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Invited Review: Milestones Series

Historic milestones in the
evolution of the crossmatch
S.G. Sandler and M.M. Abedalthagafi

The introduction of the serologic crossmatch—first proposed by
Hektoen (1907) and first performed by Ottenberg (1908)—made
it possible to transfuse blood without fear of unpredictable and
potentially disastrous acute hemolytic reactions, most of which
were attributable to direct agglutinating (IgM) anti-A, anti-B, or
anti-A,B. Previously transfused or previously pregnant recipients
continued to experience sporadic hemolytic transfusion reactions
as a result of “incomplete” (IgG) blood group antibodies. Coombs’
introduction of the antiglobulin test (1945) made it possible to
detect “incomplete” (IgG) antibodies and to develop laboratory
methods to identify and transfuse serologically compatible RBCs.
During the past 50 years, the antibody screen has evolved to be
more effective than the crossmatch for detecting the presence of
potential serologic incompatibility and has, in fact, replaced the
crossmatch as the key step in pretransfusion compatibility testing.
The antibody screen has become the serologic surrogate for the
crossmatch and, currently, the computer crossmatch is becoming
the electronic surrogate for the crossmatch. In historical perspective, the past 100 years witnessed the rise and fall of the crossmatch. Today, hemolytic transfusion reactions are more likely to
be the result of misidentifying the intended transfusion recipient
than of failure of routine compatibility testing to detect serologic
incompatibility. The introduction of the serologic crossmatch—100
years ago—had a major positive impact on all aspects of clinical
medicine. As a result of these advances, we are quickly approaching the limits of improving the safety and efficacy of blood transfusions by conventional serologic methods. Future improvements
are more likely to be the result of applications of molecular genotyping—which could not have become available at a more perfect
time. When Immunohematology publishes its 50th-anniversary
issue, the improvements in transfusion science are more likely to
be based on molecular methods than on conventional blood bank
serology. Immunohematology 2009;25:147–151.

Key Words: compatibility testing, crossmatch, blood
transfusion

T

he pretransfusion serologic crossmatch as we know
it—direct mixing of a donor’s RBCs and the intended
recipient’s serum or plasma—is fading into history.
The development of increasingly sensitive antibody screening methods, ready availability of commercially marketed
reagent RBC screening panels, and acceptance of computer
crossmatches by accreditation and regulatory authorities have significantly diminished the role of the serologic
crossmatch in compatibility testing. The following review
highlights historic milestones that contributed to the development of the crossmatch as a key step in routine compatibility testing. More recently, other scientific events have
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contributed to replacing the serologic crossmatch with improved antibody screens as serologic surrogates and computer crossmatches as electronic surrogates. As this review
encompasses more than a century’s history in only a few
pages, the authors were obliged to be selective in highlighting important changes. We recognize this limitation and
direct readers who seek more information to the original
articles cited in the references.
Historical Origins of the Crossmatch
In 1907, Ludwig Hektoen, a pathologist at Chicago’s Institute for Infectious Diseases, suggested, for the first time
on record, that direct matching of donors’ and recipients’
blood could prevent the potential adverse effects that had
been observed after many blood transfusions.1,2 Commenting on Landsteiner’s observation that the serum of some
persons agglutinated the RBCs of certain others, Hektoen
speculated that “under special conditions, homologous
transfusion might prove dangerous by leading to agglutination within the vessels of the subject transfused.”1 Although
Hektoen did not perform actual serologic crossmatches,
historians credit him as being the first physician to propose
direct pretransfusion donor-recipient crossmatching.3–5 Before Hektoen’s suggestion, transfusions of animal or human
blood had been conducted without pretransfusion serologic testing and, as might be anticipated, some transfusions appeared to be beneficial, but others were disastrous.6
Only a few years before Hektoen’s proposal, Landsteiner
had succeeded in differentiating human RBCs into three
serologic groups (A, B, O),7 but neither Landsteiner nor
other contemporary laboratory investigators linked the
serologic differences between human RBCs to the cause of
sporadic hemolytic transfusion reactions. In 1908, Ottenberg performed the first serologic crossmatch on record,
mixing the blood of a wife (donor) and her husband (recipient) and observing the absence of hemolysis before an
uneventful 17-minute direct donor-recipient transfusion.8
Ottenberg did not provide details of how he performed the
first pretransfusion donor-patient crossmatch, but he proposed “that a thing much to be desired is, that a convenient
clinical test for this purpose be devised.”8 Physicians were
slow to recognize the potential importance of pretransfusion serologic testing for preventing hemolytic transfusion
reactions. Among the skeptics was George Crile, a surgeon
in Cleveland, who had pioneered direct patient-to-recipient
transfusions.9 Crile wrote “contrary to common belief,
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normal blood of one individual does quite as well as that of
another. Kinship apparently is of no special advantage.”10
The Indirect Antiglobulin Test and Its Modifications
Ottenberg’s approach of pretransfusion serologic
matching of donor’s RBCs and recipient’s serum was slowly
accepted by surgeons and obstetricians, who performed
most transfusions at that time. During the next four
decades, pretransfusion serologic crossmatching was gradually introduced in hospitals in the United States. By eliminating those donor-recipient incompatibilities that were
detectable by direct hemagglutination, i.e., ABO incompatibilities, the room-temperature direct crossmatch eliminated
most acute and disastrous hemolytic reactions. Nevertheless, sporadically, a previously transfused or previously
pregnant transfusion recipient experienced an acute or
delayed hemolytic transfusion reaction. In 1945, Coombs
et, al. published their observation that rabbit anti-human
serum could identify “incomplete” antibodies, and the antihuman globulin (AHG) phase of donor RBC–recipient serum
matching was added to procedures for antibody screening and crossmatching.11 The addition of an AHG phase to
compatibility testing was a major advance; and the AHG
phase remains the most effective of all laboratory methods
for ensuring serologic compatibility of ABO-matched RBC
transfusions. Soon, other investigators proposed modifications of the antibody screen to increase its sensitivity for
detecting blood group antibodies. Among the more notable
modifications were the addition of albumin,12,13 trypsin,14,15
papain,16 dextran,17 ficin,18 bromelin,19 low-ionic-strength
solution (LISS),20 polyethylene glycol (PEG),21 and hexadimethrine bromide.22 Editors of the first edition of the American Association of Blood Banks’ (AABB) Standards for a
Blood Transfusion Service (1958) required a major crossmatch, but the minor crossmatch was optional.23 For the
major crossmatch, “at least two methods shall be used, one
to demonstrate optimally the presence of serum or saline
active antibodies, and another to detect the presence of incomplete (blocking) antibodies.”23 The acceptable methods
were as follows:23
1. A saline or serum crossmatch with 2% donor RBCs,
read at room temperature and after an indirect antiglobulin test.
2. A saline or serum crossmatch in addition to a high protein (bovine albumin) slide test, read on a heated slide
resting on a view box.
3. Both a saline or serum crossmatch and a tube technic
(recipient’s serum, albumin, and donor’s RBCs incubated for 10 to 20 minutes, centrifuged, and read).
The third edition of Standards (1962) recognized “enzyme
systems” as an option for antibody screening for the first
time and introduced the requirement that the “antiglobulin
system [for crossmatching] shall utilize antihuman serum
meeting N.I.H. standards….”24
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The Antibody Screen as a Surrogate for the Serologic Crossmatch
Commercially marketed panels of reagent RBCs for
screening for blood group antibodies began to appear in the
United States in the late 1950s and early 1960s. In 1962, for
the first time, Standards (3rd edition) recognized a limited
role for reagent RBCs for the detection of antibodies in patients’ sera.24 The Standards’ acceptance of reagent RBCs as
a surrogate for the direct crossmatching of donor RBCs and
patients’ sera was not without controversy. Grove-Rasmussen
communicated his concern in Transfusion, commenting
that stored reagent RBCs may not be “in as good condition”
as freshly donated RBCs and may not express all pertinent
antigens.25
Alternatives to Testing for Hemagglutination in Test Tubes
From the outset, antibody screens and crossmatches in
US hospitals were performed mostly in test tubes and, less
frequently, by rapid slide method. Alternative formats have
been introduced, primarily to decrease the volume of reagents. These methods include capillary tubes,26 microtiter
plates,27 solid-phase plates,28 and gel agglutination.29 However, only the microplate method has been used extensively
as an alternative for crossmatching.30, 31
The Rise of the Antibody Screen and the Fall of the Serologic
Crossmatch
As methods to improve the sensitivity of the antibody
screen improved, the importance of a direct serologic crossmatch of donor’s RBCs and recipient’s plasma became less
critical. In fact, from the first proposal of the pretransfusion crossmatch until the present, direct serologic matching of donor’s RBCs and patient’s serum or plasma has
been recognized as a highly desirable, but not absolutely
required, step in issuing RBCs for transfusion. Among the
clinical situations in which the crossmatch is often omitted
are life-threatening hemorrhages,32 after massive transfusions when most of the recipient’s blood has been replaced
by donor’s blood,32 and for infants younger than 4 months
of age.33 In 1980, Winn and colleagues proposed that an extended antibody screen could replace the crossmatch if the
results of ABO typing and antibody screen were verified and
documented.34 In 2000, Kuriyan and Fox reported their experience transfusing RBCs without a serologic crossmatch
if the antibody screen was negative and if the ABO was
confirmed by two technologists.35 In their hospital, eliminating the crossmatch decreased the cost of compatibility
testing 40 percent ($32,968); retaining the immediatespin crossmatch saved 30 percent ($24,748). In a larger
hospital, eliminating the AHG crossmatch after a negative
antibody screen saved $70,000 per year.36 In 1985, Shulman and colleagues reported the effect of switching from
a conventional crossmatch (readings after immediate spin,
37°C incubation, and AHG phase) to an abbreviated crossmatch
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(immediate spin only) for patients without blood group alloantibodies.36 During an 8.5-month experience, they performed 27,742 crossmatches and avoided 46,959 unnecessary crossmatches, decreasing costs by at least $49,300
annually. In 1992, Judd and colleagues published a study
entitled “Can the reading for serological reactivity following 37°C incubation be eliminated?”37 Before conducting
the study, they had the impression that the 37°C reading
contributed minimally to transfusion safety. However, after their review identified approximately 25 patients with
37°C-only antibodies with Rh, Kell, or Kidd specificity annually, they decided to retain the 37°C reading. Seven years
later, Judd and colleagues revisited the issue.38 Using data
from prior publications, they estimated the risk that eliminating different components of the compatibility test would
introduce in their hospital. The result was that the risk for
transfusing incompatible blood by eliminating the direct
AHG test, the indirect AHG crossmatch, and 37°C reading would be approximately 1:13,000, 1:2,000, and 1:2,400
units transfused.38 Given this history of scientific and technical events, what is the current state of the art? Not all proposed variations of the serologic crossmatch have survived
the test of time. In 2008, the College of American Pathologists distributed a proficiency survey that consisted of a
donor RBC sample (J-13R) to be crossmatched with a patient’s serum sample (J-10S) containing an unknown antibody (anti-Jka).39 Of 2,572 laboratories reporting results for
antibody screening, 874 (34.0%) used a tube method; 94
(3.7%), solid-phase red cell adherence (SPRCA); and 1604
(62.3%), gel agglutination. For those using a tube method,
27 (3.0%) used saline AHG; 54 (6.2%), albumin AHG; 561
(64.1%) used LISS AHG; and 234 (26.7%) used PEG AHG.
Having identified (or misidentified) the anti-Jka, 1821 laboratories reported performing an AHG crossmatch. Of these,
107 (5.9%) used saline AHG; 137 (7.6 %), albumin AHG;
1201(65.9%), LISS AHG; and 376 (20.6%) PEG AHG).39
Notably, the number of hospitals using enzyme-treated reagent RBCs for routine antibody screening was too few to
be listed as a separate category.
Automated Crossmatching
The first widely used automated serologic analyzer
performed ABO grouping and Rh(D) typing, but not crossmatching.40 The first automated analyzer that did incorporate the option for a serologic donor RBC–recipient plasma
crossmatch was the ABS2000 (Immucor, Norcross, GA).30, 31
Most hospitals that acquired an ABS2000, including our
hospital, did not take advantage of the crossmatch option,
preferring a manual immediate-spin crossmatch for patients with negative AHG antibody screens as a more practical alternative.
Eliminating the Crossmatch: the Computer Crossmatch
In 1991, Judd published an editorial asking the question, “Are there better ways than the crossmatch to demonstrate ABO incompatibility?”41 Shortly thereafter, Butch,
IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009

Judd, and colleagues at Blood Bank at the University of
Michigan Hospital initiated a procedure to confirm donorrecipient compatibility by electronic verification, i.e., by a
computer crossmatch.42 In 1994, these investigators reported their experience using a computer crossmatch for pretransfusion tests for 14,021 patients between February 1992
and March 1993. Their report included a detailed standard
operating procedure, consisting of specific requirements for
(1) RBC unit processing, (2) patient sample processing, (3)
crossmatch for ABO compatibility, and (4) release of RBC
units for transfusion. As suggested by Judd’s 1991 editorial,
the key remaining function of the serologic crossmatch was
ensuring ABO compatibility for RBC transfusions. The function of detecting antibodies in the recipient’s serum against
antigens on donors’ RBCs had been co-opted by the antibody screen. Although AABB Standards allowed computer
crossmatching to replace the immediate-spin crossmatch by
the 15th edition (1993),43 the logistics of writing software for
individual hospital information systems limited widespread
implementation.42 In 1998, Judd reported to attendees of
the International Society of Blood Transfusion’s congress in
Hong Kong that there were electronic crossmatching procedures in use in at least 10 North American facilities, Scandinavia, Hong Kong, and Australia.44 Progress in widespread
implementation of the computer crossmatch has been slow,
but the historic milestone has been established as many
blood banks have moved forward.
Impact of Serologic Methods on Clinical Practice
We now change gears, moving from an objective history of the serologic crossmatch to more subjective opinions about how these historic milestones have impacted the
practice of medicine. Surely, the starting point is Hektoen’s
suggestion that Landsteiner’s newly described serologic
blood groups may be related etiologically to observations of
unpredictable acute hemolytic reactions after certain blood
transfusions. When Ottenberg moved Hektoen’s suggestion forward and performed the first serologic crossmatch,
he initiated the era of safe blood transfusion. It was now
possible to perform surgery and treat hemorrhage without the fear of an unpredicted, acute, and potentially fatal
hemolytic reaction. Coombs’ development of antihuman
globulin provided the next major impact, significantly decreasing the risk of hemolytic reactions attributable to nonABO IgG blood group antibodies. By 1945, transfusions of
RBCs could be administered without fear of an ABOrelated acute hemolytic reaction, and severe reactions from
non-ABO antibodies were relatively uncommon. With the
risk of acute and delayed hemolytic reactions greatly decreased, surgeons were not only able to manage trauma,
obstetrical hemorrhage, and gastrointestinal bleeding, but
also to develop procedures for previously impossible cardiovascular and cancer surgeries requiring large numbers
of blood transfusions. Subsequent refinements in methods
for antibody screening and identification, although a major
focus in the blood banking community, have had only an
149
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incremental impact on the practice of medicine. Even the
introduction of the computer crossmatch—clearly a major
advance for efficient management of pretransfusion laboratory testing—has only a minor impact, if any, on clinical
practice.
After 100 years of some broad strides and many incremental improvements, the serologic crossmatch has
evolved to a standardized, highly sensitive, and safe laboratory practice. The heyday of discovering new blood group
antigens and developing incrementally more sensitive serologic methods may be passing, but there are new and
challenging opportunities for transfusion science and blood
banking. The availability of molecular genotyping to further define blood group antigens has opened new vistas for
blood group science.45 Molecular science offers the promise
of improved efficacy of transfusions of RBCs, particularly
for those chronically transfused patients for whom conventional compatibility testing does not ensure satisfactory
outcomes. As we look back and honor the contributions of
our colleagues in this 25th anniversary issue of Immunohematology, we can only speculate on what further advances
will be published in future issues of Immunohematology
and featured in the next historical review.
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Lutheran
G. Daniels
The Lutheran blood group system consists of 19 antigens: four
Lunull phenotype, Lu(a−b−), with complete absence of
pairs of antithetical antigens—Lua/Lub, Lu6/Lu9, Lu8/Lu14, and
Lutheran antigens and a recessive mode of inheritance, was
Aua/Aub—and 11 antigens of very high frequency. These antigens
found in an English woman in 19605; its molecular backare located on four of the five immunoglobulin-like domains of
ground was resolved 47 years later.6 A phenotype called
both isoforms of the Lutheran glycoprotein. The LU gene is on
Lu(a−b−), but often subsequently referred to as In(Lu) phechromosome 19 and comprises 15 exons. The two glycoprotein
notype, was discovered in 1961 by Dr. Mary (Polly) Crawisoforms differ in the length of their cytoplasmic tails as a reford, MD, in herself and in three generations of her famsult of alternative splicing of intron 13. Lunull phenotype arises
ily.7 This phenotype, in which Lutheran antigens are barely
from homozygosity for inactivating mutations in the LU gene.
detectable and there is also weakened expression of some
The dominantly inherited Lumod phenotype, In(Lu), results from
heterozygosity for inactivating mutations in KLF1, the gene for the
other blood group antigens outside of the Lutheran system,
erythroid transcription binding factor EKLF. Clinically, antibodhas a dominant mode of inheritance. The molecular basis
ies of the Lutheran system are relatively benign. When hemolytic,
of In(Lu), heterozygosity for inactivating mutations in a
they generally cause only mild, delayed hemolytic transfusion regene for an erythroid transcription factor, was identified in
actions or hemolytic disease of the fetus and newborn that can be
2008.8
treated by phototherapy. The Lutheran glycoproteins, which are
Immunochemical analyses revealed that the Lutheran
members of the immunoglobulin superfamily of adhesion molantigens were located on two isoforms of a glycoprotein.9,10
ecules and receptors, bind isoforms of laminin with α5 chains,
Cloning and sequencing of the Lutheran gene in 1995,11 and
components of the extracellular matrix abundant in vascular
subsequent disclosure of its organization,12,13 demonstrated
endothelia. The primary function of the Lutheran glycoproteins
on RBCs could involve the transfer of maturing
RBCs from the bone marrow to the peripheral
Table 1. Antigens of the Lutheran system
circulation. They could also be involved in vascuAntigen
Molecular basis of antigen-negative phenotype
lar occlusion and thrombotic events as complicaAntitions of sickle cell disease and polycythemia vera,
No
Name Frequency
thetical
Nucleotides
Exon
Amino acids
respectively.
a
b
Polymorphic
Lu
230A>G
3
His77Arg
LU1
Lu
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Key Words: blood groups, Lutheran, antigens,
antibodies, molecular genetics, EKLF, immunoglobulin superfamily, laminin, sickle cell disease

