sequenced do not bind
sufficiently and the Taq polymerase cannot degrade the probe to
release the fluorophore from the quencher (right panels).
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Materials and Methods
The red cell genotyping method described in the proofof-principle7 consists of three major steps: DNA extraction
templated on a 96-well format; red cell genotyping (assay
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setup, PCR amplification, and fluorescence measurement),
and results analysis. Electronic uploading to a LIMS is
included in the methodology because it is desirable to compare
existing historical phenotype with genotype results, including
D antigen. Without this electronic data step, high-throughput
genotyping is reduced to mass-scale testing followed by
perusal of instrument printouts for desired antigen-negative
genotypes.
The OpenArray system requires the use of a robotic
sample loader for the arrays (OpenArray Accufill System, Life
Technologies) because an array consists of 3072 open wells.
The OpenArray is a thin stainless steel wafer comprising holes
capable of holding 33 nL of fluid that are precision-drilled in
an arrangement of 48 matrices or subarrays. Each subarray
is configured in an 8 × 8 format. The hydrophobic exterior
of the wafer maintains the liquid inside the wells. Each well
is preloaded with a TaqMan assay by the manufacturer.
Genomic DNA concentrations can range from 10 to 50 ng/µL,
with the higher concentration preferred because the nanovolume reduces the input DNA to approximately 80 genome
equivalent, or 40 copies of an allele for a heterozygous
sample. For red cell genotyping, 32 TaqMan assays customdesigned to identify 42 common and rare blood group
antigens are preloaded into the wells.3 Therefore, each
8 × 8 subarray consists of two sets of four rows containing
the 32 assays (Fig. 2). The instrument can handle up to four
arrays in a single run. The attractive feature of single-well
testing is the flexibility to change one or more assays without

Fig. 2. A schematic diagram of an OpenArray (Life Technologies).
Each wafer consists of 48 subarrays (bottom) arranged in matrices
of 8 × 8 wells (magnified on the right) and capable of holding 33 nL
of fluid. The negative hydrophobic nature of the outside maintains the
fluid within the hydrophilic wells (© 2015 Thermo Fisher Scientific
Inc. Used under permission).
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compromising the validity of other assays, since each well
represents a single TaqMan reaction. Arrays must be ordered
as a minimum of a set of 10, however.
DNA Extraction
Any DNA extraction method is acceptable provided the
yield is greater than 10 ng/µL and of high purity (OD260/280
nm ratio: 1.7 ± 0.2). ISBT unit barcodes can be used as the
sample ID electronically scanned into a 96-well template,
which matches the number of samples interrogated in a
single array. A PCR-grade water “sample” serves to evaluate
cross-contamination during DNA extraction and can be used
as the No Template Control (NTC) during genotyping. The
DNA concentration and OD206/280 nm ratio is measured on
a subset of samples from each 96-well plate using an eightchannel spectrophotometer by Nanodrop chemistry. If one of
the eight samples falls outside the acceptable limits, the entire
plate can be evaluated for repeat extraction. Alternatively, all
samples can be evaluated and then the decision made whether
individual samples should be subjected to DNA extraction or
whether the extraction run failed. The extraction of DNA into
removable eight-well strips facilitates the replacement of any
one column with a set of DNA controls that are pre-pipetted
into eight-well strips.
Red Cell Genotyping Steps
1) Array setup for 384 samples: Typically, a set of 16 controls
and 4 NTCs are included with each batch of 4 arrays. In
this way, 364 unknown samples can be interrogated in a
single run. A batch of 4 arrays potentially produces 15,288
discrete results (91 unknown samples per array × 4 arrays
× 42 blood group antigens). The initial sample and master
mix setup has three steps that can be performed with an
8- or 12-multichannel micropipettor.
a. Pipette the master mix (Taq polymerase, dNTPs, and
PCR buffer) into a 384-well plate
b. Pipette DNA samples, controls, or NTCs into the 384well plate
c. Use the robotic OpenArray AccuFiller to distribute the
samples from the master plate to the subarrays
2) PCR amplification: The arrays are placed into cassettes
and sealed with an oil-based product. The arrays are laid
flat on a standard thermal cycler that has been fitted with
an array holder. The assays are designed for standard
TaqMan two-stage cycling as outlined in Table 1.
3) Fluorescence measurement: After PCR amplification, the
arrays are evaluated for FAM and VIC fluorescence. The
array can be evaluated for fluorescence integrity if the
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Table 1. Thermal cycling conditions for real-time array polymerase
chain reaction
Temperature (°C)

Time (min)

Cycles

Ramp rate (%)

1

100

40–50

100

1

100

93

10:00

95

00:45

94

00:13

53

2:14

25

2:00

4

Hold

84
44

master mix contains a passive fluorescence dye like ROX.
The passive dye fluorescence evaluation allows each well
to be assessed for DNA content.
4) Results analysis: The platform software assigns samples
with similar FAM/VIC fluorescence ratios into single
groups, which represents the three genotype clusters. Any
result that does not meet the stringency set by the software
is defined as “Outlier” (excessively high fluorescence), a
“Do Not Call” (no cluster designation), or a “No Call” (low
fluorescence), each of which are excluded from assigning a
result to the output file. Essentially, a sufficient number of
DNA controls are tested such that the software correctly
assigns the value to the expected homozygous genotypes
and the heterozygous genotype. Assays that interrogate
SNPs for rare blood group genotypes such as Yt(a–) may
not have sufficient data for the software to assign a cluster.
In these instances, the rare homozygous cluster can be
defined by the operator or assumed on the basis of the
two remaining genotype clusters. Controls that do not
generate a result or are not assigned to the correct cluster
indicate that the assay has failed. Unknown samples that
reproducibly lie outside a cluster for a particular assay
may be an indication of a possible variant allele and can
be further evaluated by manual molecular methods.
Upload to a LIMS
The advantage of red cell genotyping is the ability to
manufacture synthetic reagents for assays that interrogate
the vast number of SNPs associated with blood group antigen
expression. Thus, the output of high-throughput mass-scale
testing creates “big data” that cannot be reasonably scanned
by eye or reviewed on a sample-by-sample results basis.
End-to-end connectivity from DNA extraction to predicted
phenotype display is necessary and can be accomplished
by parsing the instrument output file, composed of the A,
C, G, or T nucleotides, and then translating the parsed data
into predicted phenotypes using a defined electronic rules
engine.8 We chose to express predicted phenotypes using ISBT
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nomenclature (e.g., FY1) to distinguish them from serological
phenotypes (e.g., Fya). The predicted phenotype data set is
then aligned with other phenotype and donation information.
Figure 3 summarizes the steps necessary to upload the data
to be compatible with a blood center LIMS. The parsed data
and donor information can be subjected to logical arguments
to create exception reports. The following exception reports
provide important control and information throughout the
entire red cell genotyping process:
• Donor did not meet repeat donation criteria
• Previous genotype does not match current genotype
(repeat testing control)
• Donor genotyped twice (selection criteria not met)
• Phenotype does not match genotype (discrepancy)
• RHD detected in a D– donor (serologic weak, Del, or
non-functional allele)
• Carrier of a rare recessive allele detected (e.g.,
RHCE*ce667C/T, 676G/G)

Fig. 3. Summary of the steps taken to import, translate, parse, and
analyze red cell genotyping data in relation to donor information.
Queries and reports can be designed to extract useful predicted
phenotype (genotype) information. Predicted phenotypes are
distinguished from antigen phenotypes by using a distinct
nomenclature (not shown).