History
utheran was the fifth blood group system to be discovered, after ABO, MN
(but before S), P, and Rh. Anti-Lua,
the first Lutheran antibody, was identified in
1945 in a serum that also contained the first
examples of anti-Cw and anti-Levay (which
became anti-Kpc), plus anti-c and anti-N.1,2
It was another 10 years before the antibody
to the antithetical antigen, Lub, was identified.3 Lutheran is now a complex system
comprising four pairs of antithetical antigens plus 11 antigens of very high frequency
(Table 1). In 1951 the first demonstration of
linkage between human autosomal genes
was between the Lutheran blood group gene
and the gene originally believed to govern
the Lewis blood group, but which turned out
to be the ABO secretor gene.4

L

LU2

Lub

High

Lua

LU3

Lu3

High

Various

LU4

Lu4

High

LU5

Lu5

High

LU6

Lu6

High

LU7

Lu7

High

LU8

Lu8

High

Lu14
Lu6

Lu9

230G>A

3

Arg77His

1. 524G>A
2. 524G>T

5
5

1. Arg175Gln
2. Arg175Leu

326G>A

3

Arg109His

824C>T

7

Ser275Phe

611T>A

6

Met204Lys

824T>C

7

Phe275Ser

Not known

LU9

Lu9

Low

LU11

Lu11

High

Not known

LU12

Lu12

High

1. 99-104del
2. 419G>A

2
3

1. delArg34+Leu35
2. Arg140Gln

LU13

Lu13

High

1340C>T,
1742A>T

11,
13

Ser447Leu,
Gln581Leu

LU14

Lu14

Low

611A>T

6

Lys204Met

LU16

Lu16

High

679C>T

6

Arg227Cys

Lu8

LU17

Lu17

High

340G>A

3

Glu114Lys

LU18

Aua

Polymorphic

Aub

1615A>G

12

Thr529Ala

LU19

Au

Polymorphic

Au

1615G>A

12

Ala529Thr

LU20

Lu20

High

905C>T

7

Th302Met

LU21

Lu21

High

282C>G

3

Asp94Glu

b

a

Obsolete: LU10, previously Singleton; LU15, AnWj (now 901009).

152

IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009

Lutheran

that the Lutheran (Lu) glycoproteins are members of the
immunoglobulin superfamily of receptors and adhesion
molecules and differ from each other in the length of their
cytoplasmic tails as a result of alternative splicing. Elucidation of the molecular bases of the Lutheran polymorphisms
and variants soon followed.12–14
Clinically Lutheran is not very important, but it is a very
interesting system from genetic and functional perspectives.
The Lutheran Gene (LU) and the Lutheran Glycoproteins (CD239)
LU is located on the long arm of chromosome 19, at
19q13.2, as part of the linkage group that includes the genes
for the H (FUT1), secretor (FUT2), and Lewis (FUT3) glycosyltransferases and for the LW blood group (ICAM4).15,16
Lutheran cDNA was cloned from a human placental cDNA
library by using an amino acid sequence derived from Luglycoproteins purified by immunoaffinity chromatography
with a monoclonal antibody, BRIC 221.11
Immunoblotting of RBC membranes with monoclonal
anti-Lub or with alloanti-Lua, -Lub, -Lu3, -Lu4, -Lu6, -Lu8,
-Lu12, -Aua, or -Aub revealed components of apparent molecular weights of 85 and 78 kDa.9,10,17 Immunoprecipitation
experiments with a rabbit antiserum prepared to an amino acid sequence of the cytoplasmic domain showed that
the 78-kDa structure lacks part of the cytoplasmic domain
present in the 85-kDa isoform.11
The Lu-glycoproteins belong to the immunoglobulin
superfamily (IgSF),11 a large collection of glycoproteins that
contain repeating extracellular domains with sequence homology to immunoglobulin variable (V) or constant (C1,
C2, or I) domains. IgSF glycoproteins mostly function as
receptors and adhesion molecules and may be involved in
signal transduction.18 The extracellular domain of the Luglycoproteins is organized into two V and three C2 IgSF
domains,11 with a distinctive bend and flexible junction between domains 2 and 3 (Fig. 1).19,20 There are five potential
N-glycosylation sites, one in the third domain and the other
four in the fourth domain.
The LU gene is organized into 15 exons: exon 1 encodes
the signal peptide; exons 2 through 12, the five IgSF domains; exon 13, the transmembrane domain and the cytoplasmic domain common to both isoforms; and exons 14
and 15, the C-terminal 40 amino acids of the 85-kDa isoform.12,13 LU transcripts of 2.5 kb and 4.0 kb encode the 85kDa and 78-kDa Lu-glycoprotein isoforms, respectively.21
The two transcripts differ as a result of alternative splicing
of intron 13: in the 2.5-kb transcript intron 13 has been
removed by splicing and exons 14 and 15 encode the Cterminal 40 amino acids of the larger isoform; in the 4.0-kb
transcript intron 13 is retained and contains a translationstop codon, so the unspliced intron 13 and exons 14 and 15
are not translated and the protein product has a cytoplasmic domain consisting only of the 19 amino acids encoded
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Fig. 1 Model of the Lu-glycoproteins showing the five IgSF domains, the location of the Lutheran antigens, and the cytoplasmic
domains in the two isoforms.

by exon 13.21 The 78-kDa transcript had previously been
identified as an epithelial cancer antigen, and is often referred to by its earlier name, B-CAM,22 or as Lu(v13).21
The Lutheran Antigens
Lua (LU1) and Lub (LU2)
Lua and Lub are inherited as codominant allelic characters.15 Lua is widely distributed among Europeans, Africans,
and North Americans, with a frequency of around 6 to 8
percent, but it is very rare in or absent from all other indigenous populations studied.23 In Caucasian populations
the incidence of Lu(b−) is about one in a thousand. Typical frequencies were obtained from tests with anti-Lua and
-Lub on about 1500 white Canadians: Lua 6.9 percent; Lub
99.9 percent; Lu(a−b+) 93.1 percent; Lu(a+b+) 6.8 percent;
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Lu(a+b−) 0.1 percent; Lua allele 3.5 percent; Lub allele 96.5
percent.24,25 All of 1102 Chinese genotyped were homozygous for Lub.26
The Lutheran antigens are very variable in strength,
but the antigenic strength usually remains roughly constant
within families. There is also heterogeneity of Lutheran
antigen strength among individual RBCs within a person,
which accounts for the characteristic mixed field agglutination patterns often seen with Lutheran antisera, especially
anti-Lua. Occasionally adsorption and elution tests are required to detect weak Lub on Lu(a+b+) cells. RBCs from
cord samples and from infants in the first year of life have
markedly weakened expression of Lua and Lub compared
with those from adults.15
Lua/Lub results from a single nucleotide polymorphism
(SNP) in exon 3 of LU, encoding an amino acid substitution
in the first IgSF domain of the Lu-glycoproteins: Lua A230,
His77; Lub G230, Arg 77 (Table 1).12,13 This SNP is associated
with an AciI restriction-site polymorphism.13

the antithetical antigen, Aub, was not found until 1989.
For many years the Auberger antigens were considered
to be independent of Lutheran, despite being absent from
In(Lu) RBCs, mainly because of results on one family,
which showed recombination between Aua and Lua.34 After
the demonstration that Aua and Aub are located on the Luglycoproteins,17 the family was retested for Aua and tested
for Aub; errors in the original testing were discovered and
the family then supported linkage between Auberger and
Lutheran.35 Family studies confirmed that Auberger and
Lutheran antigens are controlled by the same gene.36 Aua
has an incidence of between 80 percent and 90 percent in
European populations.33,37 Aub has an incidence of about
50 percent in a European population and 68 percent in an
African American population.38 Genotyping in Chinese predicted antigen frequencies for Aua and Aub of 98 percent
and 24 percent, respectively.26
Aua and Aub represent an SNP in exon 12 encoding an
amino acid substitution in the fifth IgSF domain.12

Lu6 (LU6) and Lu9 (LU9)
Lu6 and Lu9, Lutheran antigens of high and low frequency, respectively, have an antithetical relationship and
represent an SNP and CfoI restriction polymorphism in LU
encoding an amino acid substitution in the third IgSF domain (Table 1).14 The original anti-Lu9 was found, together
with anti-Lua, in the serum of a white woman.27 RBCs of
her husband were Lu(a+b+) and Lu:9. Study of his family
showed that Lu9 expression was controlled by the LU locus, although it did not represent an allele of Lua and Lub.
The only other example of anti-Lu9 was found in a multiply
transfused woman and tests on 200 RBC samples unearthed
only one Lu:9 sample (0.5%).28 Tests with the original antiLu9 suggested a higher frequency of 1.7 percent,27 but that
serum also contained anti-HLA-B7 (-Bga).29
RBCs of the original Lu:–6 propositus and those of her
two Lu:–6 siblings were strongly Lu:9, suggesting homozygosity.30 All other Lu:–6 individuals (who are not Lunull)
have also been Lu:9.

Other Lutheran Antigens
Lu3, Lu4, Lu5, Lu7, Lu11, Lu12, Lu13, Lu16, Lu17, Lu20,
and Lu21 are antigens of very high incidence.15,39 All are absent from Lunull RBCs and absent from, or extremely weakly
expressed on, In(Lu) cells. All except Lu11 have been shown
to be located on the Lu-glycoproteins by immunoblotting,
monoclonal antibody-specific immobilization of erythrocyte antigens assay, or flow cytometry with K562 cells
transfected with LU cDNA,10,12,39,40 or their absence has been
associated with a mutation in the LU gene (Table 1).6,14,39
Lu11 has not been shown to be inherited29 and the evidence
that Lu11 belongs to the Lutheran system is limited, so Lu11
should be referred to as a para-Lutheran antigen.
Absence of most of these high-frequency antigens is associated with a single nucleotide change in LU, encoding
an amino acid substitution, but there are some exceptions
(Table 1). Lu3 is defined by antibodies produced by immunized individuals with Lunull phenotype and is described
later. Homozygosity for two different mutations within the
same codon has been responsible for the rare phenotype in
the only two known unrelated Lu:−4 individuals: 524G>A
encoding Arg175Gln and 524G>T encoding Arg175Leu.14,41
Lu:−12 also had two different molecular backgrounds in two
individuals: (1) a six-nucleotide deletion in exon 2 encoding
a deletion of Arg34 and Leu35; (2) 419G>A in exon 3 encoding Arg140Gln.14 Although the mutations are in different exons, when mapped to a three-dimensional schematic
presentation of the Lu-glycoprotein the amino acid changes
appeared to be located in close spatial proximity because of
the protein folding.14 It is likely that the mutations altered
the same epitope on the Lu-glycoprotein, affecting binding
of the anti-Lu12. Lu:−12 was associated with weak expression of Lub in the original family and in an Lu:−12 individual
found by screening 1050 Canadian donors with anti-Lu12.42
Lu12 and Lub are both located on the first IgSF domain, so

Lu8 (LU8) and Lu14 (LU14)
Lu8 and Lu14, Lutheran antigens of high and low frequency, respectively, have an antithetical relationship and
represent an SNP and FatI and Nla restriction polymorphisms in LU, encoding an amino acid substitution in the
second IgSF domain (Table 1).14 The original anti-Lu8 was
reported as an antibody to a high-frequency antigen absent
from Lunull cells.31 An antibody in the serum of a multiply
transfused dialysis patient, which reacted with RBCs of
2.4 percent of random white donors, reacted strongly with
three examples of Lu:–8 and was numbered anti-Lu14.32
Aua (LU18) and Aub (LU19): the Auberger Antigens
The first anti-Aua was identified in 1961 in the serum
of a multiply transfused woman. 33 The antibody to
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the Lub weakening may result from conformational changes
caused by the amino acid changes arising from the Lu:−12
mutations.
Recombinant Lutheran Antigens
Lutheran antigens have been used as models for the
application of recombinant proteins in antibody identification.12,43,44 Recombinant proteins containing all or some
of the IgSF domains of the Lutheran protein have been
expressed in eukaryotic or prokaryotic cells. The purified
protein was then used in agglutination inhibition tests,
attached to polystyrene plates for detection by an ELISA
procedure, or coupled to superparamagnetic particles for
detection in a particle gel immunoassay.43–45 Alloanti-Lua
or -Lub, as specified by the cDNA transfected, was detected
with high sensitivity and specificity.
Lunull and Lumod Phenotypes
Lunull
The only true Lunull phenotype is extremely rare and has
a recessive mode of inheritance. No antigens of the Lutheran system can be detected on the RBCs, and individuals
with the Lunull phenotype may make an antibody, anti-Lu3,
which reacts with all RBCs apart from those with the Lunull
phenotype. Lunull RBCs have normal expression of those antigens, such as AnWj, that are expressed weakly on In(Lu)
RBCs.
The molecular background of Lunull has been identified
in five individuals. All are either homozygous or doubly
heterozygous for inactivating mutations in the LU gene.
1. English woman.5 Heterozygosity for a nonsense mutation 691C>T in exon 6, encoding Arg231STOP, and for
a deletion of exons 3 and 4.6
2. Japanese blood donor. Homozygosity for a nonsense
mutation 711C>A in exon 6 encoding Cys237STOP.6
3. German woman of Czech origin. Homozygosity for a
nonsense mutation 361C>T in exon 3 encoding Arg121STOP.6
4. Japanese blood donor. Homozygosity for a 27-kb deletion encompassing exons 3 to 15 of LU.46
5. Pregnant Dutch Caucasian woman. Homozygosity for
a dinucleotide deletion, 123GG, in exon 2, converting
42Glu-Val-Met to 42Gly-Arg-STOP.47
In(Lu)
In(Lu) was the name given for a rare, dominant suppressor of the Lutheran antigens and has subsequently also
been used to describe the phenotype. RBCs of most individuals with an In(Lu) gene appear to be Lu(a−b−) and Lunull
by agglutination tests, but will bind selected Lutheran antibodies, as determined by adsorption and elution tests. Adsorption and elution tests with anti-Lua and -Lub permitted
the determination of the Lutheran genotype in some In(Lu)
members of families, which demonstrated that the In(Lu)
suppressor gene is not inherited at the LU locus.48 No
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Lutheran system antibody has been detected in the serum
of any person with an In(Lu) gene, presumably because of
the weak expression of Lutheran system antigens on their
RBCs.
A large survey of about 250,000 London blood donors
with anti-Lub and -Lua revealed 79 Lu(a−b−) donors, an incidence of about 0.03 percent.49 Most of these were probably In(Lu). A similar incidence was found by screening
African Americans in Detroit.50 Screening of US donors in
Houston and Portland with monoclonal anti-CD44 or with
anti-AnWj, which would be more specific for In(Lu), gave
frequencies of 0.02 percent and 0.12 percent, respectively.51,52
The term In(Lu) is not really appropriate as the In(Lu)
phenotype is also characterized by weakened expression of
RBC antigens belonging to other blood group systems:
• P1, although the effect is less obvious than that of the
Lutheran antigens49,53;
• i antigen as judged by selected anti-i49,53;
• CD44, and consequently the high-frequency Inb (IN2),
INFI (IN3), and INJA (IN4) antigens located on CD44,
although these determinants are still easily detected on
In(Lu) RBCs54,55;
• AnWj, an antigen of very high incidence, which may be
associated with the CD44 glycoprotein, is not expressed,
or at least is expressed only very weakly56;
• Kna, McCa, Sla, and Yka of the Knops system (CD35),57
Csa,57 and MER2 (CD151),15 although the effect is slight
and family studies are required.
Individuals with an In(Lu) gene are generally healthy
with no obvious anemia or reticulocytosis, although a degree of acanthocytosis has been associated with In(Lu).58
Singleton et al.8 demonstrated that In(Lu) resulted from
heterozygosity for mutations in KLF1, in the presence of a
normal KLF1 allele. KLF1 encodes the erythroid transcription factor erythroid Kruppel-like factor (EKLF), which
is essential for terminal differentiation of erythroid cells.
The following mutations were detected: two nonsense, two
frameshift, four encoding single amino acid substitutions,
and one single nucleotide change in the promoter region.
Lumod of the X-linked Type
In another type of Lumod, found in just one large Australian family, the mode of inheritance showed the characteristics of resulting from a recessive X-borne inhibitor gene.59
All the Lumod members were males, and although the Lumod
phenotype occurred in successive generations, there was no
example of transmission of the phenotype from parent to
child. The regulator locus is called XS; XS1 is the common
allele and XS2 the rare inhibitor allele. The Lumod RBCs were
Lu(a–b–) and lacked the other Lutheran antigens, yet anti-Lub
could be adsorbed and eluted from the RBCs. The RBCs were
AnWj+, appeared to have slightly enhanced i antigen, and had
weak P1 antigens, although this may have been attributable to
the presence of a weak P1 gene in the family.
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Lutheran Antibodies and Their Clinical Significance
If Lutheran antibodies are implicated in hemolytic
transfusion reactions, they are almost always mild and delayed,15 although there could be exceptions.60 Lutheran antibodies have not been reported to have caused hemolytic
disease of the fetus and newborn severe enough to require
any treatment beyond phototherapy.15 Lua antibodies may
be naturally occurring or immune and are often IgM, but
may also be IgG and IgA. They are usually reactive by direct
agglutination of Lu(a+) RBCs, but often also react by an indirect antiglobulin test (IAT). Antibodies to Lub and other
Lutheran antigens are most often IgG, predominantly IgG1,
although IgM or IgA may be present. Most anti-Lub RBCs
react best by IAT, but some are directly agglutinating with a
temperature optimum of 20°C.
Monoclonal anti-Lub has been produced from mice immunized with Lu(b+) RBCs,9 and a single-chain variable
fragment (scFv) with Lua specificity has been produced by
phage display and recombinant DNA technology.61
Lutheran antibodies react with papain-treated RBCs,
but not with trypsin- or α-chymotrypsin-treated RBCs.
RBCs treated with 6 percent 2-aminoethylisothiouronium
bromide (AET) or with 200 mM dithiothreitol (DTT) do
not usually react with Lutheran antibodies. This should be
expected considering that Lutheran antigens are located
in disulfide-bonded IgSF domains and sulfhydryl reducing
agents, such as AET and DTT, break disulfide bonds, unfolding the protein.
Functional Aspects of the Lutheran Glycoproteins
In addition to RBCs, the Lu-glycoproteins are present
on vascular endothelial cells and epithelial cells of multiple
tissues.11,21 The Lu-glycoproteins bind laminin, a component of the extracellular matrix (ECM) abundant in basement membranes and also present in vascular endothelia.
The 15 known types of laminin are composed of different
isoforms of three protein chains (α, β, γ). Lu-glycoproteins
bind specifically and with high affinity to the two isoforms
of laminin that contain α5 chains (511 and 521).62,63 The
laminin binding site is formed by Asp312 and a surrounding group of negatively charged residues in the region of
the flexible linker between IgSF domains 2 and 3 of the Luglycoproteins (Fig. 1).19
During in vitro erythropoiesis, the Lu-glycoproteins
appear on the erythroid cells at about the orthochromatic
erythroblast stage.64,65 This late appearance correlates with
binding of the cells to laminin.66 The presence of laminin 511/521 on the subendothelium basement membrane
of bone marrow sinusoids has led to speculation that the
Lu-glycoproteins are involved in facilitating movement of
maturing erythroid cells from the erythroblastic islands of
the bone marrow, across the sinusoidal endothelium, to the
peripheral circulation.62,64 The Lu-glycoproteins may also
play a role in the migration of erythroid progenitors from
the fetal liver to the bone marrow.11 No obvious pathologic
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process, however, is associated with the Lunull or Lumod phenotypes.15
The IgSF glycoproteins expressing Lutheran and LW
blood group activity are overexpressed on SS RBCs in sickle
cell disease. Enhanced binding of the Lu-glycoproteins to
laminin 511/521 on the endothelia of inflamed or damaged
blood vessels could contribute to blockage of the vessels
and the painful episodes of vaso-occlusion often suffered by
sickle cell patients.67 Although laminin 511 and 521 are usually considered unique ligands of the Lu-glycoproteins, the
integrin α4β1 (VLA-4) on SS reticulocytes may also bind Luglycoproteins on endothelial cells, contributing to the vasoocclusion.68 Phosphorylation of Lu-glycoprotein serines
596, 598, and 621 in RBCs, stimulated by the physiologic
stress mediator epinephrine, could induce conformational
changes to the external domains of these proteins, modulating their attraction to their corresponding ligands on
endothelial cells.67,69
Polycythemia vera (PV) is a chronic myeloproliferative
disease in which clonal proliferation of multipotent hemopoietic cells results in an increase in the RBC mass. It is
usually associated with a somatic mutation in the gene for
JAK2 tyrosine kinase and is often complicated by thrombotic
events. The Lu-glycoproteins are phosphorylated in PV, but
not in normal cells under the same conditions. Expression
in an erythroid cell line of recombinant JAK2 containing the
PV mutation potentiated Lu-glycoprotein phosphorylation.
As phosphorylation of the Lu-glycoproteins increases RBC
adhesion, this led to the proposal that increased RBC adhesiveness may be a factor promoting thrombosis in PV.70
Both Lu-glycoprotein isoforms interact directly with
spectrin of the cytoskeleton, through Arg-Lys at positions
573 and 574 of their cytoplasmic tails.71 This interaction with
spectrin appears to modulate the adhesive activity of the
Lu-glycoproteins as disruption of the interaction resulted
in weakened linkage to the cytoskeleton and enhanced adhesion of RBCs to laminin.72 An et al.72 speculate that phosphorylation of the cytoplasmic tail of the Lu-glycoproteins
weakens its interaction with spectrin, enabling the freely
floating transmembrane molecules to cluster and generate
a larger adhesive force.
It is becoming clear that the Lutheran blood group,
which is of minor clinical importance in transfusion medicine, may play a much more substantial role in the pathology of sickle cell disease or PV.
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Case Report

New serologic findings in a patient with
ulcerative colitis and a warm autoantibody
T.G. Lightfoot and L. Delia VanThof

IgG-RBC sensitization associated with serine proteases is the current prevailing hypothesis used to explain an uncommon phenomenon in which a positive DAT is obtained using the RBCs from
a patient’s clotted blood sample but a negative DAT is obtained
when testing RBCs from the patient’s unclotted sample. Similarly,
the patient’s serum but not plasma will also be reactive by IAT
against all RBCs tested. The majority of patients demonstrating
this phenomenon have had a history of ulcerative colitis but no
signs of hemolytic anemia. A case of IgG-RBC sensitization associated with serine proteases and a warm autoantibody in a 14-yearold Hispanic girl with ulcerative colitis is reported. The patient
was admitted for severe anemia (Hb, 6.9 g/dL). On admission,
pretransfusion testing of the patient’s serum and RBCs showed
an ABO/Rh discrepancy between the forward typing and reverse
grouping. The phenomenon of IgG-RBC sensitization associated
with serine proteases was considered in the differential evaluation
of the serum versus plasma typing discrepancy. To confirm the
presence of the phenomenon of IgG-RBC sensitization associated
with serine proteases, the plasma was clotted and converted to serum by the addition of thrombin. The initially nonreactive plasma
was 2+ reactive when converted to serum. A warm autoantibody
was also detected during the course of serologic evaluation. The
patient was transfused with 2 units of incompatible RBCs with no
adverse reaction observed.
Immunohematology 2009;25:160–164.

Key Words: serine proteases, serum, plasma, ulcerative
colitis
Background
n 1980, Garratty and colleagues1 described and investigated an unusual phenomenon in which a patient’s
blood had a positive DAT in clotted samples but a negative DAT in anticoagulated samples. Since it was first recognized, there have been several theories put forward to explain this phenomenon. The current prevailing hypothesis
used to explain the phenomenon is one proposed by Garratty in 1993.2 Garratty suggested that the observed phenomenon was attributable to IgG-RBC sensitization associated
with serine proteases. In 1993, Garratty performed a review of case reports for patients with this phenomenon. He
found that 71 percent of patients had a history of ulcerative
colitis or other inflammatory bowel diseases.2 The proposed
mechanism for the phenomenon of IgG-RBC sensitization
associated with serine proteases is that an antibody in the
patient’s serum is directed against an epitope present on
most serine proteases.3 Theoretically, the generated complexes would then bind to RBCs. The reactivity observed in

I
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clotted serum is attributed to the generation of thrombin (a
serine protease in its activated form) in the coagulation process. The blood group specificity of the antibodies involved
in this phenomenon is usually undetermined. There have
been three instances in which antibodies reacting in serum
but not in plasma have been determined to have blood
group specificities, and they are autoanti-Sc1, 4 autoantiKpb,5 and autoanti-c.6 Ulcerative colitis is also associated
with a positive DAT as a result of warm autoantibodies. The
association of a positive DAT with ulcerative colitis was first
described by Lorber et al. in 1955.7 Autoimmune hemolytic
anemia (AIHA) is an infrequent but serious complication
of ulcerative colitis with a reported frequency of 0.7 percent.8 The prevalence of a positive DAT in ulcerative colitis
patients without progression to AIHA is unknown. To our
knowledge, we report the first case in which both the phenomenon of IgG-RBC sensitization associated with serine
proteases and a warm autoantibody are present concurrently in a pediatric patient with ulcerative colitis.
Case Report
The patient is a 14-year-old Hispanic girl who initially
presented in August 2006 at the age of 12 with an 8-month
history of bloody stools, abdominal pain, and weight loss.
She was hospitalized and a clinical workup was initiated.
On physical examination she was pale and lethargic. Abnormal laboratory findings included a Hb of 4.0 g/dL (normal
range, 11.5–16 g/dL); Hct, 13.4% (37–47%); MCV, 54.4 fL
(80–96 fL); MCH, 16.4 pg (27–32 pg); MCHC, 30.2 g/dL
(32–36 g/dL); erythrocyte sedimentation rate, 35 mm/h
(0–20 mm/h); reticulocyte count, 3.2% (0.5–1.5%); LDH,
233 U/L (105–333 U/L ); bilirubin, 0.7 mg/dL (0.3–1.9
mg/dL); C-reactive protein, 1.61 mg/dL (1.0–3.0 mg/dL);
positive anti-cardiolipin antibodies (negative); ferritin < 2
ng/mL (7–140 ng/mL); iron, 9 μg/dL (50–170 μg/dL); alkaline phosphatase, 54 IU/L (20–140 IU/L); and positive
atypical perinuclear antineutrophil cytoplasmic antibodies
(P-ANCA) with a titer of 1:1280 (negative). Stool culture
for Clostridium difficile toxin was positive. Other laboratory findings included a WBC of 6.9 × 103/μL (4.8–10.8 ×
103/μL) with a differential of 25% segmented neutrophils,
28% bands, 30% lymphocytes, 13% monocytes, 2% eosinophils, and 2% atypical lymphocytes. Platelet count was 344
× 109/L (150–450 × 109/L); prothrombin time, 15.3 seconds (< 10–15 seconds); activated partial thromboplastin
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DAT result obtained with anti-C3 could also be attributtime, 28.9 seconds (< 35 seconds); INR, 1.20 (0.8–1.2);
and fibrinogen, 395 mg/dL (200–400 mg/dL). A CT scan
able to the presence of a cold autoagglutinin. To determine
of her abdomen showed inflammation of the entire colon.
whether a cold autoagglutinin was indeed present, the paNo abnormalities of the small bowel were seen on an uptient’s serum was treated with 0.01 M DTT (Sigma-Aldrich,
per gastrointestinal series. She underwent a colonoscopy,
St. Louis, MO) to abolish IgM activity. No change in reacwhich showed inflammation and friability of the mucosa.
tivity was noted when the patient’s DTT-treated serum was
Colonic biopsies showed cryptitis and crypt abscesses to
tested against the reverse-grouping cells. The patient’s neat
the hepatic flexure. The colonoscopic findings in conjuncserum and reverse-grouping cells were then warmed to 37°C
tion with her elevated atypical P-ANCA laboratory findings
before being added to the appropriately labeled test tubes.
confirmed a diagnosis of ulcerative colitis. She was treated
The test tubes were incubated at 37°C for 1 hour before bewith intravenous methylprednisolone, oral mesalamine,
ing examined for agglutination. Using the prewarmed pametronidazole, and 6-mercaptopurine. The patient had no
tient serum and reverse-grouping cells, there was no change
signs or symptoms of AIHA and this was not considered
noted in reactivity when retested; as such the presence of a
as a cause of her anemia. The patient did have significant
cold autoagglutinin was excluded. The results obtained usGI bleeding, which her treating physician determined to be
ing these testing methods are shown in Table 1.
the cause of her anemia. During this hospitalization, she
received 4 units of packed RBCs to correct
her anemia. During the next year she reTable 1. ABO/Rh discrepancy detected using patient’s serum
quired several courses of steroids and she
Anti- AntiAntiAntiRh
A1
A2
B
O
was started on infliximab (Remicade) apA
B
A,B
D
control cells cells cells
cells
proximately 14 months after her initial diPatient’s
4+
0
4+
4+
0
4+
4+
4+
4+
agnosis. She was observed to develop hives
RBC/serum
that worsened on subsequent dosing. The
DTT-treated
NT
NT
NT
NT
NT
4+
4+
4+
4+
infliximab therapy was discontinued and
serum
adalimumab (Humira) was instituted.
Prewarmed
NT
NT
NT
NT
NT
4+
4+
4+
4+
In February 2008, when the patient
serum
was 14 years old, she was found to have a
NT= not tested.
Hb of 6.9 g/dL on routine monthly blood
work. She was subsequently admitted to
the hospital for further workup and evaluation. Initial seAn additional patient sample was requested to confirm
rologic evaluation showed a positive DAT. Serum reactivthat the discrepant reactivity was in fact sample related and
ity also was detected with all RBCs tested at antiglobulin
not attributable to a sample tube mix-up. The reactivity dephase using standard tube technique. The serologic evalutected with the additional sample was identical to that of
ation was unable to be completed by the hospital, and the
the original sample submitted, excluding the possibility of a
samples were sent to the immunohematology reference
sample tube mix-up.
laboratory (American Red Cross, West Henrietta, NY) for
Owing to the initial reactivity detected with the reverseevaluation of a positive DAT and antibody identification.
grouping cells, a selected cell panel was tested in a saline
tube at 22°C to determine whether the reactivity was atImmunohematologic Evaluation and Results
tributable to an IgM antibody. No antibody reactivity, howThe results of initial pretransfusion testing showed
ever, was detected when this testing was performed using
an ABO discrepancy between the forward typing and the
the patient’s plasma. The same selected cell panel was then
reverse grouping when testing the patient’s RBCs and seretested using the patient’s serum, and all cells were noted
rum using standard tube technique according to manuto be 4+ reactive. Because discrepant reactivity was detectfacturer’s instructions. The patient’s RBCs forward typed
ed between the patient’s serum and plasma, the patient’s
as group A and the Rh type was D+. Test results obtained
plasma was tested against the reverse-grouping cells, and
with the reverse-grouping cells were inconclusive owing to
no ABO discrepancy was detected. Using this method, the
4+ reactivity obtained with all reverse-grouping cells (A1,
patient’s blood type was determined to be A positive, which
A2, B, O cells; Referencells, Immucor, Inc., Norcross, GA).
was consistent with the submitting hospital’s historical rePretransfusion testing using RBCs from an EDTA sample
cords.
showed a positive DAT, reactive with both anti-IgG and
During the process of evaluating the serum versus plasanti-C3 (Immucor, Inc.). DAT testing was not performed
ma discrepancy, the possibility of IgG-RBC sensitization ason RBCs from a clotted sample as our reference laboratory
sociated with serine proteases was considered. To further
does not routinely perform DAT testing on such samples.
evaluate this hypothesis, the patient’s plasma was clotted
A cold autoagglutinin was initially thought to be present
using thrombin (Sigma-Aldrich) to convert the plasma to
on the patient’s RBCs because of the additional reactivity
serum. The plasma was initially nonreactive when tested
detected with all reverse-grouping cells tested. The positive
against the group O reverse-grouping cells. Using the same
IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009
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group O reverse-grouping cells, the converted serum was
found to be 2+ reactive (see Table 2 for the test results obtained using the patient’s plasma).
As stated earlier, there have been three instances in
which antibodies reacting in serum but not in plasma have
been determined to have blood group specificities.4–6 The
patient’s RBCs tested positive for the Sc1 antigen; however,
Sc1-negative RBCs were 4+ reactive when tested against
the patient’s serum in Micro Typing System (MTS) IgG gel
(Ortho-Clinical Diagnostics, Raritan, NJ), thus excluding
a possible IgG autoantibody with anti-Sc1 specificity. Autoanti-c was excluded based on the patient’s phenotype; the
patient’s RBCs tested negative for the c antigen. AutoantiKpb was not evaluated as this possibility was not known at
the time of testing and was later identified during a further
literature search after the completion of this workup.5
Table 2. ABO/Rh testing using patient’s plasma
AntiA