Discussion
Strengths and Limitations
TaqMan open array systems are very flexible. QuantStudio
arrays can be formatted to run 16 assays on 144 samples, 32
assays on 96 samples, or 64 assays on 48 samples. Array
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setup, PCR amplification, fluorescence evaluation, and results
analysis for a run of four arrays in a single run of 32 assays
on 96 samples plus controls (n = 384) consumes about 2.5
hours of hands-on time and can be accomplished comfortably
in a single 8-hour shift. The equivalent hands-on time using
a manual TaqMan and 96-well microplate format run on a
fluorescent-based instrument (e.g., Lightcycler) would be three
samples plus controls. The QuantStudio Accufiller provides
the automation necessary for the critical sample loading
step. Reagent costs include DNA extraction, TaqMan assays,
master mix, nanofluidic arrays, and precision pipette tips for
nanoliter dispensing. Fixed costs including capital equipment
(depreciated over 7 years), reagents and consumable costs,
along with hands-on time and data review places the overall
cost at approximately $1.35 per SNP.
One advantage of an “open” system is the ease of assay
design and validation. Each assay is designed and tested
for robustness in separate validation experiments. The
probe length and position across the SNP of interest can be
adjusted so that the assay performs optimally using one
TaqMan amplification profile. Software programs exist that
help with the in silico design of amplification primers and
TaqMan probes; typically, adjustments to optimize an assay
are needed in about 10 percent of all assays developed. Once
validated using the standard protocol, the assay can be added
to the platform. For example, the gene responsible for the
expression of Vel was reported in 2013, and a TaqMan assay
was developed shortly thereafter. It could not be added to a
multiplex assay without re-validating all the remaining assays
in the mix. Nevertheless, using a single reaction well design,
the Vel assay was validated and could be added to the suite,
or substituted for another to maintain a preset format of, for
example, 32 assays. In addition, as phenotype–genotype
discrepancies identify low-frequency nucleotide variation that
affects performance, assays can be redesigned to account for
this variant nucleotide. This feature is particularly attractive
when a founder allele is identified among an ethnic or racial
population.
As with any nucleic chemistry, the TaqMan principle has
some weaknesses. Genotyping methods that rely on PCR to
amplify a region of interest before interrogation are errorprone to nucleotide variation in the region of the amplification
primers. Nucleotide variations in these regions can appear as
functional hemizygotes. In other words, only the single nonvariant allele is amplified, and the sample appears homozygous
for the associated SNP. A low-frequency nucleotide variation
in the region of the oligonucleotide probes affects TaqMan
assays. A probe will not have sufficient homology to an SNP
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if there is a mismatch elsewhere in the probe. The sample
will appear homozygous for the alternate SNP that does not
contain the variant nucleotide. For regions with known SNPs
in close proximity, Taqman assays can be designed with
inosine incorporated into the probes to compensate for the
destabilizing effect of a nearby SNP.9
Validation of Custom Assays
We prefer to evaluate 10 samples of each genotype (10
homozygous, 10 heterozygous, 10 low frequency) for SNPs that
have relatively equal allele frequencies. For rare blood group
antigens, we test 10 of the common antigens, and as many
heterozygous samples as can be reasonably found, and one
rare homozygous allele. Without at least one rare homozygous
allele, the three genotype clusters cannot be defined and with
that shortcoming, the heterozygous cluster may not be clearly
defined.
Implementation
Mass-scale testing can be implemented for one of two
purposes. Red cell genotyping can be intended to be used
as a screening tool, with the results confirmed by serology
with licensed or unlicensed antisera, or alternatively can be
confirmed by a validated molecular test. As of April 2014,
Immucor’s PreciseType is the only U.S. Food and Drug
Administration–licensed molecular test for RBC genotyping.
Lab developed tests that have been validated in compliance
with national lab standards present an alternative at the
present time.
When used as a screening tool, assay robustness may be
relaxed so that the number of samples tested is maximized.
This approach means that assays with high guanine/cytosine
content or that show a limited variation are still acceptable
for use because (1) clustering will for the most part exclude
these samples from assigning a wrong genotype and (2) the
confirmation of antigen expression performed to label blood
units will identify discrepancies. When implemented as a
screening tool, our preference is to optimize assays such that
the number of samples that are not assigned a genotype (the
No Call rate) is less than 1 percent for 90 percent of the assays,
with no assays having a No Call rate exceeding 5 percent.3
Otherwise, too much data are irretrievably lost.
We have evaluated over 50,000 samples using TaqMan
assays in an open platform design. Whether the approach
will be widely adopted in transfusion medicine is uncertain.
The flexible design and development costs per assay, along
with multiple platform choices, make it attractive to become
the preferred screening tool for rare antigens among donors.
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The flexibility does have the disadvantage that reagent
quality control is the responsibility of the purchaser of the
platform. The lack of commercially available reagent kits relies
on collaborative agreements between institutions to share
technical information. Otherwise, the utility of this approach
is limited to labs with the technical expertise to design their
own assays and the availability of rare DNA genotyped
samples from repositories such as the Serum Cells and Rare
Fluids exchange.
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Blood group genotyping: the power and
limitations of the Hemo ID Panel and
MassARRAY platform
R.S. McBean, C.A. Hyland, and R.L. Flower

Matrix-assisted laser desorption/ionization, time-of-flight mass
spectrometry (MALDI-TOF MS), is a sensitive analytical method
capable of resolving DNA fragments varying in mass by a
single nucleotide. MALDI-TOF MS is applicable to blood group
genotyping, as the majority of blood group antigens are encoded
by single nucleotide polymorphisms. Blood group genotyping by
MALDI-TOF MS can be performed using a panel (Hemo ID Blood
Group Genotyping Panel, Agena Bioscience Inc., San Diego, CA)
that is a set of genotyping assays that predict the phenotype for
101 antigens from 16 blood group systems. These assays involve
three fundamental stages: multiplex target-specific polymerase
chain reaction amplification, allele-specific single base primer
extension, and MALDI-TOFMS analysis using the MassARRAY
system. MALDI-TOF MS–based genotyping has many advantages
over alternative methods including high throughput, high
multiplex capability, flexibility and adaptability, and the high
level of accuracy based on the direct detection method. Currently
available platforms for MALDI-TOF MS–based genotyping are
not without limitations, including high upfront instrumentation
costs and the number of non-automated steps. The Hemo ID
Blood Group Genotyping Panel, developed and optimized in a
collaboration between the vendor and the Blood Transfusion
Service of the Swiss Red Cross in Zurich, Switzerland, is not
yet widely utilized, although several laboratories are currently
evaluating the MassARRAY system for blood group genotyping.
Based on the accuracy and other advantages offered by MALDITOF MS analysis, in the future, this method is likely to become
widely adopted for blood group genotyping, in particular, for
population screening. Immunohematology 2015;31:75–80.

Key Words: blood group genotyping, matrix-assisted laser
desorption/ionization, time-of-flight mass spectrometry
(MALDI-TOF MS), single base primer extension, highthroughput genotyping
Matrix-assisted laser desorption/ionization, time-of-flight
mass spectrometry (MALDI-TOF MS), is a sensitive analytical
method for the analysis of biomolecules, initially described
for proteomics analyses in 1988.1,2 Proteomics applications
of MALDI-TOF MS have greatly diversified and now include
evaluation of the expression of specific proteins or peptides in
clinical samples for diagnosis of conditions including cancers,
ischemic stroke, diabetes, and major depression.3,4 The
identification of microorganisms based on peptide and protein
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biomarkers is another widely utilized application of MALDITOF MS.5,6 The analysis of nucleic acids by MALDI-TOF MS
was first described in 1995 when the ability of MALDI-TOF
MS to resolve DNA fragments varying in mass by a single
nucleotide was demonstrated by Tang et al.7
Genotyping assays using MALDI-TOF MS can be
separated into three distinct stages: multiplex target-specific
polymerase chain reaction (PCR) amplification, allele-specific
single base primer extension, and MALDI-TOF MS analysis.
For single base primer extension, primers are designed to
anneal adjacent to the single nucleotide polymorphism (SNP)
of interest, and the reaction occurs in the presence of terminating nucleotides (similar to the use of dideoxynucleotides in
Sanger sequencing) to limit the extension to one nucleotide.
This generates allele-specific terminated extension products
of defined mass, dependent on the nucleotide incorporated at
the polymorphic base. The DNA extension products are then
analyzed by MALDI-TOF MS. The power of MALDI-TOF
MS analysis rests in the ability of the platform to resolve the
intrinsic physical property of the analyte, the molecular mass.
This principle makes MALDI-TOF MS an excellent tool for
approaching high-throughput analysis of variants, including
SNPs, and insertions/deletions, as well as somatic mutation
screening, quantitative gene expression and copy number
variation analysis, and DNA methylation detection.8
MALDI-TOF MS is an attractive method for blood group
genotyping because the majority of blood group antigens are
encoded by SNPs. The application of MALDI-TOF MS to
broad red blood cell (RBC) genotyping was first described by
Gassner et al. at the Blood Transfusion Service of the Swiss
Red Cross in Zurich, Switzerland, in a large cooperative project
with Sequenom, Hamburg, Germany (now Agena Bioscience).9
The aim of this large cooperative project was to develop and
implement a high-throughput blood group genotyping assay
utilizing MALDI-TOF MS technology. As an outcome of this
project, the Hemo ID Blood Group Genotyping Panel (Hemo
ID Panel) was developed and is now a commercially available
MassARRAY-based blood group genotyping assay (Agena
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Bioscience Inc., San Diego, CA). The Hemo ID Panel predicts
the phenotype of 101 antigens, including RBC antigens from 16
blood group systems and 23 platelet and neutrophil antigens.
MALDI-TOF MS has also been validated for blood group
genotyping of maternal blood samples, for prediction of fetal
D and K antigen status, although this application is outside the
scope of this review.10,11
The aim of this review is to describe blood group
genotyping utilizing MALDI-TOF MS with a focus on the
methods, strengths, limitations, and implementation of this
approach.

Table 1. The Hemo ID Panel workflow and required equipment
Step

Description

1 Obtain gDNA and prepare working
dilutions

DNA extraction system;
spectrophotometer

2 Multiplex PCR using Hemo ID PCR
primers

Thermal cycler

3 SAP inactivation

Thermal cycler

4 Extension PCR using Hemo ID
extension primers

Thermal cycler

5 Resin conditioning

360° plate rotator

6 Dispense extension products onto
SpectroCHIP

MassARRAY
Nanodispenser RS1000

Materials and Methods
Overview of the Hemo ID Panel
The Hemo ID Panel genotypes 170 alleles to predict
phenotypes for 101 antigens. The Hemo ID Panel can be
used in full for comprehensive analysis or separated into
six modules that can be purchased and run individually for
targeted genotyping. The modules currently available are
the Kell, Kidd, and Duffy; MNS; Rare Blood Groups; RHDRHCE Broad (RHD/C/E B); RHD Variant; and HPA and HNA
modules. The variants genotyped in each module are described
in detail by Gassner et al. and in the Hemo ID Blood Group
Genotyping Panel User Guide, supplied by Agena Bioscience
with the purchase of a Hemo ID Panel kit.9,12
The Hemo ID Panel genotyping procedure is described by
Gassner et al. and detailed step-by-step in the user guide.9,12 The
Hemo ID Panel kits contain all primers and reagents required
for genotyping, including nucleotides, buffers, enzymes for
PCR and post-PCR processing steps, and 96- or 384-well
plate launching pads (SpectroCHIPs, Agena Bioscience Inc.).
Genotyping utilizing the full Hemo ID Panel requires 10
multiplex reactions (wells) per sample, each containing 2 µL of
genomic DNA (gDNA) at a concentration of 10 ng/µL. In our
experience, using the 384-well SpectroCHIPs, 33 samples can
be run in addition to recommended blanks and assay controls.
MassARRAY Genotyping
MassARRAY genotyping can be divided into eight steps.
Steps 1 to 6 involve analyte preparation and proceed from
extraction of gDNA to spotting of PCR extension products
onto a SpectroCHIP; steps 7 and 8 involve analyte analysis
(Table 1). As with any genotyping method, this procedure
should be performed in PCR containment facilities to
minimize risk of contamination from PCR products. The user
guide details containment recommendations and where each
procedural step should be conducted.
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Required equipment

Analyte preparation

Analyte analysis
7 MALDI-TOF MS analysis

MassARRAY Analyzer 4

8 Report generation

Typer v4.0 software

PCR = polymerase chain reaction; SAP = shrimp alkaline phosphatase;
MALDI-TOF MS = matrix-assisted laser desorption/ionization, time-offlight mass spectrometry. Additional standard laboratory equipment is also
required, including plate centrifuges, vortex, and microfuge. Genotyping
should be performed in PCR containment facilities to minimize PCR
contamination risk.

MassARRAY Genotyping: Analyte Preparation
Step 1 requires isolation of gDNA, from fresh blood or
tissue, frozen tissue, or cell lines, by standard extraction
methods. Following isolation of gDNA, a working dilution
of 10 ng/µL is prepared. Once gDNA samples are prepared,
MassARRAY genotyping begins with the generation of DNA
fragments by multiplex target-specific PCR amplification (step
2). Following generation of DNA fragments, excess nucleotides
are removed by shrimp alkaline phosphatase (SAP) inactivation
(step 3) and allele-specific single base primer extension is
performed (step 4). During the primer extension stage, an
oligonucleotide primer anneals immediately adjacent to the SNP
of interest in the presence of the complementary terminating
nucleotide. This ensures extension is limited to incorporation
of a single nucleotide complementary to the variant at the SNP
position. Following this extension, conditioning is performed
using an ion-exchange resin to remove excess salts that can
interfere with the quality of the mass spectra (step 5). In step
6, the DNA extension products (analytes) are dispensed onto
a SpectroCHIP using the RS1000 Nanodispenser (Agena
Bioscience Inc.). SpectroCHIPs are pre-spotted with 384 or 96
spots of matrix; once dispensed, the DNA extension products
(analytes) and matrix co-crystalize.
MassARRAY Genotyping: Analyte Analysis
In step 7, the SpectroCHIP is inserted into the MassARRAY
Analyzer for MALDI-TOF MS analysis. During MALDI-TOF
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MS, the analyte/matrix co-crystals are irradiated with a short
laser pulse, which causes the matrix and DNA fragments
to desorb, ionize, and be accelerated in an electric field
towards a detector. Data acquisition for time of flight (TOF)
determinations takes 3 to 5 seconds per sample and involves
20 to 50 laser shots per sample, such that a 384-well plate is
analyzed within 30 minutes. The TOF is calculated from the
time of arrival at the detector and is proportional to the mass
of the individual molecules. Low-mass molecules arrive in a
shorter time than higher mass molecules, allowing resolution
of the nucleotide incorporated onto the extension primer at
the polymorphic site. After data acquisition, a spectrum is
produced with relative intensity on the y-axis and mass/
charge on the x-axis. An example of the spectrum acquired
for genotyping of the alleles associated with the Diego blood
group antigens, Dia and Dib, is shown in Figure 1.

A

B

C
MassARRAY Genotyping: Software and Report
Generation
When setting up a plate for analysis, the user assigns samples
and Hemo ID Panel modules to plate wells using software (Typer,
Agena Bioscience Inc.). The modules are defined by the Hemo
ID Module Definition Files (available for download), which
provide all necessary specifications to the software, including
extension primer sequences and mass, as well as the expected
products and mass. Acquired data are processed by Hemo ID
Report software, which analyzes the allele peak intensities to
determine genotyping calls. The software interprets one, or a
combination of multiple, genotyping calls to predict phenotype.
A report is then generated detailing genotype and the associated
predicted phenotype (step 8). In addition to data acquisition
and analysis, the Hemo ID Report software includes qualitycontrol monitoring and allows for extensive customization
of reports.
Strengths and Limitations
Strengths of MassARRAY Genotyping
MassARRAY-based genotyping has many strengths,
ranging from the properties of MALDI-TOF MS technology,
to throughput and flexibility. First, MALDI-TOF MS results
are determined based on the detection of an intrinsic physical
property—the molecular mass of the analyte. This differs from
alternative SNP genotyping methods that rely on differential
hybridization to allele-specific probes and indirect methods
such as fluorescence detection to determine genotype. For
example, indirect genotyping methods often detect either
a “red” or “green” fluorescent signal, which is correlated to
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Fig. 1. Matrix-assisted laser desorption/ionization, time-of-flight
mass spectrometry (MALDI-TOF MS) mass spectra plotting peak
intensity (y-axis) against mass (daltons) (x-axis). MassARRAY Typer
software analyzes the allele peak intensities to determine genotype
calls. The example mass spectra here are taken from an assay
genotyping the Diego blood group alleles DI*A and DI*B. (A) Mass
spectrum of a DI*B/B sample showing a single peak of 5169 Da
indicating homozygosity for cytosine. (B) Mass spectrum of a DI*A/A
sample showing a single peak at 5249 Da indicating homozygosity
for thiamine. (C) Mass spectrum of a DI*A/B sample showing peaks
at both 5169 Da and 5249 Da indicating heterozygosity for cytosine
and thiamine.