AntiB

AntiA,B

AntiD

Rh
control

A1
cells

A2
cells

B
cells

Patient’s
RBC/
plasma

4+

0

4+

4+

0

0

0

4+

Thrombintreated
plasma

NT

NT

NT

NT

NT

NT

NT

NT

NT= not tested.

Because the patient’s plasma was nonreactive when
tested in a saline tube at 22°C, antiglobulin testing was
performed using the patient’s plasma. Initial testing was
performed in both MTS IgG gel and LISS-AHG (Immucor,
Inc.). The patient’s plasma was 3+s reactive in both MTS
IgG gel and LISS-AHG with three of three screening cells
(Surgiscreen; Ortho-Clinical Diagnostics, Inc.) and two
phenotypically similar cells. Autologous cells treated
with EDTA-glycine acid (EGA) (Immucor, Inc.) to remove
the IgG coating were also 3+ reactive. The patient’s serum
was also tested and found to be 4+ reactive with the same
two phenotypically similar cells when tested in MTS IgG
gel.
The pattern of reactivity detected when testing the patient’s plasma suggested the presence of an IgG autoantibody. We were unable to determine whether the reactivity
detected when testing the serum sample at antiglobulin
phase was also attributable to a possible IgG autoantibody
or interference of the serine protease antibody. A 3× alloadsorption was performed onto a phenotypically similar, R1R1
K– Jk(b–), glutaraldehyde-treated RBC to remove the IgG
autoantibody reactivity and assess for the presence of underlying alloantibodies. No underlying alloantibodies were
detected when testing the 3× alloadsorbed plasma in LISSAHG. Alloantibodies to the major blood group antigens
were ruled out by this testing. An IgG autoantibody was
concluded to be in the patient’s plasma because of:
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1.

Patient’s positive DAT, with anti-IgG, detected using
tube technique
2. Positive autocontrol, which consisted of the patient’s
RBCs treated to DAT negative tested against the patient’s plasma in LISS-AHG
On February 14, 2008, the patient had a pretransfusion Hb of 6.9 g/dL and was transfused with 2 units of
least-incompatible packed RBCs, attaining a posttransfusion Hb of 10.2 g/dL. There was no clinical or serologic evidence of an adverse reaction after transfusion.
Discussion
This report describes the presence of the phenomenon
of IgG-RBC sensitization associated with serine proteases
in a patient with ulcerative colitis. In this case, a positive
DAT owing to the presence of a warm autoantibody was
also present. To our knowledge this is the first published
case in which both entities are concurrently present in a
patient. Both of these entities may have a respecO
tive association with ulcerative colitis. In this case,
cells
the antibodies involved in both the phenomenon of
0
IgG-RBC sensitization associated with serine proteases and the presence of a warm autoantibody
were of the IgG class. The mechanism of the phe2+
nomenon of IgG-RBC sensitization associated with
serine proteases is not completely understood. The
initial hypothesis proposed for the phenomenon
was that the patient had an IgG antibody to an activated coagulation factor that would not normally be present in plasma and that IgG immune complexes formed and
attached to RBCs in vitro.1 In 1993, Garratty,2 performed
a review of 28 patients with ulcerative colitis who manifested the IgG-RBC sensitization phenomenon associated
with in vitro clotting as initially reported in 1980. In this
review, the author observed that 10 of 11 IgG antibodies
tested were of the IgG3 subclass. Further, the author found
that the IgG-RBC sensitization phenomenon was not directly related to clotting. Garratty observed that a nonreactive plasma could be made reactive without clotting occurring by adding a variety of serine proteases (e.g., trypsin)
to the plasma. Therefore the hypothesis was subsequently
modified to suggest that the antibody in the patient’s serum was directed against an epitope present on most serine
proteases. This would include but would not be restricted
to activated coagulation factors.3
In humans there are four broad classes of proteases,
based on the mechanism they use to hydrolyze peptide
bonds. Respectively, they are serine, cysteine, aspartic, and
metalloproteases.9 Of these classes, the serine proteases are
the largest group, and their functions range from those attributable to nonspecific digestive enzymes such as trypsin,
to more highly regulated functions such as blood coagulation (thrombin) and immune response (complement system). Nearly all serine proteases have amino acid sequence
homology with pancreatic serine proteases. As a result,
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serine proteases have very similar tertiary structures.10 The
maintenance of structural homology within the serine protease class would be consistent with Garratty’s hypothesis
regarding an antibody to an epitope commonly shared by
serine proteases and his observation that a variety of serine
proteases and not only those generated during the coagulation process were capable of inducing the phenomenon of
IgG-RBC sensitization associated with serine proteases.3
Ulcerative colitis is a chronic inflammatory bowel disease that may be associated with extraintestinal immune
features. Approximately 23 to 42 percent of patients with
inflammatory bowel disease exhibit extraintestinal immunologic manifestations.11 Immune hematologic features
such as idiopathic thrombocytopenic purpura and AIHA
have been reported in patients with ulcerative colitis.8,12
Recently, the acquired form of thrombotic thrombocytopenic purpura (TTP) has also been described in patients
with ulcerative colitis.13 The most favored hypothesis for the
pathophysiology of acquired TTP is that of an autoimmune
process caused by autoantibodies that inhibit the activity
of the von Willebrand factor–cleaving metalloprotease ADAMTS13.14
As the majority of the patients in whom the phenomenon of IgG-RBC sensitization associated with serine proteases has been observed have a history of ulcerative colitis
or other inflammatory bowel disease, the phenomenon of
IgG-RBC associated with serine proteases may similarly
reflect another autoimmune extraintestinal immunologic
manifestation of inflammatory bowel disease. The autoimmune mechanism previously described in the pathogenesis
of acquired TTP (autoantibody to a protease) would also be
a plausible model for the phenomenon of IgG-RBC sensitization associated with serine proteases.
A positive DAT in association with ulcerative colitis may
occur as a result of the phenomenon of IgG-RBC sensitization associated with serine proteases or may be attributable
to a warm autoantibody with possible autoimmune hemolytic anemia. The presence of both of these distinct entities
in the same patient is a rare occurrence. Serologic investigation of the phenomenon of IgG-RBC sensitization associated with serine proteases may be quite challenging, and information regarding the patient’s history of ulcerative colitis
is beneficial. The clinical significance of the phenomenon of
IgG-RBC sensitization associated with serine proteases is
unknown. However, as best we are able to determine, it is
not associated with accelerated RBC destruction in vivo.
For those patients who have a positive serum and the phenomenon of IgG-RBC sensitization associated with serine
proteases is believed to be present, serologic testing may be
repeated with plasma. If the plasma is subsequently negative then compatibility testing may be performed using the
plasma as per the Standards of the American Association
of Blood Banks, which allows plasma to be used for compatibility testing.3,15 Ulcerative colitis with a positive DAT
and warm autoantibody is on rare occasion associated with
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hemolytic anemia and will require the appropriate transfusion recommendations. In such cases, incompatible units
screened negative for possible underlying alloantibodies
will need to be selected, as crossmatch units will appear
incompatible because of the presence of the IgG autoantibody. The patient will need to be monitored closely for signs
and symptoms of hemolysis after transfusion. In summary,
although the phenomenon of IgG-RBC sensitization associated with serine proteases does not appear to be associated
with accelerated RBC destruction, it is important that this
phenomenon be considered and recognized to avoid needless delay in serologic workup and the provision of blood for
the patient.
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A simple screening assay for the most
common JK*0 alleles revealed compound
heterozygosity in Jk(a–b–) probands from
Guam
E.S. Wester, J. Gustafsson, B. Snell, P. Spruell, Å. Hellberg, M.L. Olsson, and J.R. Storry
The Jk(a–b–) phenotype results from alterations in the JK gene
and is characterized by absence of the RBC urea transporter in the
cell membrane. The frequency of Jk(a–b–) varies among populations, but this phenotype is most commonly found in people of
Polynesian and Finnish descent. Although rare, Jk(a–b–) individuals present a clinical challenge because anti-Jk3 is produced readily in response to transfusion and pregnancy, and Jk(a–b–) blood
is not routinely available. Identification of Jk(a–b–) patients and
donors is most often performed serologically. However, ten JK*0
alleles have been identified, and this information can be used in
DNA-based typing. We selected five JK*0 alleles that had been
encountered by our reference laboratory in two or more samples
from unrelated individuals and designed an allele-specific primer
PCR assay for use as an initial screening tool. After in-house validation, we tested genomic DNA from a family: a mother and her
two sons referred to us for genetic investigation of their Jk(a–b–)
phenotypes. Two different nucleotide substitutions, –1g>a in intron 5 (IVS5) and 956C>T in exon 10, originally associated with
Polynesian and Indian/African populations respectively, were
identified in the family. The mother and one son were compound
heterozygotes, and the second son was homozygous for IVS5–
1g>a. We conclude that the effort to design and validate such a
screening assay was cost-efficient when compared with DNA sequencing costs. Furthermore, selection of the more common JK*0
mutations was a practical approach that resulted in rapid identification of the genetic bases behind the Jk(a–b–) phenotypes in this
unusual family. Although an obvious target for eventual inclusion
into high-throughput genotyping platforms for clinical diagnostic
services, current systems are very limited. Our approach provides
a simple and inexpensive method for the identification of these
rare alleles. Immunohematology 2009;25:165–169.

Key Words: JK blood group system, null phenotypes, molecular basis, PCR-ASP

T

he antigens of the Kidd (JK; ISBT009) blood group
system are carried on the RBC urea transporter (Kidd
glycoprotein, SLC14A1),1 a multipass membranespanning glycoprotein. Individuals who lack the Kidd glycoprotein on their RBCs express the Jk(a–b–) phenotype,
also known as Jknull. This phenotype is associated with a mild
insufficiency in urine concentration (which goes largely undetected in normal conditions), but may often be identified
by the presence of anti-Jk3 in the plasma of immunized individuals. The absence of the RBC urea transporter renders
Jk(a–b–) RBCs resistant to lysis by 2 M urea,2,3 which is
IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009

used as an efficient screening test in populations where the
Jk(a–b–) phenotype is more prevalent.4–8
The Jka and Jkb antigens depend on the amino acid
at position 280, aspartic acid for Jka and asparagine for
Jkb.9 The Jk(a–b–) phenotype derives from homozygosity
or compound heterozygosity for mutations in the JK gene
(SLC14A1; synonyms: UT-B1, HUT11, RACH1), so-called
JKnull or JK*0 alleles. A rare dominant Jk(a–b–) phenotype
named In(Jk) was reported in two Japanese individuals
identified by 2 M urea lysis screening,10 although the molecular basis has not been identified.
The JK locus comprises 11 exons carried on chromosome 18, and several different genetic alterations have been
described to cause the Jk(a–b–) phenotype. The two most
frequent JK*0 alleles are found in people of Polynesian
(IVS5–1g>a) and Finnish (871T>C) descent,11–13 in which
the incidence of the Jk(a–b–) phenotype was shown to be
0.27 percent and 0.03 percent, respectively.5,7 Other JK*0
alleles have been only sporadically detected in other populations.14–19 In this report, we have named silencing JK alleles generally as JK*0; however, when the JK*01 or JK*02
backbone is known, this is indicated as JK*01N or JK*02N
in line with current proposals under consideration by the
ISBT committee on terminology for RBC surface antigens
(http://ibgrl.blood.co.uk/). Although rare in the general
population, Jk(a–b–) individuals present a clinical challenge because anti-Jk3 may be produced in response to
transfusion and pregnancy, and Jk(a–b–) blood is not routinely available. Limited resources of anti-Jk3 make largescale phenotype screening programs for Jk(a–b–) blood
impractical.
Screening methods for blood group polymorphisms using genomic DNA are becoming widespread in many laboratories. In instances in which a rare null allele is found more
commonly in one population than in others, it is practical
and cost-efficient to test only for that mutation, and large
numbers of samples can be tested at a time. We sought to
investigate the usefulness of developing an allele-specific
primer PCR (PCR-ASP) screen for those JK*0 alleles that
had been found in two or more unrelated individuals as a
primary analysis for samples referred to the Nordic Reference Laboratory for Blood Group Genomic typing for identification or confirmation of their Jk(a–b–) phenotype. Our
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algorithm was such that samples in which a causative polymorphism was identified could be reported directly. Exclusion by the assay of these five mutations would prompt
DNA sequence analysis of exons 1 to 11 of the JK gene, a
much more time-consuming and labor-intensive undertaking.
Materials and Methods
JK*0 mutations that fulfilled our criteria for inclusion are listed as follows (shown in Fig. 1): deletion of
exon 4 and 5 (∆exons 4+5),14,15 IVS5–1g>a,11,12,17 582C>G,20
871T>C,12,13 and 956C>T.18 Allele-specific primers (Table 1)
were designed to detect both the normal and mutant alleles
according to the HUT11A sequence (GenBank accession
no. NM_015865) and were synthesized by DNA Technologies A/S (Aarhus, Denmark). A mismatch was introduced
in two primers to enhance allele specificity (underlined in
Table 1). We performed the new assay in parallel with our
routine in-house PCR-ASP for JK*01/JK*02.21

Table 1. Primers used in the JK*0 assay
A. Primers for detection of the mutations
PCR
target

Primer
name

Nucleotide sequence (5´→3´)

Amplicon size
(bp)

∆exons
4+5

JK-i3-F2

AGTCTTCTCAACTAGACTGAAC

252

JK-i5-R10

CCCTCCCTAAAGGAACTGGC

IVS5–1a
582G
871C
956T

166

CAAGTCATGGACATAGCACA

JK-582G-F

CTTTCAGCCACAGGACATTAGA

JK-i7-RI

GACCCTAATGCTCTGGAGTAG

JK-780-F3

CATGCTGCCATAGGATCATTGC

JK-871C-R

TTGCAATGCAGGCCAGAGG

JK-in9-F

ACAGAGCCCATGGAGCTCC

JK-956T-R2

CCGACTCCAAGATAGGCCA

149
274
332
211

PCR
target

Primer
name

Nucleotide sequence (5´→3´)*

Amplicon size
(bp)

Exon 4

JK-i3-F2

AGTCTTCTCAACTAGACTGAAC

534

JK-i4R

CCAAAGCTACTTCTCCTGTC

IVS5–1g

JK-i5-F1

TGTGTCTCTTGCCCCACAG

JK-470-R13

CAAGTCATGGACATAGCACA

Jk-582C-F

CTTTCAGCCACAGGACATTAC

JK-i7-RII

TTAGACCCTAATGCTCTGGAG

JK-780-F3

CATGCTGCCATAGGATCATTGC

JK-871TRmis2

ATTGCAATGCAGGCCATAGA

JK-in9-F

ACAGAGCCCATGGAGCTCC

JK-956CRmis

CCGACTCCAAGATAGGACG

871T

For the PCR reaction 100 ng of DNA was used in a total
volume of 10 μL, using 0.2 mM dNTPs, 0.25 pmol of each
primer, 0.25 pmol of control HGH primers, and 0.5 U of
AmpliTaq Gold (Perkin Elmer, Roche Molecular Systems,
Inc., Branchburg, NJ) in the buffer supplied. Amplification
was performed in the GeneAmp PCR system 2700 or 2720
(Perkin Elmer Cetus, Norwalk, CT) as follows: 7 minutes
at 97°C, then 35 cycles of 30 seconds at 94°C, 30 seconds
at 62°C, 40 seconds at 72°C, and a final elongation of 2
minutes at 72°C. PCR products were separated by electrophoresis for 25 minutes at 150 V using 3 percent agarose
gel (SeaKem. FMC BioProducts, Rockland, MA) containing
ethidium bromide (0.56 μg/mL).
Once optimized, PCR reagent mixes for each mutation and for the corresponding consensus nucleotide were
prepared to a final volume of 500 µL, and frozen at –20°C

CTGTGTCTCTTGCCCCACAA

B. Primers for the detection of consensus nucleotides

582C

Fig. 1 Cartoon of an RBC bearing the erythrocyte urea transporter
framed by the JK gene of 11 exons. The coding exons 4–11 are
shown in dark gray (white text), and the noncoding part, exons
1–3, are light gray (black text). JK*0 mutations, included in the
assay, are indicated on the gene as well as the polymorphism
encoding Jka and Jkb.

JK-i5-F2b
JK-470-R13

956C

148
271
333

211

*Mismatched nucleotides are underlined.
C. Control primers
Primer
name

Nucleotide sequence (5´→3´)

Amplicon size (bp)

HGH-F

TGCCTTCCCAACCATTCCCTTA

434

HGH-R

CCACTCACGGATTTCTGTTGTGTTTC

after quality control. Samples carrying the JK*0 mutations
and samples of normal Jk type were from our in-house DNA
collection.
Genomic DNA was prepared either by a salting-out
method modified from Miller et al. and diluted in sterile
water to 100 ng/μL,22 or by the Qiagen blood and body fluid
protocol (Qiagen Inc., Valencia, CA).
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The numbering of nucleotides in this paper starts with
the A of the initiation codon in exon 4 as nucleotide number
1. The same codon encodes methionine at position number 1.

homozygous for IVS5–1g>a (Fig. 3). The three individuals
typed JK*02 by the in-house PCR-ASP.21 The pedigree of
this unusual family could be constructed to explain the phenotypic and genetic results (Fig. 3).

Results
After optimization of each PCR-ASP to the conditions
listed above, the new screening tool readily detected both
mutation and consensus single-nucleotide polymorphisms
(SNPs) for each tested allele (Fig. 2), and homozygote and
heterozygote controls gave the expected results. Once the
assay had been established and the expected bands shown
to be robust and specific, DNA analysis of the individuals
included in the case report was performed.

Fig. 2 Representative PCRs showing the (A) specific JK*0 and (B)
consensus bands for the five selected mutations. The ΦX174 HaeIII
DNA ladder (Advanced Biotechnologies Ltd., UK) was used as a
size marker. P indicates a positive reaction and N a negative. In every
set a PCR reaction with H2O instead of DNA was run in parallel to
ensure that the PCR reagents were not contaminated.

Fig. 3 The family pedigree together with the results of the PCR-ASP
performed on samples from a Jk(a–b–) mother and her two Jk(a–b–)
sons. The ASP-PCR kit is arranged as follows: lane 1: exon 4/Δexon
4+5; lane 2: IVS5–1g/a; lane 3: 582C/G; lane 4: 871T/C; lane 5:
956C/T. Bands amplified by allele-specific primers corresponding
to IVS5–1g/a and 956C/ T are indicated by the arrows. An internal
control is run in parallel in all PCR reactions, and the ΦX174 HaeIII
DNA ladder (Advanced Biotechnologies Ltd., UK) was used as a
size marker. The pedigree shows the IVS5–1a allele in black and
the 956T allele in gray. White indicates that the allele is unknown.
Samples from the boys’ father were not tested (n.t.), but one allele is
presumed to carry the IVS5–1a mutation.

Case Report
Samples from a woman, originating from Guam, and
her two sons were received for serologic investigation. An
earlier investigation of the woman’s plasma performed by
the referring hospital demonstrated an anti-Jkb although
she had not been transfused. The sample at the time of
the current investigation demonstrated anti-Jk3. Her sons
were tested together with other family members to locate
potential compatible donors.
The RBCs from all three samples typed Jk(a–b–) by serology and showed no hemolysis by the urea hemolysis test.
Genomic DNA from these samples was tested by the HEA
BeadChip Kit (Immucor Inc., Norcross, GA), and all three
were identified as JK*02 homozygotes.
However, the screening assay results showed that the
mother and one of her sons carried two different mutations
and thus were compound heterozygotes for the IVS5–1g>a
mutation and 956C>T in exon 10. The other son was

Discussion
With the more widespread use of genotyping for predicting blood group phenotypes, null alleles must be taken
into consideration even if they are uncommon. Different approaches for DNA-based typing permit different levels of inclusiveness. In a more high-throughput automation setting,
in which space on a chip or bead is not overly restricted, all
known null mutations can be included. On the other hand,
in a manual setting, cost-effectiveness of any assay lies in the
relative frequency of a null mutation in a given population
or in the expected cohort of referred samples. Based on this,
the PCR-ASP described was designed to include JK*0 mutations that had occurred in two or more unrelated individuals
and to be used as a primary screening tool in the investigation of cases with a suspected Jk(a–b–) phenotype. Thus,
only samples that are unresolved by the screening assay will
be subjected to costly and labor-intensive DNA sequencing
analysis of all 11 exons in the JK gene.
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Because these samples are uncommon even in a major
reference laboratory, a simple one-mutation-in-one-PCRtube approach was chosen, and no attempt to multiplex the
assay was performed. In multiplex assays, competition for
DNA (often of varying or unknown quality when referred
from another laboratory) can lessen the robustness of the
individual allele-specific PCR reactions. We have tried this
approach previously but found that the reproducibility of
the assay was poor when performed infrequently.21 However, our current approach is balanced by the advantage
that novel SNPs of sufficient frequency are easily incorporated into the assay. As a matter of fact, the two CEmarked products approved for blood group diagnostic use
in Europe include either no JK*0 markers (BAGene, BAG
Health Care GmbH) or detection only of the Finnish and
Polynesian variants (BLOODChip+, Progenika Biopharma
SA). (The CE mark indicates that the product has met the
relevant quality requirements from the appropriate European directive.) A third commercial blood group genotyping product (BeadChip, Immucor, Inc.), not yet approved
for diagnostic use, also includes detection of JK*01/JK*02
only.
We were fortunate enough to be able to test the PCRASP assay by analyzing samples from an especially interesting family: a mother and two sons, all of whom
carried the Jk(a–b–) phenotype. Somewhat expected
from the ethnic background, we identified the Polynesian
SNP (IVS5–1g>a) on a JK*02-allele (JK*02N) in all three
individuals. One of the sons was homozygous for this SNP,
thus the father (not included in this investigation) must at
least be heterozygous. The IVS5–1g>a mutation has the
highest population frequency and has previously been described in the general overall Asian area in which Guam is
situated.19,23 The other allele, 956C>T, detected in samples
from the mother and the other son, was more surprising
because this SNP has been described previously in combination with a JK*02 allele in two samples only, which
originated from the Indian subcontinent.18 However, null
genes are underdiagnosed in general and especially so in
populations in which more sophisticated DNA techniques
are not in common practice. We anticipate from our studies and from screening studies being performed in other
laboratories (Connie Westhoff, personal communication)
that the latter mutation is more common than we first
thought. This highlights the importance of understanding
the genetic variation within a regional population under
study, and shows that it can be worthwhile to incorporate
null mutations into any strategy for genotype and phenotype testing.
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Cost-effectiveness of FDA variance for blood
collection from individuals with hereditary
hemochromatosis at a 398-bed hospitalbased donor center
D.M. Gribble, D.J. Chaffin, and B.J. Bryant
Hereditary hemochromatosis (HH) is treated by therapeutic phlebotomy to reduce excess body iron. This 398-bed, hospital-based donor
center wanted to determine whether there was a financial advantage
to requesting FDA approval to allow transfusion of blood components
from eligible individuals with HH. Donor center records from 2008
were reviewed to identify all therapeutic phlebotomy patients with a diagnosis of HH. HH patients were contacted and asked to complete the
AABB Uniform Donor History Questionnaire (UDHQ) to determine
their eligibility as potential allogeneic blood donors. Financial ramifications attributable to loss of revenue from the therapeutic phlebotomies
($100/collection) were compared with the potential gain in revenue
from collecting units for transfusion ($429/collection) in a 12-month
period. Nineteen HH patients were identified and screened for allogeneic eligibility. Seventeen patients (89%) met the eligibility criteria
for allogeneic donors, and two patients (11%) did not. Retrospective
review of donor records indicated that a total of 60 units were collected
from these HH patients from January 2008 through December 2008.
Fifty-five of the 60 units collected (92%) were eligible for allogeneic
use, potentially generating gross revenue of $23,595. After deducting
expenses for infectious disease testing and loss of revenue for the nonqualified therapeutic phlebotomies, the net revenue from the collection
of 55 RBC units that could have potentially been used for allogeneic
transfusion was $20,345. In contrast, the current revenue generated
by the collection of 60 therapeutic phlebotomies was only $6,000. In
2008, using eligible HH individuals as allogeneic blood donors would
have resulted in an increase in revenue of $14,345 for our blood center.
This study demonstrates that even at a medium-size, hospital-based
donor center, obtaining a variance from the FDA to establish an HH
blood donor program is a cost-effective endeavor, which does not compromise donor or patient safety.
Immunohematology 2009;25:170–173.

Key Words: hereditary hemochromatosis (HH), FDA variance, HH donor program

H

ereditary hemochromatosis (HH) is an autosomal
recessive genetic disorder of iron metabolism and
is one of the most commonly inherited disorders in
Caucasians of northern European descent. A single nucleotide mutation in the HFE gene resulting in a C282Y substitution is responsible for most of the classic cases of HH.
When hemochromatosis is present, iron absorption in the
gastrointestinal tract is increased and iron stores are gradually saturated over a prolonged period. There is progressive
deposition of excess iron in body tissues, which leads to toxic levels of iron and organ damage and can eventually lead
170

to death. Iron toxicity can affect most organs, but the liver,
pancreas, and heart are particularly affected. HH is treated
by phlebotomy, which reduces body iron by removing the
hemoglobin found in the RBCs. Regular phlebotomy therapy safely reduces the iron stores in most patients. Early initiation of therapeutic phlebotomy procedures before organ
damage has occurred may restore normal life expectancy
and improve symptoms.
On the basis of the currently understood molecular
mechanisms of the disease, there is no evidence HH can be
transmitted by means of blood transfusion. Additionally,
there is no evidence to suggest that blood donated from individuals with HH would carry any added risk for the transfusion recipient provided the donor meets all the current
standards for allogeneic blood donation. Blood from HH
patients has been used for transfusion in the United States
and other countries without reports of adverse effects in recipients.1,2
Currently, the US Food and Drug Administration (FDA)
does not prohibit the use of blood from therapeutic collections from otherwise eligible donors, but it requires that
blood intended for transfusion be labeled with the donor’s
disease (21 CFR 640.3(d)). The Code of Federal Regulations
requires that blood withdrawn to promote the health of a
donor shall not be used as a source of whole blood, unless
the container label conspicuously indicates the donor’s disease necessitating the withdrawal of blood. This labeling
requirement represents an almost insurmountable obstacle
to the use of the blood in clinical transfusion settings. In
addition, regulations state that a person may donate a unit
of blood more than once in 8 weeks only after a physical
examination and certification of health by a physician (21
CFR 640.3(f)). Labeling and regulatory requirements are
the primary reasons that blood from HH individuals is not
routinely collected for transfusion.
The FDA approved a final variance for collecting allogeneic blood from individuals with a diagnosis of HH in August 2001 that addresses the regulatory issues and labeling
requirements.3 In this variance, the FDA allows a blood collection facility to include an alternative procedure to 21 CFR
640.3(d) to distribute blood and blood components collected from individuals with diagnosed HH without indicating
the donor’s disorder on the container label as long as they
IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009
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met all other allogeneic criteria for blood donations. This
guidance document also addresses concerns that individuals with HH would have an incentive to seek blood donation as a cost-free alternative to their therapeutic (medical)
phlebotomy and possibly deny risk-associated behaviors
that might preclude cost-free donations.

scheduled therapeutic phlebotomy. Written informed consent for study participation was documented on the UDHQ.
The completed UDHQ was used to screen the HH individuals to determine their eligibility as allogeneic donors as part
of this study. They were categorized into two groups: (1)
individuals who qualified as allogeneic donors by meeting
all FDA and other standard eligibility criteria, and (2) individuals who did not qualify as allogeneic donors by current
eligibility criteria. The donor eligibility determined from the
UDHQ and frequencies of donation were recorded into an
Excel (Microsoft Corp., Redmond, WA) spreadsheet from
January 2008 through December 2008.