the presence or absence of an allele to determine genotype.
MALDI-TOF MS offers increased accuracy and specificity
over indirect methods, as genotypes are determined directly
by detection of a peak at the known mass of an allele; there is
no requirement for labelling of extension products. Although
available indirect methods have proved to be robust and are
widely used, the potential for false negatives or false positives is
higher than for MALDI-TOF MS–based genotyping.8,13–15 The
robustness of the MassARRAY platform and Hemo ID Panel
have been demonstrated by Sequenom and independently by
Meyer et al. with interlaboratory reproducibility studies.16,17
Sequenom reported a rate of 100 percent concordance
between genotype and phenotype for 47 samples across three
collaborating laboratories. In the study by Meyer et al., 760
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samples were tested in two collaborating laboratories for a total
of 11,400 SNPS with resulting genotype call rates differing by
only 0.5 percentage points between the two laboratories (99%
and 98.5% call rates), and the genotyping concordance was
100 percent.17
The optimal application of MALDI-TOF MS–based
genotyping is high-throughput, as the technology supports
very highly multiplexed reactions. MALDI-TOF MS assays
are robust up to the 40× multiplex level.18 In principle, the
MassARRAY system has the capacity to genotype over
100,000 SNPs per day. For blood group genotyping, Meyer
et al. reported that one technician could genotype 760 gDNA
samples with the Hemo ID Kell, Kidd, and Duffy module
(which genotypes 15 SNPs) in 8 hours with 2.5 hours of handson time, excluding gDNA extraction and data processing.17
Finally, the MassARRAY system with the Hemo ID Panel
offers adaptability and flexibility, as genotyping is based on
the principle of single base extension. This means assays can
be easily adapted by adding/removing PCR and extension
primers, as no fixed format DNA chips are required. For
example, when the genetic basis of the Vel blood group antigen
was described in 2013,19 the associated polymorphism was
incorporated into the Hemo ID Panel by the manufacturer
within 4 weeks. The Hemo ID Panel also offers flexibility,
as the multiple genotyping modules can be purchased
and run as a comprehensive genotyping assay, or tested
individually to allow targeted genotyping. If further flexibility
or customization is desired, design of custom MassARRAY
assays is a straightforward process. Custom design of assays
is performed with the online MassARRAY Assay Design
Suite (ADS) software (https://www.agenacx.com) and
involves the input of polymorphisms of interest, followed by
the automatic generation of PCR and extension primers and
multiplex reactions. Following custom design, kits containing
all required primers and reagents for MassARRAY genotyping
are available from Agena Bioscience.
Limitations of MassARRAY Genotyping
MALDI-TOF MS genotyping has some limitations,
including high upfront instrument acquisition costs and
the number of non-automated steps. First, the cost of
instrumentation required for MassARRAY genotyping
is relatively high in comparison with other commercially
available genotyping systems. MassARRAY genotyping
requires equipment standard to most laboratories, including
thermocylers and plate centrifuges, in addition to two
specialized pieces of equipment: a nanodispenser and
mass spectrometer (Table 1). The list price for the complete
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MassARRAY 4, 384-well format system is ~$295,000, and a
96-well format system costs ~$200,000. All figures provided
are in U.S. dollars and are current as of September 2015. Once
instrumentation has been purchased, the cost of genotyping
on the MassARRAY system is comparable to or less expensive
than, other methods. Per-sample cost for analysis on the
complete Hemo ID Panel would cost ~$110 in consumables on
the 384-well format system, or ~$135 on the 96-well format
system. Considering the complete Hemo ID panel provides
predicted phenotypes for 101 antigens, this calculates to less
than $1.35 per antigen, regardless of the format utilized.
As discussed, the MassARRAY system has highthroughput genotyping capacity. In combination with the high
upfront equipment costs, this may be considered a limitation
by small-sized laboratories, as the cost-to-benefit ratio of lowthroughput testing only, such as referred patient samples, may
be difficult to justify.
A further limitation is the number of hands-on steps
involved in the MassARRAY genotyping workflow. Handson steps include the preparation and pipetting of mastermixes
for the PCR steps (steps 2 and 4), preparation and pipetting
of the SAP inactivation mastermix (step 3), and the addition
of resin to reaction wells (step 5). In general, workflows with
multiple hands-on steps have the potential to introduce human
error—for example, by incorrectly calculating the quantity of
mastermix components, or by missing wells during pipetting.20
Additionally, workflows with multiple hands-on steps reduce
the reproducibility of assays and increase the risk of amplicon
contamination. Most of these steps are amenable to liquid
handling robotics available from Agena Bioscience, but this is
an additional expense.
Furthermore, the MassARRAY system and the Hemo ID
Panel, at the time of writing, are not cleared by any regulatory
body and are therefore for research use only, which may be
considered a limitation in comparison with longer-established
systems (BloodChip Reference Progenika Biopharma S.A.,
Grifols, Bizkaia, Spain), which has obtained CE marking, or
the recently U.S. Food and Drug Administration–approved
human erythrocyte antigen typing system (PreciseType™
HEA Molecular BeadChip™ Test, Bioarray Solutions,
Immucor, Warren, NJ).
Implementation
The Hemo ID Panel has only recently been developed
and is not yet widely utilized. As mentioned, this assay was
developed and validated in part by Gassner et al. at the
Blood Transfusion Service of the Swiss Red Cross in Zurich,
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Switzerland.9 Gassner et al. validated the Hemo ID Panel by
comparing genotype with available phenotype data, including
samples with known variants.9 The Blood Transfusion Service
of the Swiss Red Cross has now implemented large-scale
testing using the Hemo ID Panel with several aims, including
the genotyping of 36,000 Swiss donors using the Rare
Blood Groups module.9,17 The most recent report from this
laboratory described the genotyping of 4000 samples using
the Kell, Kidd, and Duffy modules with over 99.7 percent
genotype/phenotype concordance overall for the clinically
significant blood group antigens K/k, Kpa/b, Jka/b, and Fya/b.17
The majority of discrepancies were caused by erroneous
serology profiles attributable to weakly expressed antigens,
with additional discrepancies caused by the presence of rare
or novel null alleles within the sample set.17 Based on their
experience to date, Meyer et al. concluded that MALDI-TOF
MS–based genotyping proved practical in a routine laboratory
setting and qualitatively outperformed serology.17
At the Australian Red Cross Blood Service, our experience
with MassARRAY genotyping has been in relation to typing
reagent RBC donors and other selected donors. We first
compared the performance of the Hemo ID Panel with two
established genotyping platforms (BloodChip Reference,
Progenika, and HEA and RHD BeadChip, BioArray Solutions).
This involved genotyping of 300 extensively phenotyped
reagent RBC donors. A phenotype genotype discrepancy rate
of 7.0 percent was detected, and all discrepancies identified
were in clinically significant blood group systems.21 In all
cases of discrepancy, homozygosity for either D, Fya, or Fyb
was inferred based on serology, but genotyping revealed
variants encoding weak or null antigen expression.21 Overall,
this study highlighted the utility of genotyping, specifically for
identifying donors carrying SNPs associated with weak and
null antigen expression, which routine serology did not detect.
Furthermore, in this study, genotyping by all three platforms
achieved sensitivity and specificity of 100 percent on the
sample set tested, providing evidence that the MassARRAY
system and the Hemo ID Panel are equally accurate when
compared with the established genotyping systems.21
In subsequent studies, the flexibility offered by the
MassARRAY genotyping platform was explored. These studies
were undertaken in collaboration with Agena Bioscience to
develop custom-designed assays for genotyping of certain
ethnically associated blood group polymorphisms. For all
of these pilot genotyping studies, MassARRAY genotyping
data were compared with historical serology and in-house
genotyping results. When further analysis was necessary,
samples were tested by Sanger sequencing.
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First, we designed and validated a MassARRAY-based
assay to genotype the SNP associated with Ina and Inb, as
antisera for phenotyping these antigens are extremely limited.22
In addition, currently available commercial platforms have not
incorporated this blood group polymorphism into their tests.
For 151 samples, the MassARRAY results were 100 percent
concordant with in-house genotyping and serologic testing
results, illustrating the potential to extend and develop this
method for other antigens.22
Second, we designed a MassARRAY-based assay for
genotyping the SNP 2561C>T of SLC4A1, associated with
the Diego blood group antigens, Dia and Dib (Figure 1). It is
important to note that adjacent to the DI*A/B polymorphism
is a silent SNP, c.2562G>A. Our laboratory has an established
high-resolution melt analysis assay for genotyping of DI*A/B,
and this adjacent SNP has the potential to confound genotyping
results. We included an additional extension primer in our
DI*A/B MassARRAY assay to allow genotyping of c.2562G>A
as proof-of-principle to explore the application of genotyping
multiple SNPs within a single amplicon. We incorporated
inosine in the extension primer design, as inosine displays some
bias in base pairing, but is less destabilizing than mismatches
involving the four standard bases (A/C/G/T). This allowed
the extension primer to span position c.2561, regardless of
the DI*A/B genotype, to genotype the SNP at position c.2562.
This investigation highlights the complexity of genotyping
and the requirement to reference SNP databases during assay
design to ensure all reported variants are considered. In
this case, a MassARRAY assay that overcame this difficulty
was developed, and MassARRAY results were 100 percent
concordant with in-house genotyping and serological testing
results for 151 samples.
Although the majority of blood group antigens are encoded
by SNPs, two clinically significant blood group systems, Rh
and MNS, include numerous hybrid alleles. The MassARRAY
platform uses exon scanning to characterize hybrid alleles
within the Hemo ID Panel, particularly for the Rh blood group
system. Our third custom assay focused on genotyping hybrid
glycophorins within the MNS blood group system, which are
of interest in the ethnically diverse Australian population. For
the complex MNS hybrid glycophorins, a genotyping assay
was developed to classify published GYP(B-A-B) hybrid alleles,
including the recently characterized GYP*KIP.23
At present, MassARRAY-based genotyping for blood
group polymorphisms has only been reported by Gassner et
al. and Meyer et al. from the Blood Transfusion Service of the
Swiss Red Cross and McBean et al. and Lopez et al. at the
Australian Red Cross Blood Service.9,17,21,22 In the International
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Society for Blood Transfusion (ISBT) Molecular Blood Group
Genotyping Workshop in 2014, four laboratories reported
using a MALDI-TOF MS–based genotyping platform, and we
anticipate that future data from these trials will provide further
evidence of the strengths and limitations of the MALDI-TOF
MS approach.
In conclusion, MALDI-TOF MS technology offers many
advantages, including the high level of accuracy based on the
direct detection of an intrinsic physical property of the analyte,
high-throughput, high-multiplex capacity, and potential for
flexibility and adaptation. In the future, MALDI-TOF MS–
based genotyping has the potential to become widely adopted,
in particular for donor screening for an extended array of blood
group polymorphisms.
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Molecul ar Method

HEA BeadChip™ technology in
immunohematology
C. Paccapelo, F. Truglio, M.A. Villa, N. Revelli, and M. Marconi

Classic methods to determine human red blood cell (RBC)
antigens are based on serologic testing. Thanks to increased
knowledge of the molecular basis associated with many blood
group antigens, it is currently possible to predict their presence or
absence on the red cell membrane. Several molecular techniques
have been developed to detect the most important allelic variations
attributable to single nucleotide polymorphisms. The human
erythrocyte antigen (HEA) BeadChip™ system manufactured
by BioArray Solutions (Immucor, Warren, NJ) is one of the
commercial DNA array platforms currently available to predict
HEAs by DNA analysis. This technology provides a useful tool to
increase the inventory of antigen-negative RBC units and prevent
immunization of patients who require chronic transfusion by
providing compatible RBC units based on matching by DNA
testing. Immunohematology 2015;31:81–90.