Material and Methods
This study was designed to evaluate the financial impact on our 398-bed hospital-based donor center of collecting blood for transfusion from HH patients who met the
eligibility requirements for allogeneic donations. Our donor
center has provided therapeutic phlebotomy services to the
community for more than 15 years and serves patients with
a broad range of diagnoses in the various stages of treatment. Monthly statistics from the donor center were used
to categorize all therapeutic collections into two groups:
(1) individuals with a diagnosis of HH, and (2) individuals
with all other diagnoses. This was necessary to determine
the number and percentage of HH therapeutic donations
annually.
Loss of revenue from providing free therapeutic
phlebotomy collections for individuals with HH ($100/
collection) was compared with the potential gain in revenue generated by collecting additional RBC units ($429/
collection) from eligible HH donors in a 12-month period.
Collection costs related to staffing were not considered relevant as it would cost the same to collect a unit that would be
further processed or discarded. It was also determined that
any cost increase related to supplies (collection bags) and
additional processing time would be offset by a decrease in
costs associated with biohazardous waste disposal. The two
factors that would affect the potential net revenue in collecting HH individuals as allogeneic donors were the additional expense of infectious disease testing and the expense
of providing therapeutic phlebotomies free of charge to all
HH patients regardless of their ability to meet eligibility criteria for allogeneic donations as required by the FDA variance guidance.
HH patients undergoing therapeutic phlebotomy treatments were contacted by telephone and asked whether they
would be willing to participate in the study. Those expressing interest in participating were asked to complete the
AABB “Uniform Donor History Questionnaire” (UDHQ)
V1.1 when they presented to the donor center for their next

Results
Records of all patients presenting to our facility for
therapeutic phlebotomies in 2008 were reviewed, and 41
percent (60 of 146) were from patients diagnosed with HH
(Table 1). Nineteen individuals were eligible for the study
based on documentation of their diagnosis of HH from
written requests to perform therapeutic phlebotomies by
physician prescriptions. All gave informed consent to participate in the study.
The nineteen HH patients were screened for allogeneic
eligibility using the AABB UDHQ V1.1. Seventeen patients
(89%) met the eligibility criteria for allogeneic donors as
defined by the UDHQ, and two patients (11%) did not. For
the purpose of this study, it was assumed that the 17 donors meeting eligibility requirements for allogeneic donation would have met the requirements for the preceding
12-month study timeframe. Retrospective review of donor
records indicated that a total of 60 units were collected
from HH patients from January 2008 through December
2008. The average collection was 5 units per month. As illustrated by the donation frequencies of the HH donors in
Table 2, donors were in the various stages of therapeutic
phlebotomy treatments (induction versus maintenance)
during this study. Fifty-five of the 60 units collected (92%)
were eligible for allogeneic use as defined by the UDHQ
and could be potentially introduced into the blood supply
(Table 2). The remaining 5 units (8%) were not eligible for
allogeneic use as defined by UDHQ donor criteria and were
discarded. Introduction of 55 RBC units into the blood bank
inventory would have potentially generated gross revenue
of $23,595.

Table 1. Therapeutic phlebotomy collections in 2008
Diagnoses

Jan

Feb

Mar

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

Total

HH

5

6

8

4

4

5

3

4

6

5

4

6

60

Non-HH

10

9

13

9

3

4

4

4

8

8

10

4

86

Total

15

15

21

13

7

9

7

8

14

13

14

10

146
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Table 2. Donor eligibility and donation frequency for hereditary hemochromatosis donors in 2008
Donor
No.

UDHQ Eligibility

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Total

1

Y

1

1

1

1

1

1

0

1

1

0

0

1

9

2

Y

1

0

0

0

1

0

0

0

1

0

0

0

3

3

Y

0

1

1

0

0

1

1

1

1

1

0

0

7

4

N

0

1

0

1

0

0

0

0

0

0

0

1

3

5

Y

1

1

0

0

1

0

0

1

0

1

1

0

6

6

Y

0

1

0

0

0

0

0

0

0

0

0

0

1

7

Y

0

1

0

0

0

0

0

0

0

0

0

0

1

8

Y

0

0

1

0

0

0

0

0

0

0

0

1

2

9

Y

0

0

1

0

0

0

1

0

0

1

0

0

3

10

Y

0

0

1

0

1

0

0

0

0

0

0

0

2

11

Y

0

0

1

0

0

0

0

0

0

0

0

0

1

12

Y

0

0

0

1

0

0

0

0

0

0

0

0

1

13

Y

0

0

0

0

0

1

0

0

0

0

0

0

1

14

Y

0

0

1

0

0

1

0

0

1

0

0

1

4

15

Y

1

0

1

1

0

1

1

0

1

0

0

1

7

16

Y

0

0

0

0

0

0

0

1

0

0

0

0

1

17

N

1

0

0

0

0

0

0

0

1

0

0

0

2

18

Y

0

0

0

0

0

0

0

0

0

2

3

1

6

19

Y

0

0

0

0

0

0

0

0

0

0

0

0

0

5

6

8

4

4

5

3

4

6

5

4

6

60

Total

Discussion
The collection and disposal costs associated with the 5 units that could not be used
for allogeneic transfusion would have totaled
$500. Infectious disease testing would have
been required on the remaining 55 units at
$50 per unit, for a total expense of $2,750.
Net revenue from the collection of an additional 55 RBC units that could have potentially been used for allogeneic transfusion was
$20,345. By comparison, the current revenue
generated by the collection of 60 therapeutic
phlebotomies was $6,000 (Fig. 1).
Conclusion
This study was conducted at a 398-bed
community hospital–based donor center
located in a predominantly Caucasian community (55% Caucasian, 35% Hispanic, 2%
African American) of approximately 100,000
residents. Although the number of HH individuals and the total number of units they
donated as part of this study was relatively
small, the potential to generate additional
revenue from the currently discarded collections was substantial. In 2008, using eligible
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Fig. 1 Potential and current net revenues from hereditary hemochromatosis
donors in 2008.
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HH individuals as allogeneic blood donors would have resulted in an increase in revenue of more than $14,345 for
our blood center. The data from this study demonstrate that
even at a medium-sized, hospital-based donor center, obtaining a variance from the FDA to collect and use blood
from HH donors is a cost-effective endeavor, which does
not compromise donor or patient safety.
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Characterization of three novel monoclonal
anti-Oka
M.H. Tian and G.R. Halverson
Anti-Oka was first described by Morel and Hamilton in 1979. The Oka
antigen has a very high incidence, and only eight probands that are
Ok(a–) have been found; all are of Japanese heritage. In this study,
we describe the generation and characterization of three novel monoclonal antibodies (Mabs), MIMA-25, MIMA-144, and MIMA-149. The
reactivity of these three Mabs was compared with the original human
polyclonal anti-Oka. Mice were immunized with transfected HEK cells
to induce an immune response, and the spleen B lymphocytes were
fused with mouse myeloma X63-Ag8.653 cells to form antibodysecreting hybridomas. The resulting Mabs were tested serologically, by
flow cytometry, and by immunoblotting. The specificity of each antibody was determined after excluding specificities to common antigens
in the Rh, Kell, Duffy, Kidd, MNS, Lewis, Lutheran, P1, Colton, Diego,
Xga, and Dombrock blood group systems. In each case only the Ok(a–)
RBC sample was nonreactive. The Mabs and the original human antiOka each have a unique pattern of reactivity when tested with enzymetreated cells; however, none were reactive by immunoblotting. We
have generated three novel anti-Oka Mabs: MIMA-144 is an indirectly
agglutinating IgG2b antibody, and MIMA-25 and MIMA-149 are directly agglutinating antibodies (IgM and IgA, respectively), underscoring their usefulness as typing reagents for the clinical laboratory.
Immunohematology 2009;25:174–178.

Key Words: anti-Oka, CD147, blood groups, hybridoma,
monoclonal antibodies, transfection, flow cytometry

C

ommercial reagents for antigen typing RBCs have
commonly been derived from polyclonal human
serum collected from hyperimmunized donors.
However, the direct immunization of human subjects is no
longer recommended by the FDA, thus the supply of human
polyclonal reagents is rapidly diminishing and becoming increasingly more expensive to maintain. Kohler and Milstein
first reported the successful development of a monoclonal
antibody–producing hybridoma cell line.1 Monoclonal antibodies (Mabs) are now commonly used as blood typing reagents, replacing the need for human polyclonal reagents.2
Although producing antibodies to carbohydrate antigens (ABO, Lewis) was relatively easy, developing Mabs to
other types of antigens has proven to be much more difficult.3–5 Furthermore, the early methods applied only to the
murine model. The production of Mabs for human antigens
requires a highly immunized donor, the viral transformation of human B lymphocytes, and a successful fusion with
a mouse myeloma cell line.6 Transformation was needed
to expand the number of human B lymphocytes for fusion,
and, fortunately, it was found to improve the susceptibility
of B lymphocytes for somatic cell hybridization by up to 25fold.7-8 Unfortunately, heterohybridoma cell lines have been
found to be highly unstable, and thus more likely to stop
174

secreting antibody after 6 to 12 months.9-10 As our work in
the production of Mabs to blood group antigens developed,
so too did the use of novel approaches to achieve an immune
response in the mouse that would lead to the development
of murine-based Mabs to human blood group antigens.11–13
The OK Blood Group System
The antibody Oka was named for the family name of the
proband (S.Ko.G) whose plasma reacted with all normal
RBCs.14 Born of consanguineous parents on a small island
off the coast of Onomichi, Honshu, Japan, the proband also
had two siblings who were Ok(a–). Anti-Oka reacted by the
antiglobulin test with blood samples from more than 4000
Japanese donors. Since its discovery there have been only
eight Ok(a–) probands identified, all in persons of Japanese
heritage.15 Of more than 12,000 blood donors of various
ethnic backgrounds tested in the United States, no other
Ok(a–) individuals have been found.
The Oka antigen is the only antigen in the OK blood
group system and was assigned the ISBT # 024001 after
it was located on CD147 glycoprotein and thereby was eligible for blood group system status. The OK glycoprotein
is a single-pass type I membrane glycoprotein with two Ig
superfamily (IgSF) domains and a short transmembrane
and cytoplasmic domain. Sequence analysis showed the Nterminal 30 amino acids are identical to the predicted sequence of the M6 leukocyte activation antigen, which is a
member of the IgSF. The OK gene consists of seven exons
distributed over 1.8 kbp of gDNA, and it was localized using
somatic cell genetics to chromosome 19, subregion 19p13.2pter.16 The rare Ok(a–) phenotype is the result of an amino
acid substitution in the Ok glycoprotein (Ok(a+) > Ok(a–);
E92K) encoded by exon 4 of OK.17
The Ok glycoprotein (CD147) is the most common protein found in the membranes of leukocytes having a role
in cell-cell interaction and in signal transduction, and it
is thought to act as a tumor growth factor stimulating the
production of collegenase and other cell invasion inducers.
This glycoprotein is almost ubiquitous in that it is found
on blood cells (RBCs, WBCs, and platelets) and in tissues
of the renal cortex, liver, pancreas, colon, cervix, testes,
smooth muscle, and brain.
The first monoclonal anti-Oka was produced by Andrews
et al. in 1983.18 in this paper we will describe the production
and characterization of three new murine antibodies to the
high-incidence Oka antigen. They were evaluated serologically
for specificity, titer and score, immunoglobulin isotype, and
reactivity pattern when tested with enzyme-treated RBCs.
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They were also tested by flow cytometry and by immunoblotting.

was then added to each well. The trays were again mixed,
allowed to settle, and observed for indirect agglutination.

Materials and Methods
Immunization Protocol
Two mice were immunized biweekly for 6 weeks with
2 million human embryonic kidney (HEK) cells that had
been transfected with human cDNA along with a CpG
adjuvant specific for murine Mab production.18 After the
immune response was verified by serum hemagglutination, the spleen was removed and splenocytes obtained by
pulverizing the spleen with sterile glass slides.

Hemagglutination in Tube and Gel Cards
Standard hemagglutination assays were done in test
tubes using one drop of a 3 percent RBC suspension in PBS
plus two drops of Mab. MIMA-25 was incubated at room
temperature for 30 minutes with Lo-Ion (Immucor/Gamma, Norcross, GA) added to enhance reactions, then spun
and read. MIMA-149 was incubated at room temperature
for 30 minutes, spun, and read. MIMA-144 was incubated
for 30 minutes at room temperature and tested by IAT using anti-mouse IgG (The Binding Site, San Diego, CA) that
had been diluted 1:50 in 6% bovine serum albumin (BSA) in
PBS.
For the IgG gel card (DiaMed ID-PNH, Cressier, Switzerland), 50 μL of a 1 percent suspension of Oka(+) RBCs
and 25 μL of the Mab were added to each column, incubated at 37°C for 15 minutes, and then centrifuged and read
for agglutination.

Cellular Fusions
Fusions between the splenocytes and the mouse myeloma cell line (X63-Ag8.653) were done using polyethylene glycol (PEG, mol. wt., 3450) in a ratio of 3:1 spleen
to myeloma cells, respectively. Fusions were performed by
drop-wise addition of 1.0 mL of PEG to the washed, dry
cells in a conical centrifuge tube with constant mixing for
60 seconds. This was followed immediately by submerging
the centrifuge tube into a 37°C water bath for 90 seconds
with constant mixing, after which a drop-wise addition of
1 mL of sterile phosphate buffered saline (PBS, pH 7.3,
Gibco, Grand Island, NY) without calcium and magnesium was added for 60 seconds. This step was repeated,
and then followed by the addition of 2 mL of PBS for 120
seconds. This was continued until the total volume was
approximately 15 mL. The now fused sample was rested
for 15 minutes in the 37°C CO2 incubator, and then gently
centrifuged. The PBS was removed and the cells were suspended in culture media (HAMS/DF-12; Sigma Chemicals,
St. Louis, MO) that had been supplemented with 10 percent fetal calf serum and hypoxanthine-adenine-thymidine
(HAT) media (Sigma). The fused cells were gently mixed,
then spread over 96-well flat-bottom culture trays at 100
μL per well. After 1 week, fresh culture media supplemented
with hypoxanthine-thymidine and gentamicin, but without
aminopterin (StemCell Technologies, Vancouver, BC), was
added as a selection media. After another week, the resulting hybrids were screened by hemagglutination in v-well
microtiter trays for antibody production.
Hemagglutination Assays of 96-Well V-Well Trays
The supernatant culture fluid was assayed for reactivity with selected RBCs by 96-well v-bottom microtiter trays
(Greiner Labs, Germany, www.GBO.com). For v-well assays, 50 μL of supernatant fluid (SNF) was removed from
each well of the fusion trays and placed in the corresponding well on the v-well assay tray. To this, 25 μL of a 1%
suspension of human Ok(a+) RBCs in PBS was added,
followed by mixing on a mechanical plate mixer (Labline
Instruments Inc., Melrose Park, IL). The reactions were allowed to settle for 30 minutes and then observed for direct
agglutination. The cells were washed in PBS, and 50 μL of
anti-mouse IgG diluted 1:100 in 6 percent BSA and PBS
IMMUNOHEMATOLOGY, Volume 25, Number 4, 2009

Cloning by Limiting Dilution
When a colony of hybrid cells is found to be producing
the antibody of interest, the hybrids are counted and diluted such that there will be a finite number of cells in a 20-mL
dilution. This dilution is done so that there will statistically
be a limited number of cells per well when they are pipetted
into 96-well flat-bottom cloning trays. Three clonings were
done to ensure that the final product is from a monoclonal
cell line. The initial cloning was done at 10, 5, and 2 cells per
well to promote the development of a stable hybridoma cell
line. The next two clonings were done at a dilution of 5, 2,
and 1 cell per well. The final antibody was selected from the
last set of cloning trays.
Enzyme Treatment of RBCs
Human RBCs that had been pretreated with a variety of
enzymes or reducing chemicals were tested by standard hemagglutination methods to determine whether the Oka antigen detected by the antibodies was resistant or sensitive to
the enzyme effect on the protein.19 This included treatment
with papain, trypsin, α1-chymotrypsin, pronase, neuraminidase, and 0.2 M dithiothrietol (DTT). The original human
anti-Oka was tested in parallel.
Flow Cytometric Analysis
A 1% RBC suspension of test RBCs was first incubated
with 500 μL of each Mab and incubated at 37°C for 30 minutes, and then washed with PBS. The antibody-sensitized
RBCs were then stained with fluoresceinisothiocyanate
(FITC)-tagged anti-mouse antiglobulin (IgG from Vector
Labs, Burlingame, CA; IgA and IgM from Southern Biotechnology Associates, Birmingham, AL) by incubating in
the dark at 4°C for a minimum of 15 minutes with frequent
mixing to ensure adequate staining. The analytes were
brought up to a final volume of 250 μL with PBS. Data were
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acquired on a FACSCaliber flow cytometer (BD Biosciences,
San Jose, CA) and analyzed with Cell Quest Pro software
(BD Biosciences).
Results
MIMA-25, MIMA-144, and MIMA-149 are specific for
the Oka antigen (Fig. 1).21 MIMA-144 is an indirectly agglutinating Mab, while MIMA-25 and MIMA-149 are directly
agglutinating Mabs. Their isotype, titer, score, and reactions
with enzyme and chemically pretreated Ok(a+) RBCs are
shown in Table 1. When tested in parallel with the original
human anti-Oka , they were found to have different reactivity patterns when tested with enzyme or chemically modified
RBCs. MIMA-25 was strongly reactive with Ok(a+) RBCs
that were treated with trypsin, pronase, and neuraminidase,
and weaker with papain, α1-chymotrypsin, and 0.2 M DTT.
MIMA-144 was weakly reactivity with Ok(a+) cells treated
with papain, trypsin, and α1-chymotrypsin. It was sensitive
to treatment with pronase and neuraminidase, but resistant
to treatment with 0.2M DTT. MIMA-149 was resistant to
treatment with trypsin and pronase and weakly reactive
with treatments of papain, α1-chymotrypsin, neuraminidase, and 0.2M DTT. The reactivity of the polyclonal antiOka with Ok(a+) RBCs was unaffected by treatment with
trypsin, α1-chymotrypsin, pronase, and 0.2M DTT, weakened when treated with papain, and sensitive to treatment
with neuraminidase.
By flow cytometry each antibody demonstrated a positive change in fluorescence when compared with the negative
control (Fig. 2). MIMA-149 demonstrated the best intensity and specificity, with a sharp, narrow peak suggesting
that its epitope is a short sequence of amino acids. MIMA144 showed a broader pattern of reactivity indicative of
an epitope of a wider amino acid sequence. MIMA-25 was

Ok(a+)

Ok(a–)

MIMA-25

Ok(a+)

Ok(a–)

MIMA-144

Ok(a+)

Ok(a–)

MIMA-149

Fig. 1 Gel card photo of Mab reactivity with Ok(a+) and Ok(a–)
RBCs.

much weaker, with only a slight right shift, probably due to
the isotype and low titer of this antibody. Flow cytometry of
the native HEK cells shows the presence of the Oka antigen
on untransfected cells, and the expression seems to be stronger than the expression on normal human RBCs (Fig. 3).
None of the Mabs were reactive by immunoblotting (results not shown).
Discussion
We had previously reported that the HEK cells, whether transfected with human cDNA or not, had a high enough
expression of CD147 to initiate an immune response, and
this is the reason why we were able to produce so many different Mabs to Oka. MIMA-25, -144, and -149 are new antiOka Mabs as demonstrated by their specific reaction with

Table 1. Isotype, titer (score), and effect of enzymes and chemicals on Ok(a+) RBCs
Antibody

Isotype

Titer
(score)

Papain

Trypsin

α1-Chymotrypsin

Pronase

Neuraminidase

0.2 M
Dithiothreitol

MIMA-25

IgM

8 (29)

Weak

Resistant

Weak

Resistant

Resistant

Weak

MIMA-144

IgG2b

128 (77)

Weak

Weak

Weak

Sensitive

Sensitive

Resistant

MIMA-149

IgA

32 (55)

Weak

Resistant

Weak

Resistant

Weak

Weak

Human antiOka

Not tested

Not tested

Weak

Resistant

Resistant

Resistant

Sensitive

Resistant
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Ok(a+) RBCs, and their nonreactivity with six different
Ok(a–) RBC samples (M. Uchikawa, personal communication). The reactivity pattern of each antibody is unique in
the way it is affected when RBCs are modified by 0.2M DTT
or various enzymes. All three antibodies react well in test
tubes and gel cards. With our flow cytometry data, it is not
surprising that MIMA-25 was much weaker, as it is an IgM
Mab requiring very careful dilution controls for demonstration of the reactivity by flow cytometry. Serologically this
antibody works best by hemagglutination in the presence of
Lo-Ion to enhance the reactions.
None of these Mabs were reactive by Western blotting,
suggesting that the epitope(s) they recognize may be conformation dependent.
Conclusions
The three Mabs are unique antibodies that will be useful for testing patients and screening blood donors to find
Ok(a–) blood. MIMA-144 is an indirect agglutinating antibody, and MIMA-25 and MIMA-149 are directly agglutinating antibodies, and as such, are ideal reagents for rapidly
typing RBCs.
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Oka is Expressed at High
Levels on 293T Cells

Fig. 2 Flow cytometry results with three Mabs against
Ok(a+) and Ok(a–) RBCs. On the x-axis is the fluorescent
intensity of the signal and on the y-axis is the number of cells
counted. The shaded gray area represents the FITC-positive
cell population. The unshaded graph represents the negative
control cell population.
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Oka Expression on RBCs

Fig. 3 Flow cytometry of transfected 293T cells and human Ok(a+) RBCs.
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The ARC Hemovigilance Program: advancing
the safety of blood donation and transfusion
A.F. Eder, B.A. Dy, J. Barton, J.M. Kennedy, and R.J. Benjamin

S

ince 2005, the American Red Cross (ARC) Hemovigilance Program has systematically evaluated adverse
reactions and complications after blood donation
and transfusion, which has led to improvements in safety
for both donors and patients. After establishing baseline estimates of the risk of transfusion reactions such as
transfusion-related acute lung injury (TRALI) and sepsis
from bacterially contaminated platelet components, the
program has demonstrated that the preventive measures
that were implemented to reduce their occurrence were
effective.1–4 Reports of transfusion-transmitted infections,
most commonly babesiosis linked to RBC components,
have identified the need for targeted interventions.5 The
program has also described the spectrum of adverse reactions experienced by healthy volunteers after whole blood
or apheresis donation, including systemic (e.g., vasovagal),
phlebotomy-related, and other complications.6,7 The information about donor reactions has led to several initiatives
to reduce the already low rates of complications among the
most susceptible groups and improve the donors’ experience.8,9 In this report, we present annual data on donation
and transfusion complications in the ARC in 2007 and discuss the strengths and limitations of our national hemovigilance program.
Overview: Complications of Blood Transfusion
To meet safety goals (Table 1), the ARC Hemovigilance
Program compiles and analyzes data from the 35 ARC regional blood centers across the United States and Puerto
Rico. The regional blood centers investigate complications
of transfusion reported by the hospitals and transfusion
services that may be related to the blood donor or to the
manufacture of the blood components.10 Common transfusion reactions, such as allergic and febrile nonhemolytic reactions, as well as acute or delayed hemolytic reactions, are
not usually reported, unless the blood centers also provide
transfusion services to hospitals or a donor- or productrelated issue is suspected to have caused the reaction. When
a complication of transfusion is confirmed to be fatal, the
facility that performed the compatibility testing must report the death to the U.S. Food and Drug Administration
(FDA).10 In these cases, the ARC Hemovigilance Program
also provides a voluntary, supplemental report to the FDA
with a medical assessment of the transfusion reaction along
with the results of our donor and manufacturing investigation. When any transfusion reaction is reported, the blood
centers take immediate action, if needed, to gain control and
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prevent transfusion of other components from the involved
or prior donations, to temporarily defer the individual from
donation, and to address any suspected problems with the
manufacturing process or procedures.
After completing the investigation, the ARC physician
evaluates all the information in the case and assigns a probability score on a 6-point scale, to classify the likelihood
that the transfusion caused the reaction (Table 2). All cases
are counted on a tally in the month that the investigation is
closed and reported to the ARC Hemovigilance Program.
The ARC Hemovigilance Program maintains a national
database of investigated transfusion reactions to monitor,
track, and analyze trends in donor and recipient complications at each region and across the system. The number of
transfusion reactions investigated by the 35 ARC regions in
calendar year 2007 is shown in Figure 1.
Table 1. ARC Hemovigilance Program goals
•

To improve safety for recipients of blood components

•

To minimize procedure risk for blood donors

•

To identify significant trends that emerge from analysis of reports of
uncommon events

•

To identify strategies to reduce the risk of complications in
susceptible patient and donor groups

•

To monitor the effectiveness of the interventions introduced to
improve safety

Table 2. Probability scores for transfusion reactions
P6 – The clinical information is consistent with a transfusion reaction,
and a transfusion source is confirmed or highly probable (e.g., a
donor or component was implicated).
P5 – The clinical information is supportive of a transfusion reaction, but a
transfusion source is not identified.
P4 – The clinical information suggests that a transfusion reaction is
posible or a transfusion reaction cannot be ruled out, but the case is
not typical and a transfusion source is not identified.
P3 – The clinical information suggests that a transfusion reaction is
possible but other etiologies are present and equally or more likely
the cause of the reaction.
P2 – The clinical information does not support the diagnosis of a
specified transfusion reaction.
P1 – There is insufficient information to investigate the case or case is
rescinded by the reporting institution.
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Fig. 1. The number of cases with complications after transfusions
reported to the ARC Hemovigilance Program in 2007 is shown for
all complication types. ALL = allergic; BAB = babesiosis; HBV =
hepatitis B; HCV = hepatitis C; HEM = hemolytic; ORX = other
transfusion reaction; OTI = other infection; SEP = septic; TRL =
transfusion-related acute lung injury. P1-P6, see probability scores,
Table 2.

In addition to the monthly tallies of transfusion reactions, the ARC regions convey complete information to the
ARC Hemovigilance Program on all suspected transfusionrelated fatalities and adverse reactions determined to have
a probable or confirmed transfusion source (i.e., cases assigned probability codes P5 or P6). These “high-probability”
cases are reviewed by the national medical director of the
ARC Hemovigilance Program and further characterized.
This evaluation affords the advantage of having one physician review all high-probability cases to confirm that appropriate actions were taken and to achieve consistency in
coding cases across the system. Moreover, the ARC Hemovigilance Program has developed more-specific case
definitions for certain transfusion complications (e.g.,
Babesia infection) in an effort to more accurately describe
the current transfusion risk, as described in greater detail
in the following sections. The number of high-probability
transfusion reactions reviewed by the ARC Hemovigilance
Program in 2007 are shown in Figure 2. Focusing on the
transfusion reactions most consistently reported to our
blood centers, the ARC Hemovigilance Program has conducted in-depth analysis that has advanced transfusion
safety for patients and identified the need for further interventions to improve clinical outcomes of transfusion.
Transfusion-Related Acute Lung Injury
Transfusion-related acute lung injury (TRALI) emerged
as a leading cause of morbidity and mortality associated
with blood component therapy, accounting for most of the
deaths reported to the FDA since 2004.11 The United Kingdom was the first to introduce precautionary measures, in
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Fig. 2. The number of cases with complications after transfusions in
2007 reviewed by the ARC Hemovigilance Program is shown for all
complication types, except hepatitis C (HCV). The number of cases
open in 2007 is shown for HCV, with the year of transfusion in each
case indicated on the graph. ALL = allergic; BAB = babesiosis;
HBV = hepatitis B; HEM = hemolytic; ORX = other transfusion
reaction; SEP = septic; TRL = transfusion-related acute lung injury.
P5-P6, see probability scores, Table 2.

2003, to reduce TRALI by the preferential use of plasma
from male donors. In the ensuing 5 years, their Serious
Hazards of Transfusion program (SHOT) registered fewer
TRALI cases and no fatalities associated with plasma transfusion.12 Although 2008 saw three cases of TRALI that implicated a female donor of fresh-frozen plasma, SHOT
reported no TRALI cases in 2005, 2006, or 2007.12
Similar to the United Kingdom’s experience, the ARC
Hemovigilance Program found that plasma components
were responsible for the majority (63%) of probable TRALI
fatalities and that a female antibody-positive donor was
identified in 75 percent of these cases.3 The number of reported TRALI cases increased each year between 2003 and
2006. In late 2006, the ARC began shifting plasma components collected from female donors to further pharmaceutical manufacturing so that the plasma distributed for
transfusion to patients was collected predominantly from
male donors. The proportion of plasma components collected from male donors progressively increased from 55
percent in 2006, to 78 percent in 2007, and to more than
95 percent in 2008. Concurrently, the number of probable
TRALI cases among reported fatalities that involved only
plasma transfusion was significantly decreased in 2008 (0
cases) compared with 2006 (6 cases) or 2007 (5 cases; p
< 0.05).4 Moreover, probable TRALI was more likely to be
associated with plasma than RBC transfusion in 2006 and
2007, but not in 2008.4
Both the ARC Hemovigilance Program and the United
Kingdom’s SHOT organization acknowledge the limitations
inherent to passive surveillance and retrospective review,
including incomplete hospital and regional blood center
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participation, and potential investigational, reporting, and
analytical bias. Regardless, the encouraging reports from
SHOT and the corroborative data from the ARC Hemovigilance Program suggest that limiting transfusion of leukocyte antibody–containing plasma components reduces
the morbidity and mortality associated with TRALI.
In formulating a rational, and incremental, approach to
TRALI prevention in the United States, blood centers are
currently planning measures to reduce the risk of TRALI
associated with apheresis platelet transfusion, while balancing the effect of any measures on availability of components for transfusions. Data on the effectiveness of these
precautionary measures are not yet available but are being
collected by the ARC Hemovigilance Program and other
centers as the measures are introduced.
Septic Transfusion Reactions
In response to a new AABB Standard in 2004, most
blood centers introduced methods to limit and detect bacteria in platelet components, which decreased but did
not eliminate the risk of sepsis after apheresis platelet
transfusion (Fig. 3).1,2,13 The ARC Hemovigilance Program
subsequently demonstrated incremental improvements in
limiting contamination and increasing the sensitivity of
bacterial testing to further reduce the risk of septic reactions to platelet transfusion. First, an association was observed between a method to collect apheresis platelets and
subsequent transfusion-related sepsis. The increased risk
with apheresis platelet donations from two-arm (doubleneedle) procedures compared with one-arm (single-needle)
procedures was both clinically apparent as reported septic transfusion reactions and detected by routine qualitycontrol bacterial culture of apheresis platelet donations.1
The data implicated skin bacteria in the vast majority of
clinical reactions and all reported fatalities. The most notable difference between the two procedure types was that
two-arm collection sets did not discard or divert the initial
10 to 20 mL of blood collected from the draw line into a
separate container or tubes during two-arm procedures,
unlike the one-arm procedures. The lack of this feature on
the collection set, commonly referred to as sample diversion, may have contributed to the higher amount of skin
flora contamination of platelet components collected with
the two-arm procedures.
To address this possibility, the ARC converted all
apheresis collection procedures to use inlet-line sample diversion in 2006. Concomitantly, the sample volume taken
for quality-control bacterial culture was increased from
4 mL to 8 mL from each apheresis platelet donation.2 This
change to double the sample volume was predicted to increase culture sensitivity by about 25 percent.13 The ARC
Hemovigilance Program reported the outcome after introducing the two operational changes and demonstrated that
each measure contributed to a substantial improvement in
safety for apheresis platelet transfusion.2 First, inlet-line
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Fig. 3. The rate of septic transfusion reactions (per million apheresis platelet components created) before and after introducing
routine quality control bacterial culture in Period 1 (39 percent of
collection procedures with sample diversion; 4-mL sample volume
cultured) and Period 2 (100 percent collection procedures with
sample diversion, 8-mL sample volume cultured).1,2,13 Reported
fatalities are shown in red. The rate of septic reactions significantly
decreased with time (Before Culture vs. Period 2, odds ratio, 0.33;
95 percent confidence interval, 014 to 0.76).