Key Words: blood groups, DNA array genotyping,
transfusion strategy, review, HEA
Blood groups are proteins, glycoproteins, or glycolipids
present on the red blood cell (RBC) membrane. For more than
a century, hemagglutination has been the gold standard for
their detection. However, blood grouping by hemagglutination
has certain limitations, including subjectivity, short supply or
unavailability of commercial reagents, limited automated highthroughput capability, labor-intensive testing, and difficulties
in phenotyping recently transfused patients or transfusion
candidates with IgG-coated RBCs.1
During the past two decades, the molecular basis of
almost all major blood group antigens has been defined.2 This
step has prompted the development of molecular assays to
determine the presence or absence of alleles for various blood
groups and to predict the RBC phenotype.
Human blood groups show great genetic diversity.
More than 1200 alleles have been described and close to 50
genes are involved in the expression or suppression of blood
group antigens. Antigen diversity arises from changes at the
gene level. The most common genetic variations are single
nucleotide polymorphisms (SNPs) in the gene coding region.
Other variations linked to antigen expression or suppression
are gene deletion, insertion/deletion polymorphisms, copy
number variation, and intergenic recombination.
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In the last few years, several SNP genotyping methods
have been developed and used in transfusion medicine. They
can be divided into low-, medium-, and high-throughput DNA
typing methods. DNA microarrays integrate thousands of
reactions into a single test and can be used in high-throughput
settings. Some microarrays use glass slides spotted with DNA
probes, others are bead-based, and still others are fluidic
arrays. In addition to the research-developed platforms,
several commercial systems are currently available.3–5
The human erythrocyte antigen (HEA) BeadChip™
system (BioArray Solutions, Immucor, Warren, NJ) is a
commercial platform currently available to predict HEAs by
DNA analysis. The HEA BeadChip kit, which was CE-marked
in accordance with the EU IVD Directive, is distributed only
in Europe and its sibling, the Immucor PreciseType™ HEA
Test, has recently been approved by the U.S. Food and Drug
Administration (FDA) and is now commercially available in
the United States.
The HEA BeadChip method
The initial version of the HEA BeadChip system was made
available in 2005 for research use only. After some preliminary
studies and subsequent modifications of the SNPs available on
the chip in 2007, an updated version was submitted for CE
mark in 2009.6,7 The latter was evaluated in a study carried
out on 135 patient and 965 donor samples, performed by three
European Reference Laboratories: CNRGS-INTS (Centre
National de Référence pour les Groupes Sanguins, Institut
National de la Transfusion Sanguine, Paris, France), Ospedale
Maggiore Policlinico (Milan, Italy), and Red Cross Blood
Donor Centre (Madrid, Spain). The accuracy of the BeadChip
technology was evaluated by testing well-characterized
samples using serology, sequence-specific primer–polymerase
chain reaction (SSP-PCR) or Sanger sequencing. In addition,
any discordant result between serology and HEA tests was
further analyzed by Sanger sequencing of the index antigens.
In May 2010, the HEA BeadChip kit was CE-marked and,
in 2014, the FDA announced the approval of the Immucor
PreciseType HEA Test to determine donor and patient
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Table 1. Polymorphisms detected by HEA BeadChip system
non-ABO/non-RhD RBC types. The accuracy of
the PreciseType HEA Test was evaluated by testing
Blood group
system
Analyte
Polymorphism ISBT phenotype
ISBT genotype
914 samples that had been well characterized using
Rh
c/C
307 C>T
RH4, RH2
RHCE*4, RHCE*2
serology or a bidirectional sequencing method
109 Ins
in addition to a set of 902 additional samples
previously run as a part of a performance evaluation
e/E
676 G>C
RH5, RH3
RHCE*5, RHCE*3
study in Europe. A lot-to-lot repeatability and
V
1006 G>T
RH10
RHCE*01.20.01
reproducibility study was also performed for a total
RHCE*01.20.02
of 330 tests with 100 percent repeatability and
RHCE*01.20.04
reproducibility. There are currently 35 centers using
RHCE*01.20.05
BioArray Solutions technology internationally,
VS
733 C>G
RH20
primarily in Europe, including some of the largest
Kell
K/k
698 T>C
KEL1, KEL2
KEL*01, KEL*02
donor centers and most prominent medical centers
a
b
Kp /Kp
961 T>C
KEL3, KEL4
KEL*03, KEL*04
in the world. Since the initial introduction of the
a
b
Js /Js
1910 C>T
KEL6, KEL7
KEL*06, KEL*07
HEA BeadChip kit, more than 700,000 tests have
Duffy
Fya /Fyb
125 G>A
FY1, FY2
FY*01, FY*02
been performed as reported by Immucor (http://
GATA
–67 T>C
FY-2
FY*02N.01
www.fda.gov/downloads/AdvisoryCommittees/
(silencing FY )
CommitteesMeetingMaterials/BloodVaccinesand
Fyx[Fy(b+w)]
265 C>T
FY2W
FY*02M
OtherBiologics/BloodProductsAdvisory
a
b
Kidd
Jk /Jk
838 G>A
JK1, JK2
JK*01, JK*02
Committee/UCM389138.pdf).
MNS
M/N
59 C>T
MNS1, MNS2 GYPA*01, GYPA*02
The HEA BeadChip system detects 24 RBC
S/s
143 T>C
MNS3, MNS4 GYPB*03, GYPB*04
polymorphisms associated with 38 antigens and
Silencing S
In5 g>t
MNS-3, 5W
GYPB*03N.01 or
phenotypic variants in a single test (Table 1). The
MNS-3,-4,-5
GYPB*03N.02
assay also detects a mutation (HgbS 173A>T) in
Silencing S
230C>T
GYPB*03N.03 or
the beta-globin gene. The HEA BeadChip system
GYPB*03N.04
currently provides information on the presence of
Lutheran
Lua /Lub
230 A>G
LU1, LU2
LU*01, LU*02
the GATA silencing mutation in the Duffy gene,
a
b
Diego
Di /Di
2561 T>C
DI1, DI2
DI*01, DI*02
which when present in a potential recipient can
a
b
Colton
Co /Co
134 C>T
CO1, CO2
CO*01, CO*02
permit transfusion of Fy(b+) blood, even when the
Dombrock
Doa /Dob
793 A>G
DO1, DO2
DO*01, DO*02
serologic phenotype is Fy(b–) and other clinically
Hy
323 G>T
DO4
DO*04
important gene variants, such as Uvar and SNPs
a
Jo
350 C>T
DO5
DO*05
found in some RHCE alleles. In addition, as reported
a
b
Landsteiner- LW /LW
308 A>G
LW5, LW7
LW*05, LW*07
in several abstracts, the HEA BeadChip can help
Wiener
to identify unusual variant GYPB alleles.8–10 The
Scianna
Sc1/Sc2
169 G>A
SC1, SC2
SC*01, SC*02
method is based on a short extension reaction of
—
HgbS
173 A>T
—
oligonucleotide probes bound to color-encoded
ISBT = International Society of Blood Transfusion.
beads using a PCR product as template. It consists
of five steps (Fig. 1) and takes about 5 hours. In
each run, it is possible to process from 6 to up to 94 samples,
limit of concentration of extracted genomic DNA is 15 ng/μL
including one negative and one positive control. In the FDAusing the PreciseType HEA Test. Furthermore, DNA is
licensed version, two synthetic DNA reference samples are
extracted by the Qiagen QIAamp DSP DNA Blood Mini Kit
tested along with patient or donor DNA samples.
(Qiagen, Valencia, CA) when using the PreciseType kit, whereas
Genomic DNA is extracted from EDTA whole blood
for the CE-marked kit, the use of a QIAampR DNA Blood Mini
samples to avoid PCR inhibitors (citrate, heparin). There are
Kit is recommended by the manufacturer. Genomic DNA is
some differences between the CE-marked HEA BeadChip
amplified with corresponding primers in one multiplex PCR
kit and the PreciseType HEA Test licensed by the FDA. A
by a Veriti 96-well thermal cycler (Applied Biosystems, Foster
DNA concentration of ≥10 ng/μL is required for optimal PCR
City, CA). Once the PCR is complete, residual oligonucleotide
amplification using the HEA BeadChip kit, whereas the lower
primers and deoxyribonucleotide triphosphates from the
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Bead Library Synthesis

Array Assembly-Singulation and Packaging-Decoding Image

Fig. 1. Steps of BioArray HEA BeadChip system.
Fig. 2. BeadChip production (modified from Moulds21, chapter 3,
with permission of Springer Publishers).

PCR are digested by ExoSAP reagent in the clean-up step.
The following step is lambda exonuclease digestion, which
generates ssDNA targets that are finally applied to the HEA
BeadChip carrier for the on-BeadChip elongation step using a
high-humidity hybridization oven (InSlide Out model 241000;
Boekel Scientific, Feasterville, PA). The BeadChip carrier
is a planar array with ~4,000 fluorescently encoded beads,
each of which accommodates approximately 106 probes of
20 nucleotides in length. A library of encoded functionalized
beads, including internal positive, negative, and system
controls, is immobilized in the BeadChip array, and for each
chip, a decoding image recording unique array configuration is
produced (Fig. 2). During the elongation reaction, the ssDNAs
are hybridized to the different oligonucleotide probes specific
for SNPs, and only complementary probes with ssDNA are
elongated by TAMRA-dCTP incorporation at the 3′ end. The
elongation products on the BeadChip surface are then detected
by a microscope capable of capturing fluorescent images.
The image of the fluorescence pattern within the array is
recorded with an automated BioArray Array Imaging System
(AIS) 400C equipped with fluorescence optics and a charged
coupled device camera, designed for use with the BeadChip
kits. To generate test results, the assay image is combined with
a previously recorded decoding image. Information defining
the bead locations is lot specific and is loaded from a CDROM inserted in the BeadChip carrier kit. Using the recorded
intensities and lot-specific cutoff values, genotype and predicted
phenotypes are determined for each BeadChip. The ratio of
assay signal intensities produced by a pair of probes (one probe
matching the “A” allele and another matching the “B” allele)
provides the basis for allele discrimination. Probe pairs that
fall into this category produce three genotypes: homozygous
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015

A, homozygous B, and heterozygous AB. Probe intensities are
converted into genotypes through the application of probe pair
intensity delta values to lot-specific threshold levels.
Data interpretation is carried out by BioArray Solutions
Information System (BASIS) wHEA software, which converts
fluorescence signals into the correspondent reaction pattern
and into allele assignment and/or predicted phenotypes (Fig.
3). The validity of each sample is established if none of the
following error messages appear: a high background flag,
a high coefficient of variation, a high number of low-signal
phenotypes, and a number of indeterminate call phenotypes.
BASIS provides a centralized database management system
to process and manage all BeadChip-related data and
information. In addition, it generates test results without the
need for operator interpretation or data manipulation, due
to the semi-automated detection process and computerized
analysis algorithms. Users of the CE-marked HEA BeadChip
can export results easily from BASIS to their own local

Fig. 3. BeadChip assay device, and decoding and assay images.
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information management system (LIMS) using ImmuLINK
(Immucor), which is not yet approved by the FDA in the
United States. This piece of software ensures full traceability of
the entire process by receiving the requests from any connected LIMS and providing work-list reports for the extraction
process as well as the BeadChip preparation. Moreover,
ImmuLINK allows the qualification of each processed sample
and of the entire batch.
Impact of BeadChip technology on
immunohematology and clinical care
RBC alloimmunization can lead to life-threatening
events such as acute/delayed hemolytic transfusion reactions,
delayed blood availability, and increased cost to identify and
acquire antigen-negative blood. The risk of alloimmunization
is particularly relevant in chronic transfusion recipients such
as those affected by hemoglobinopathies and in patients with
autoimmune hemolytic anemia. It has been reported that 18 to
47 percent of patients with sickle cell disease (SCD) transfused
without antigen matching can develop RBC alloimmunization.
In these patients, alloantibodies to the C/c, E/e, and K
antigens are most commonly encountered.11,12 Schonewille
et al.13 reported that 21.7 percent of previously alloimmunized
hematooncology patients made additional antibodies after
subsequent transfusion.
Several studies suggest that an extended RBC matching
policy is a useful tool to decrease alloimmunization.14 Vichinsky
et al.15 showed that the partial matching for E/e, C/c, and K
antigens decreased the alloimmunization rate per unit from
3 to 0.5 percent and reduced hemolytic transfusion reactions
from 10 to 0.11 percent. More recently, LaSalle-Williams et al.16
published a review of 14-year experience of extended RBC
antigen matching for transfusions in 99 patients with SCD
who were transfused using the extended matching protocol.
Their results showed 7 percent alloimmunization frequency
with 1 antibody per 1000 units transfused, compared with 34
percent alloimmunization and 34 antibodies per 1000 units
transfused before introduction of extended matching.
Although the extended RBC matching policy was effective
in reducing the rate of alloimmunization, it did not completely
eliminate the occurrence of new alloantibodies. To provide
blood products to all recipients, blood centers dedicate a large
part of their activities to donor typing to identify antigennegative units. Moreover, the prevailing serologic methods
make large-scale screening impractical. In fact, not only is
hemagglutination not fully reliable to determine the correct
phenotype in transfused patients because of the presence
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of a mixed-field population, but its use in complex cases is
hampered by short supply or unavailability of appropriate
reagents.1
These limitations can be overcome by DNA analysis.
Molecular testing methods were introduced in the blood
banking and transfusion medicine community more than a
decade ago. Even though serologic testing remains the gold
standard among transfusion centers, the implementation of
molecular testing has become an integral part of the clinical
care of many patients. Molecular techniques can be applied
to high-throughput platforms. The applications of highthroughput testing for the analysis of multiple blood group
polymorphisms provide a capacity to screen a large number
of blood donors to institute a database of extended phenotypes
and to increase inventories of antigen-negative RBC units.
The benefit of such a database is that blood banks may have
a large inventory of phenotyped liquid RBC units available at
any time, and it could provide a fully typed blood supply for
transfusion-dependent patients with hemoglobinopathies.17–20
Similar to other DNA-based methods, the HEA BeadChip
kit allows centers to accurately predict the phenotype for a
large number of antigens in massive or chronic transfusion
recipients and in patients with autoimmune hemolytic anemia.
Practical advantages following the introduction of the BeadChip
technology into the routine operations of a blood transfusion
service have been reported in the recent literature.21–25
Unlike manual SSP-PCR methods, which are unsuitable
for screening of large numbers of blood donors, the HEA
BeadChip is particularly suited for mass donor screening and
represents a valid diagnostic platform to develop a registry of
extended genotyped donors. It provides a tool to increase the
antigen-negative inventory, reduce the turn-around time (TAT)
to select fully typed blood donors, and raise the percentage of
fulfilled special RBC requests.21,22 The probability of finding
extended matched blood is known to depend on the number of
units in inventory, the degree of antigen matching desired, the
recipient’s alloimmunization status, and the genetic similarity
between blood donors and recipients. In this regard, Badjie
et al.26 highlighted the importance of disparity between donor
and recipient antigen profiles. They explored the probability of
obtaining an exact extended phenotype match between donor
and recipient by genotyping 1000 predominantly Caucasian
donors. The Badjie et al. study showed that some randomly
transfused ethnic groups are more inclined to develop
alloimmunization.
Several studies explored the probability of obtaining an
exact match between donor and recipient using genotypic
profiling. Currently, pre-transfusion guidelines recommend
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providing, for patients undergoing multiple transfusions,
antigenic matching at level 1 regarding the ABO group system
and RhD and at level 2 regarding the complete Rh and Kell
phenotypes. A recent prospective study performed by Klapper
et al.27 showed that the use of effective DNA analysis could
extend matching at level 3 regarding Fya, Fyb, Jka, Jkb, S, and s
antigens and level 4 regarding M, N, Doa, Dob, Hy, Joa, Lua, and
Lub antigens. They performed a multi-institutional, prospective
observational study to determine the theoretical feasibility of
creating and maintaining an inventory of extended genotyped
units using HEA BeadChip and a web-based inventory
management system to model donor–recipient matching. A
total of 730 donors and 128 patients were genotyped over a
2-month period. Patients belonged to three cohorts: patients
with SCD, patients scheduled for cardiac surgery without
alloimmunization, and alloimmunized patients requiring
antigen-negative units. The results showed that by increasing
the matching stringency, the number of matched units
decreases and so does the fraction of fulfilled requests. The
authors observed a 95 percent probability of a fulfilled request
at level 1, 90 percent at level 2, and 20 to 60 percent at level 4.
Wilkinson et al.28 designed an inventory feasibility study
using various algorithmic approaches with the objective to
evaluate the number of antigen-matched RBC components
provided primarily from Caucasian donors for the transfusion
needs of 70 patients with SCD, 96.5 percent of whom showed
the Duffy silencing mutation in the promoter region (GATA).
The purpose of that study was to provide evidence that centers
with primarily Caucasian donors may be able to give highly
antigen-matched products to patients with SCD and that
knowledge of the GATA status of these donors expands the
inventory of antigen-matched products. The percentage of
antigen-matched RBC products decreased from 96.2 percent
using the basic level of antigen matching to 16.3 percent using
a high-level strategy.
An extended genotyping inventory can potentially offer
further advantages including availability of units to fill requests
for scheduled procedures and also to fill emergency requests
for antigen-negative units rapidly. In this regard, Shafi et al.25
successfully integrated molecular typing of donors and selected
patients by BeadChip technology into their routine transfusion
service processes. In their setting, 230 antigen-negative units
were transfused each month, and molecular tests provided
approximately 90 percent of these units. Of these, 90 percent
required one additional antigen matched beyond C/c, E/e,
and K; 82 percent required two additional antigens; and 25
to 30 percent required three or four additional antigens. In
addition, they observed that an important consequence of their
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molecular testing protocol was the readily available inventory
of extended typed blood in urgent situations from more than 3
hours to less than 1 hour.
Flickinger et al.29 reported a retrospective analysis of
requests for RBC units lacking a high-incidence antigen (HIA)
or multiple common antigens (MCAs) reviewed in 2013. Out
of 920 requests, 403 were for units lacking MCAs and 509
were for units lacking an HIA. Of these, 2.7 and 10.2 percent
of MCA and HIA requests were unfilled, respectively. The use
of molecular testing to identify rare donors positively affected
filling rates. Solid evidence30,31 indicates that matching by
genotype analysis can be particularly effective in transfusiondependent patients and in patients with autoantibodies. In fact,
providing RBC units based on matching by DNA testing reduces
the risk of a hemolytic transfusion reaction, especially delayed
transfusion reactions attributable to existing alloantibodies,
preventing morbidity, mortality, and new alloimmunization
events. Moreover, the prophylactic use of antigen-matched
donor RBCs facilitates the subsequent serologic workups and
decreases labor-intensive serologic testing in patients with
autoantibodies. At every presentation to the blood bank, in
the absence of prophylactic antigen matching, adsorption and
elution studies were required to rule out new alloantibodies,
sometimes resulting in delayed transfusion.32,33
Additional information on the ability to select compatible
RBC units with the HEA BeadChip for patients with SCD has
been recently provided by Ribeiro et al.34 They genotyped 948
Brazilian blood donors and 144 patients with SCD, 44 of whom
were alloimmunized. They were able to find compatible units
for 134 of the patients with SCD , matching for Rh, Kell, Duffy,
Kidd, Ss, Dombrock, and Diego. Out of 42 alloimmunized
SCD patients, 15 showed discrepancies between previous
phenotype and genotype. In 11 of 15 mistyped patients,
the use of DNA-matched units was associated with better
in vivo RBC survival with increased hemoglobin levels and
transfusion intervals extended from 30 to 45 days.
Similarly, da Costa et al.35 evaluated the usefulness of
BeadChip technology to provide extensive prophylactic RBC
genotyping of 35 patients with SCD. These patients, followed
up for one year, did not develop additional antibodies and
showed better in vivo RBC survival.
Microarray technology can contribute to the management
of transfusions in patients with SCD by allowing a more
accurate selection of donor units to prevent alloimmunization,
and to ensure the best match and transfusion safety. Related
products (RHD and RHCE BeadChip kits; Immucor) provide
the opportunity to extend DNA typing to other antigens and
variants found in patients with SCD such as partial D- and
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e-variants, especially Rh phenotypes requiring hrB– and hrS–
antigens. Locating antigen-negative units for transfusion to
patients with anti-hrB or anti-hrS is not always straightforward.
In a recent update, Flickinger et al.36 showed that the
provision of units E-hrB–, E-hrS–, and E-hrB–hrS– improved
from 73.9 percent in 2009 to 78.3 percent in 2013 after
introduction of molecular screening of donors. Similary,
Gaspardi et al.37 showed that molecular testing allowed for
the identification of Rh variants and rare blood and for finding
antigen-matched units for chronically transfused patients.
They genotyped 148 transfused patients and evaluated the
use of DNA testing to guide the selection of compatible donor
units to prevent alloimmunization and delayed hemolytic
transfusion reaction. All patients benefited from the received
transfusion.

The HEA BeadChip method shows 99 percent accuracy for
all antigen phenotypes except for the Lub antigen. In fact, a
disagreement in Lub antigen status among serology, HEA
BeadChip technology, and other molecular methods has been
observed. Some disagreements are unresolvable, while others
are caused by mutations on the KLF1 gene responsible for the
In(Lu) phenotype. Unfortunately, not all alleles are known in all
populations and, actually, most current commercial systems
have been formulated for Caucasian and African populations.
Therefore, molecular testing results should be evaluated in the
context of available serologic information.

Costs and limitations

The Lombardy Rare Donor Programme (LORD-P)
was established in 2005 in the Italian region of Lombardy
through the collaboration of the regional network of 15
blood transfusion departments under the coordination
of the Immunohematology Reference Laboratory of the
Immunohematology and Transfusion Centre, Foundation
Ca’ Granda Ospedale Maggiore Policlinico, Milan.38 LORD-P
managed the transfusion needs of patients with a rare
phenotype and with complex immunization. From 2005 to
June 2009, the laboratory used a high-productivity solidphase automated serology system for the first typing (Galileo,
Immucor, Norcross, GA). The reagent panel included the
following antigens: Fya, Fyb; Jka, Jkb; S, s; Coa; Jsb; Ge2; Lub;
Kpb; PP1Pk; U; Vel; and Yta.
In June 2009, after an evaluation of sensitivity and specificity of the new DNA-based technologies, the laboratory
adopted the BeadChip platform for large-scale DNA typing.
Since then, 31,762 samples have been successfully typed with
the HEA BeadChip and, out of these, 351 were patient samples.
The RBC typing yielded 278 samples (0.87%) that were

Direct cost comparisons between serologic and
molecular methods are difficult because they depend on
the number of samples and antigenic specificities that are
analyzed. Molecular techniques are usually more costly than
hemagglutination, even if the escalating costs of commercial
reagents, the lack of sufficient volumes of appropriate reagents,
and the labor-intensive hemagglutination testing make
serology more expensive for selected phenotypes. Genotyping
is cost-effective in terms of technologist time and resources
associated with complex serologic workups. Moreover, typing
of a large number of donors/patients for a high number of SNPs
simultaneously in a centralized reference laboratory allows for
the reduction of the cost per DNA test and TAT for finding rare
donors. Klapper et al.22 reported a reduction in purchases of
antigen-negative units with a saving of $7,000 per month and a
reduction in TAT from 6 to 3 hours after BeadChip technology
implementation. Moulds21 showed a cost savings of $34 per
donor test with a 51 percent decrease in cost over serology and
a 60 percent reduction in hands-on time.
Unlike serology, there is no limit to the number of antigens
that can be detected by molecular biology. Oligonucleotide
probes used in molecular typing can be designed to target any
DNA variants that correspond to blood group antigens.
Similarly to other DNA tests, the HEA BeadChip is not
without limitations. In some situations, genotype determination
will not correlate with antigen expression on the RBCs. In
fact, a large number of genetic events may silence or weaken
the expression of antigens encoded by an allele. Moreover,
alterations in the probe/primer binding site can give falsenegative results even if the antigen is expressed on the RBCs.1,3
86

Experience at the Lombardy Rare Donor
Programme and the Immunohematology
Reference Laboratory in Milan

Table 2. Rare typings identified by the Lombardy Rare Donor
Programme using the HEA BeadChip
High incidence antigen negative

No. of donors

No. of patients

k–

40

1

Kp(b–)

5

2

Js(b–)

4

1

Lu(b–)

23

0

LW(a–)

1

0

Fy(a–b–)

149

18

Co(a–)

33

1

Total

255

23
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Table 3. Discrepancies of HEA BeadChip versus serology that have been resolved by the Lombardy Rare Donor Programme
No. of
samples

Blood donors/
patients

Discrepant
antigen

HEA results

Serology
results

Sequencing
results

1

Blood
donor

e

C–c+E+e+

C–c+E+e–

C–c+E+e+

IVS2+3g>t

Splice site
mutation

It is predicted to cause aberrant
exon splicing and subsequent
silencing or weakening of
e antigen expression. More
investigations are required.

1

Patient
with anti-k

k

K+k+

K+k–

K+k+

c.1162C>T

p.Gln348Ter
Stop codon
(Q348X)

Heterozygous for silencing
mutation KEL*02N.04 (KELL
Portugal) giving a K phenotype.

1

Blood
donor

k

K+k+

K+k–

K+k+

c.1719C>T

p.Gly573Gly

1

Blood
donor

k

K+k+

K+k–

K+k+

c.1153C>T

p.Arg385Cys

Heterozygous for a novel mutation
in exon 10. No known clinical
implications are associated with
this change. More investigations
are required.

1

Blood
donor

K

K+k+

K–k+

K+k+

c.1474C>T

p.Arg492Ter

Heterozygous for a novel
nonsense mutation at exon 13.

1

Blood
donor

Jk b

Jk(a+b–)

Jk(a+b+)

Jk(a+b+)

n.a.

n.a.

Polymorphism in the HEA
BeadChip JK probe binding region
that prevents identification of Jk b
phenotype.

1

Blood
donor

Jk b

Jk(a+b+)

Jk(a+b–)

Jk(a+b+)

c.582C>G

p.Tyr194Ter

Heterozygous for JK*01N.03
that silences the expression of
Jka antigen. The determination of
JK*01N.03 is not consistent with
results obtained by serology. More
investigations are required.

1

Blood
donor

Jka

Jk(a–b+)

Jk(a+b+)

Jk(a+b+)

n.a.

n.a.

Polymorphism located in the
HEA BeadChip JK probe region
preventing elongation of the Jka
probe.

4

Blood
donors

s

IC for s

S+s+

S+s+

c.161G>A

p.Arg54His

Heterozygous polymorphism
interferes with the HEA BeadChip
primer binding region. The
samples result Mit+.

8

Blood
donors

S

IC for S

S+s+

S+s+

c.161G>A

p.Arg54His

Heterozygous polymorphism
interferes with the HEA BeadChip
primer binding region. The
samples result Mit+.

1

Blood
donor

S

S–s+

S+s+

S+s+

n.a.

n.a.

Presence of two polymorphisms
that interfere with the HEA
BeadChip primer binding region.

1

Blood
donor

N

M+N+

M+N–

M+N+

c.38A>C

p.Glu13Ala

Heterozygous for a missense
mutation in GYPA. No known
clinical impact. More investigations
are required.

1

Patient
with
anti-Gya

Doa

Do(a+),Hy+,
Jo(a+)

Gy(a–),
Do(a–)

Do(a+),Hy+,
Jo(a+)

c.608G>T

p.Arg203Leu
p.Tyr126Tyr
p.Leu208lLeu

Homozygous for a missense
mutation at exon 2 and for two
silent mutations. No known clinical
implications are associated
with this change, but the patient
developed anti-Gya antibodies.

1

Blood
donor

Lua and Lub

Lu(a+b+)

Lu(a–b–)

Lu(a+b+)

c.809C>T

p.Ser270Ter

Heterozygous for the mutation in
exon 2 of KLF1 gene that silences
Lutheran expression: In(Lu)
phenotype.

1

Blood
donor

Lub

Lu(a+b+)

Lu(a–b–)

Lu(a+b+)

c.809C>T

p.Ser270Ter

Heterozygous for the mutation in
exon 2 of KLF1 gene that silences
Lutheran expression: In(Lu)
phenotype.
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Nucleotide
changes

c.378T>C
c.624C>T

Amino acid
changes

Clinical implications

Heterozygous for KEL*02M.05
(Kmod type 5 mutation).
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Table 3 (cont’d). Discrepancies of HEA BeadChip versus serology that have been resolved by the Lombardy Rare Donor Programme
No. of
samples

Blood donors/
patients

Discrepant
antigen

HEA results

Serology
results

Sequencing
results

Nucleotide
changes

Blood
donor

Lub

Lu(a–b+)

Lu(a–b–)

Lu(a–b+)

c.1070A>G
in KLF1
gene
c.292C>T in
BCAM gene

p.His357Arg

1

Blood
donor

Lub

Lu(a–b+)

Lu(a–b–)

Lu(a–b+)

c.510delC in
KLF1 gene

p.Ser235fs

Heterozygous for a novel deletion
in exon 2 of KLF1 gene that would
result in a frame shift mutation at
amino acid position 171 leading to
a probable In(Lu) phenotype.

2

Blood
donors

Lua and Lub

Lu(a+b+)

Lu(a–b–)

Lu(a+b+)

c.586G>A
in BCAM
gene

p.Val196Ile

Missense mutation in exon 5. No
known clinical implications are
associated with this change. More
investigations are required.

1

Blood
donor

Lub

Lu(a+b+)

Lu(a+b–)

Lu(a+b+)

c.586G>A
in BCAM
gene

p.Val196Ile

Missense mutation in exon 5. No
known clinical implications are
associated with this change. More
investigations are required.

2

Blood
donors

Lub

Lu(a+b+)

Lu(a+b–)

Lu(a+b+)

c.358G>A
in BCAM
gene
c.586G>A
in BCAM
gene

p.Glu120Lys
p.Val196Ile

Heterozygous for two missense
mutations in exons 3 and 5. No
known clinical implications are
associated with this change. More
investigations are required.

1

Blood
donor

Lua and Lub

Lu(a+b+)

Lu(a–b–)

Lu(a+b+)

c.586G>A
in BCAM
gene
c.711C>T in
BCAM gene
c.714C>AT
in BCAM
gene

p.Val196Ile

Missense mutation in exon 5 and
two silent mutations (711C>T
and 714C>T) in exon 6. No
known clinical implications are
associated with this change. More
investigations are required.

1

Amino acid
changes

p.Pro76Ser

Clinical implications
Heterozygous for a missense
mutation in exon 3 of KLF1 gene,
present at a possible In(Lu)
mutation site.
Heterozygous for a missense
mutation BCMA gene. No known
clinical impact. More investigations
are required.

n.a. = not available; IC = indeterminate call.

negative for high-incidence antigens. Table 2 summarizes the
number of donors and patients who were identified as having
rare typing.
In the 31,762 samples typed with HEA BeadChip, 42
(0.13%) were discrepant with serology performed by a Galileo
instrument and/or tube tests. All discrepant samples were also
tested with a different commercial molecular method (PCRSSP). DNA sequencing studies on these samples were also
performed. Thirty-three discrepancies were resolved (Table 3).
Nine were not resolved because none of the known mutations
related to discrepant antigens were found in these samples,
and Sanger sequencing results were consistent with HEA
BeadChip testing and PCR-SSP (Table 4).
Fifteen of the 33 discrepancies showed nucleotide
changes interfering with the HEA BeadChip primer/probe
binding region. In these cases, Sanger sequencing results were
consistent with serology, and polymorphisms that interfere
with the HEA BeadChip primer or probe binding regions
88

leading to negative or inconclusive results were present. Out
of 15 samples, 12 gave inconclusive results for S/s (8 samples
for S and 4 for s) by the HEA BeadChip kit and negative
results by PCR-SSP attributable to the presence of the 161G>A
polymorphism at exon 3 of GYPB leading to positivity of Mit,
a low-incidence antigen of the MNS system. One sample had
a negative result for S using the HEA BeadChip kit and PCRSSP because of the presence of two polymorphisms in the
primer binding region. Two samples had negative results for
Jka and Jkb using the HEA BeadChip kit and positive results
by PCR-SSP caused by a polymorphism in the HEA BeadChip
JK probe region, preventing elongation of the probe.
Moreover, 18 of the 33 discrepancies showed mutations
previously reported or novel variants that after more
investigation will be submitted to International Society of
Blood Transfusion (ISBT) for allele nomenclature. The
sequencing results were consistent with HEA BeadChip testing
and SSP-PCR, but the presence of genetic changes different
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Table 4. Discrepancies of HEA BeadChip versus serology that have not been resolved by the Lombardy Rare Donor Programme
No. of
samples

Blood donors/
patients

Discrepant
antigen

1

Blood donor

C

C+

C–

C+

None of the known C silencing mutations were present.

1

Blood donor

Jka

Jk(a+b+)

Jk(a–b+)

Jk(a+b+)

None of the known Jka altering mutations were present.

1

Blood donor

Fy

b

Fy(a+b+)

Fy(a+b–)

Fy(a+b+)

None of the known FY altering mutations were present.

1

Blood donor

Jk

b

Jk(a+b+)

Jk(a+b–)

Jk(a+b+)

None of the known Jk b altering mutations were present.

HEA results

Serology
results

Sequencing
results

1

Blood donor

s

S+s+

S+s–

S+s+

4

Blood donors

Lub

Lu(a–b+)

Lu(a–b–)

Lu(a–b+)

from the polymorphism in the gene of interest or in the
dominant gene had altered the expression of antigens leading
to failure of HEA BeadChip to predict the correct phenotype.
Fourteen of the 42 discrepancy samples were discrepant
for LU antigens (10 samples for Lub only and 4 for both
Lua and Lub). More than one genetic change is attributed to
the Lutheran null phenotype. The blood group phenotype
Lu(a–b–) is known to arise from three distinct genetic
backgrounds: homozygosity for inactivating mutations in the
Lutheran gene, inheritance of an X-linked suppressor gene,
and inheritance of heterozygosity for inactivating mutations
in the erythroid transcription factor KLF1 responsible for the
In(Lu) phenotype. KLF1 mutations inhibit the expression of
Lutheran glycoprotein and other blood group genes, including
Indian, RAPH, and P1. In particular, the most common
Lu(a–b–) phenotype is defined as In(Lu), which is the result
of heterozygous mutations in the KLF1 gene.39 In these 14
samples, the sequencing results of four samples showed the
presence of known genetic changes in the KFL1 gene in two
samples, a novel missense mutation in KFL1 exon 3 in a third
sample, and a novel deletion in KFL1 exon 2 in a fourth sample.
Two patient samples were falsely identified as antigenpositive by the HEA BeadChip kit and SSP-PCR despite their
alloimmunization history of anti-k and-Gya, respectively.
These cases illustrate a drawback of molecular typing assays,
as a mutation not represented in the assay may be missed. If
an antibody is detected and the patient is predicted positive
for the corresponding antigen, the antibody reactivity may
represent an autoantibody, but the possibility of alloantibody
in a patient with a silent or variant antigen must be considered.
In fact, a false-positive interpretation in a patient has greater
significance than a false-negative one, as it could jeopardize
transfusion recipient safety.
Conclusion
The BeadChip technology is a robust high-throughput
method for large-scale genotyping of RBCs that causes a
I M M U N O H E M ATO LO GY, Vo l u m e 31, N u m b e r 2, 2 015
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None of the known MNS altering mutations were present.
None of the known LU and KLF1 altering mutations were present.

significant reduction in hands-on time and has the potential to
be fully automated. It provides a tool to help increase antigennegative blood unit inventory, the identification of rare donors
who could not be detected because of the paucity or absence
of appropriate reagents, and the extended knowledge of the
antigen profiles of patients. Its application to the prevention of
alloimmunization can contribute to reducing the cost of blood
transfusion testing in chronic transfusion recipients.
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Masters (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
2015 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 Diploma in Transfusion and Transplantation Science or a Certificate
in Transfusion and Transplantation Science.
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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The Johns Hopkins Hospital Specialist in Blood Bank Technology Program
The Johns Hopkins Hospital was founded in 1889. It is located in Baltimore, Maryland, 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 two 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 website 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, Maryland 21287
Phone (410) 955-6580
Fax (410) 955-0618
Web site: http://pathology.jhu.edu/department/divisions/transfusion/index.cfm
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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 fo 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 2015. For additional information and requirements, please visit our website
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 folowing website:
http://www.rushu.rush.edu/admiss/hlthadm.html
Contact: Yolanda Sanchez, MS, MLS(ASCP)CMSBB, Director, by email at Yolanda_Sanchez@rush.edu
or by phone at 312-942-2402 or Denise Harmening, PhD, MT(ASCP), Director of Curriculum
by email 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 Ave.
Farmington, CT 06032
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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

LIS Coordinators
Consumer Safety Officers
Reference Lab Specialists

Job satisfaction

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.
Additional information can be found by visiting the following Web sites: www.ascp.org, www.caahep.org, and www.aabb.org
Contact the following programs for more information:
 Onsite or
: Online

Program

Contact Name

Phone Contact

E-mail Contact

Web Site

Blood Systems Laboratories

Marie P. Holub

602-996-2396

mholub@bloodsystems.org

www.bloodsystemslaboratories.org

Program

Walter Reed Army Medical Center

William Turcan

301-295-8605

William.Turcan@med.navy.mil
William.turcan@us.army.mil

www.militaryblood.dod.mil/Fellow/default.aspx

American Red Cross, Southern California Region

Catherine Hernandez

909-859-7496

Catherine.Hernandez@redcross.org www.redcrossblood.org/socal/communityeducation

ARC-Central OH Region

Joanne Kosanke

614-253-2740 ext. 2270

Joanne.Kosanke@redcross.org

none

Blood Center of Wisconsin

Phyllis Kirchner

414-937-6271

Phyllis.Kirchner@bcw.edu

www.bcw.edu

Community Blood Center/CTS Dayton, Ohio

Nancy Lang

937-461-3293

nlang@cbccts.org

www.cbccts.org/education/sbb.htm

Gulf Coast Regional Blood Center

Clare Wong

713-791-6201

cwong@giveblood.org

www.giveblood.org/services/education/sbb-distance-program

Hoxworth Blood Center, University of Cincinnati
Medical Center

Pamela Inglish

513-558-1275

Inglishpf@ucmail.uc.edu

www.grad.uc.edu

Indiana Blood Center

Jayanna Slayten

317-916-5186

jslayten@indianablood.org

www.indianablood.org

Johns Hopkins Hospital

Lorraine N. Blagg

410-502-9584

lblagg1@jhmi.edu

http://pathology.jhu.edu/department/divisions/transfusion/sbb.cfm

Medical Center of Louisiana

Karen Kirkley

504-903-3954

kkirkl@lsuhsc.edu

www.mclno.org/webresources/index.html

NIH Clinical Center Blood Bank

Karen Byrne

301-496-8335

Kbyrne@mail.cc.nih.gov

www.cc.nih.gov/dtm

Rush University

Yolanda Sanchez

312-942-2402

Yolanda_Sanchez@rush.edu

www.rushu.rush.edu/cls

Transfusion Medicine Center at Florida Blood Services

Marjorie Doty

727-568-5433 ext. 1514

mdoty@fbsblood.org

www.fbsblood.org

Univ. of Texas Health Science Center at San Antonio

Linda Myers

210-731-5526

lmyers@bloodntissue.org

www.sbbofsa.org

University of Texas Medical Branch at Galveston

Janet Vincent

409-772-3055

jvincent@utmb.edu

www.utmb.edu/sbb

University of Texas SW Medical Center

Lesley Lee

214-648-1785

lesley.lee@utsouthwestern.edu

www.utsouthwestern.edu/education/school-of-health-professions/
programs/certificate-programs/medical-laboratory-sciences/index.html
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National Reference Laboratory
for Specialized Testing
Diagnostic testing for:
•
•
•
•
•

Neonatal alloimmune thrombocytopenia (NAIT)
Posttransfusion 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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Immunohematology
Instructions for Authors | New Blood Group Allele Reports
A. For describing an allele which 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 Reference 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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Immunohematology
Instructions for Authors
I. GENERAL INSTRUCTIONS
Before submitting a manuscript, consult current issues of Immunohematology for style.
Number the pages consecutively, beginning with the title page.

II. SCIENTIFIC ARTICLE, REVIEW, OR CASE REPORT WITH
LITERATURE REVIEW
A. Each component of the manuscript must start on a new page in the following
order:
1. Title page
2. Abstract
3. Text
4. Acknowledgments
5. References
6. Author information
7. Tables
8. Figures
B. Preparation of manuscript
1. Title page
a. Full title of manuscript with only first letter of first word capitalized (bold
title)
b. Initials and last name of each author (no degrees; all CAPS), e.g., M.T. JONES,
J.H. BROWN, AND S.R. SMITH
c. Running title of ≤40 characters, including spaces
d. Three to ten key words
2. Abstract
a. One paragraph, no longer than 300 words
b. Purpose, methods, findings, and conclusion of study
3. Key words
a. List under abstract
4. Text (serial pages): Most manuscripts can usually, but not necessarily, be divided
into sections (as described below). Survey results and review papers may need
individualized sections
a. Introduction — Purpose and rationale for study, including pertinent
background references
b. Case Report (if indicated by study) — Clinical and/or hematologic data and
background serology/molecular
c. Materials and Methods — Selection and number of subjects, samples, items,
etc. studied and description of appropriate controls, procedures, methods,
equipment, reagents, etc. Equipment and reagents should be identified in
parentheses by model or lot and manufacturer’s name, city, and state. Do not
use patient’s 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…) 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
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