diversion decreased bacterial contamination during twoarm collections by more than 46 percent. Second, doubling
the sample volume was associated with a 54 percent relative
increase in culture sensitivity, which corresponded to the
predicted absolute increase of 25 percent.2,14 Similar benefit
of initial sample diversion was observed for whole-blood–
derived platelet pools when bacterial culture was introduced.15 Ongoing surveillance by the ARC Hemovigilance
Program and operational trials will continue to focus on the
residual risk of septic reactions to platelet transfusion, to
identify additional opportunities for improvement.
Infectious Complications of Transfusion
The ARC Hemovigilance Program also monitors all
suspected transfusion-related infections reported to the 35
ARC blood centers that are investigated by regional physicians. Not surprisingly, transfusion-transmitted infectious
diseases for which the blood supply is screened are rarely
identified through passive surveillance even though
hundreds of cases of suspected transfusion-transmitted
infections are considered each year. Since the introduction of infectious disease testing more than 20 years ago
and nucleic acid amplification testing (NAT) in 1999, the
risk of infection with human immunodeficiency virus (HIV)
or hepatitis C virus (HCV) through a blood transfusion has
been reduced to an estimated 1 in 2 million.16 FDA-mandated “lookback” procedures, which are initiated after a
returning donor has a confirmed-positive HIV test result,
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have identified only four reported breakthrough HIV cases
from three implicated donations (nonreactive by minipool
NAT) since 1999 in the United States.16,17 HCV lookback is
also required by the FDA; similarly, recipient-tracing is often performed for HBV and other infections, even though
not required by FDA, when a donor is subsequently found
to have confirmed positive test results. In addition, patients
suspected of contracting infection through transfusion are
reported and investigated by blood centers in an effort to
determine whether any of the involved donations, which
tested negative for all markers at the time of donation, were
from donors who subsequently had positive test results. The
ARC Hemovigilance Program has identified cases of transfusion-transmitted HCV and HIV; however, all transfusions
occurred before 1999, and the implicated donors had previously triggered lookback, although the notification at the
time had not identified the infected recipient. As expected,
the rarity of definite cases of transfusion-transmitted infections identified through passive surveillance supports the
known low risk of infection with viruses for which the blood
supply is screened.
More importantly, the ARC Hemovigilance Program
has delineated the risk of infections for which blood donors
are not tested.5 Babesia microti accounts for most of the
infections investigated by the ARC, with five to ten definite
or probable cases of transfusion transmission each year.
Because of the difficulty in assessing whether infection was
acquired through a blood transfusion or other means (e.g.,
tick exposure) in endemic areas, more specific definitions
than the standard six-point imputability scale were developed by the ARC Hemovigilance Program to further define
the likelihood of a transfusion source of infection (Table
3). The value in having detailed information on suspected
cases is that it allows further characterization, which is not
possible in other hemovigilance systems that do not capture
primary data about the event. Although passive surveillance
will not identify all cases, the scope of the problem defined
by the ARC Hemovigilance Program supports the need for
targeted interventions to reduce the risk of transfusiontransmitted Babesia infection.18
Donation-Related Complications
Although public attention, government regulation, and
the industry effort are traditionally focused on patient safety, blood centers also have an obligation to make blood donation as safe as possible for healthy volunteers. Each year,
the ARC evaluates about 7.8 million individuals who present to donate whole blood or apheresis components and
provides about 40 percent of the blood for transfusion in
the United States. The blood supply depends entirely on the
daily commitment of volunteers, who gain only intangible
personal benefit from blood donation but are exposed to
potential risk of discomfort or, in rare cases, injury resulting from the collection procedure. About 2 to 12 percent of
all presenting donors experience an adverse reaction that
is documented at the collection site, most being classified
182

Table 3. Transfusion-transmitted Babesia classification
Cases in which the patient had a proven B. microti infection after transfusion that was not related to known prior infection were classified as
•

“definite” if the patient was not a resident in a Babesia-endemic
state (CT, NJ, NY, MN, WI), had no known risk factors for Babesia
infection, was diagnosed with clinical disease within 3 months of
transfusion, and a donor was identified and tested positive for Babesia antibodies or had evidence of recent infection;

•

“probable” if the patient was a resident in a Babesia-endemic state
(CT, NJ, NY, MN, WI) or had another risk factor for Babesia infection
and a donor tested positive for Babesia antibodies or had evidence
of recent infection; or

•

“possible” if the donor was not tested but was a resident of an
endemic area or had a recent travel history to an endemic area.

as mild symptoms (e.g., lightheadedness, dizziness) that
resolve promptly but are still unpleasant for the donor.6,7
Serious injury is rare, but typically follows from a loss of
consciousness, either at the donation site or after leaving
the premises, or from nerve injury after the phlebotomy.6
All adverse reactions occurring at ARC collection sites
are managed by collection staff and documented on the
blood donation record according to the standard procedures. All donors are also instructed to contact the donor
center if they experience problems or have concerns about
their health after donation. Donor complications are classified according to the reaction type (systemic, phlebotomyrelated, other) and severity of the symptoms (minor, major;
Table 4). The reactions coded on the blood donation record
by collections staff are captured in a centralized database;
reactions that are called back to donor centers and cases
that received outside medical care are captured in a separate database. The ARC Hemovigilance Program compiles
and analyzes data on complications after whole blood donation that occurred at the collection site or that were reported to the blood center after the donor left the site and
on all cases involving donors who were referred for outside
medical care by staff or later reported that they sought or
received care from another health-care provider (Table 5).
Most syncopal-type reactions occurred at the collection site,
but many cases involving loss of consciousness (LOC), prolonged recovery, or syncope-related injury were recognized
or classified after the donation. About 15 percent of syncopal reactions result in injury (e.g., head trauma, lacerations,
contusions), with about a third of these incidents requiring
outside medical care (0.57 per 10,000 donations). Phlebotomy-related adverse events (e.g., large hematoma, suspected
nerve irritation) more often become apparent after the donor leaves the collection site. Taking these reactions into
account, the rate of suspected nerve irritation was 3.2 cases
per 10,000 donations; only 13 percent of donors with possible nerve irritation reported receiving outside medical care
(0.43 per 10,000 donations). The ARC Hemovigilance Program has evaluated the risks to certain groups of donors who
are more susceptible to reactions after donation (e.g., young,
first-time, female donors).8 Future study will analyze the risk
factors associated with delayed reactions and cases of outIMMUNOHEMATOLOGY, Volume 25, Number 4, 2009
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Table 4. Definitions of donor complications in the ARC
Systemic (syncopal-type):
Minor category

Table 5. Complications after whole blood donation, ARC
Hemovigilance Program
Complications after 12,033,323 whole blood donations

Major category

At collection site

All major
reactions
(subset, minor)*

Outside medical
care

Number

Number

Number

Rate†

Presyncopal (prefaint)
Pallor, weakness, light-headedness,
dizziness, diaphoresis, nausea/vomiting, no loss of consciousness

Complication type

Loss of consciousness (LOC),
short:
lasting less than 1 minute

Minor categories

Rate†

Rate†

Systemic (syncopal-type)
LOC, long:
lasting 1 minute or more or complicated by seizures or convulsions or
loss of bladder or bowel control
Prolonged recovery:
Presyncopal symptoms, loss of
consciousness or other reaction
that does not resolve within approximately 30 minutes
Injury
associated with symptoms of
prefaint or LOC (e.g., head injury,
fractures, abrasions, lacerations)
Phlebotomy-related:

Presyncopal
(prefaint)

324,129

269

(766)

(0.64)

69

0.06

LOC
(< 1 min)

11,081

9.21

(733)

(0.61)

107

0.09

Major categories
LOC
(≥ 1 min)

1,839

1.53

2,050

1.70

251

0.21

Prolonged
recovery

2,623

2.18

4,228

3.51

829

0.69

LOC with
injury

1,239

1.03

2,181

1.81

680

0.57

Subtotal‡

340,911

283

9,958

8.28

1,936

1.61

87

0.07

Phlebotomy-related

Minor category

Major category

Minor categories

Hematoma, small:
Involved area measures 2 × 2
inches or less

Hematoma, large:
Involved area measures more than
2 × 2 inches

Small
hematoma

Suspected nerve irritation:
Suggested by pain, tingling, numbness, or sharp shooting pains after
phlebotomy
Suspected arterial puncture:
Suggested by rapid (< 3 min)
bleed time, pulsatile flow, or bright
red blood
Other Reaction Types
Minor category

Major category

Citrate reactions*:
Perioral or peripheral tingling or
numbness that does not resolve
with reduced flow rate or oral calcium supplementation (e.g., Tums)
or when accompanied by additional
symptoms such as nausea, muscle
tightness, or cramping; other
symptoms

Citrate reactions*:
Symptoms of minor citrate plus
prolonged or exaggerated muscle
spasm (tetany), vomiting, chest
tightness

Allergic reaction, localized:
Itching, rash, or redness of skin;
hives

Allergic reaction, systemic:
Symptoms of minor allergic reactions, plus swelling of the face,
neck, or throat, wheezing, or respiratory difficulty

Other reaction:
Symptom profile different from established categories (e.g., anxiousness, hyperventilation, headache)

Other reaction:
Symptom profile different from
established categories (e.g., chest
pain, thrombophlebitis)

125,082

104

(2,625)

(2.18)

Major categories
Large
hematoma

792

0.66

4,932

4.09

556

0.46

Suspected
nerve
irritation

1,021

0.85

3,858

3.20

513

0.43

Suspected
arterial
puncture

1,302

1.08

1,644

1.37

112

0.09

Subtotal‡

128,197

107

13,059

10.9

1,268

1.05

Other Reaction Types
Minor categories
Allergic
(minor, local)

123

0.10

(166)

(0.14)

19

0.02

Other

458

0.38

(1,153)

(0.96)

141

0.12

Major categories

*Automated procedures only.
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Allergic
(systemic)

10

0.01

17

0.01

11

0.01

Other

252

0.21

1,208

1.00

352

0.29

Subtotal‡

843

0.70

2,544

2.11

523

0.43

Total (all
categories)

469,951

391

25,561

21.2

3,727

3.10

* This column includes all major events documented at the collection
site and reactions reported after donation, which are reviewed by an
ARC physician. The subset of minor reactions reviewed by an ARC physician, typically identified through callbacks, are included in parentheses.
† Rate per 10,000 donations (successful and unsuccessful [QNS] collections).
‡ Subtotals are of minor and major categories.
LOC = loss of consciousness.
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side medical care to identify or refine preventive strategies
for these more medically severe reactions or other symptoms
after donation that lead to additional medical attention.
Conclusions
The ARC Hemovigilance Program is one aspect of a
continuous improvement effort at the ARC to advance the
safety of blood donation and transfusion. Data from the
program have informed policy and have prompted changes
in procedures to reduce the risk to both transfused patients
and blood donors. The program’s strength lies in its ability to analyze uncommon or rare events and to recognize
trends that may be associated with certain donor selection
or blood component manufacturing practices. Another advantage offered by a blood center–driven hemovigilance
program is the ability to capture detailed information about
each reported transfusion event and every donation-related
complication, rather than summary information derived
from the final assignment of reaction codes or aggregate
data to estimate denominators. Challenges that the program faces are the inherent limitation of passive surveillance and the likelihood that hospitals do not report all
transfusion reactions to the blood center. Regardless, the
sample size is adequate to estimate the scope of TRALI,
septic transfusion reactions, and transfusion-transmitted
babesiosis. Finally, blood centers are typically focused on
issues related to blood component manufacturing and donor selection; consequently, their hemovigilance programs
are not designed to capture common, idiosyncratic transfusion reactions (e.g., allergic) or problems associated with
medical errors or near misses, such as ABO incompatible
transfusion, overtransfusion, or inappropriate transfusion practice. In this regard, the US Biovigilance Network,
a unique public-private collaboration between the federal
government (e.g., CDC, FDA) and organizations involved in
blood collection, transfusion, and tissue and organ transplantation (e.g., AABB) promises to address this need in a
national hemovigilance program for the United States.19 In
conclusion, blood centers have a dual responsibility to provide an adequate supply of blood components to the community and to protect the safety of volunteer donors. We
have made our data available to highlight our continued
focus on improving donor and patient safety.
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Announcements

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 2010 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://www.blood.co.uk/ibgrl/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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Monoclonal antibodies available at no charge
The New York Blood Center has developed a wide range of monoclonal antibodies (both murine and humanized) that are
useful for donor screening and for typing RBCs with a positive DAT. These include anti-A1, -M, -s, -U, -D, -Rh17, -K, -k,
-Kpa, -Jsb, -Fya, -Fy3, -Fy6, Wrb, -Xga, -CD99, -Dob, -H, -Ge2, -Ge3, -CD55 (both SCR2/3 and SCR4), -Oka, -I, and antiCD59. Most of the antibodies are murine IgG and require the use of anti-mouse IgG for detection (anti-K, -k, and -Kpa).
Some are directly agglutinating (anti-A1, -M, -Wrb and -Rh17) and a few have been humanized into the IgM isoform (antiJsb). The antibodies are available at no charge to anyone who requests them. Please visit our Web site for a complete list of
available monoclonal antibodies and the procedure for obtaining them.
For additional information, contact: Gregory Halverson, New York Blood Center, 310 East 67th Street, New York, NY
10021; e-mail: ghalverson@nybloodcenter.org; phone: (212) 570-3026; fax: (212) 737-4935; or visit the web site at www.
nybloodcenter.org >research >immunochemistry >current list of monoclonal antibodies available.
Specialist in Blood Bank (SBB) Program
The Department of Transfusion Medicine, National Institutes of Health, is accepting applications for its 1-year Specialist
in Blood Bank Technology Program. Students are federal employees who work 32 hours/week. This program introduces
students to all areas of transfusion medicine including reference serology, cell processing, HLA, and infectious disease
testing. Students also design and conduct a research project. NIH is an Equal Opportunity Organization. Application
deadline is December 31, 2010, for the July 2011 class. See www.cc.nih.gov/dtm > education for brochure and application.
For further information contact Karen M. Byrne at (301)451-8645 or KByrne@mail.cc.nih.gov.

National Platelet Serology Reference Laboratory
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
• Monoclonal immobilization of platelet antigens (MAIPA)
• Molecular analysis for HPA-1a/1b
For further information, contact

National Neutrophil Serology Reference
Laboratory
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:
Neutrophil Serology Laboratory (651) 291-6797
Randy Schuller(651) 291-6758
schullerr@usa.redcross.org

Platelet Serology Laboratory (215) 451-4205
Maryann Keashen-Schnell (215) 451-4041 office
mschnell@usa.redcross.org
Sandra Nance (215) 451-4362
snance@usa.redcross.org
American Red Cross Blood Services
Musser Blood Center
700 Spring Garden Street
Philadelphia, PA 19123-3594
CLIA licensed
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American Red Cross Blood Services
Neutrophil Serology Laboratory
100 South Robert Street
St. Paul, MN 55107

CLIA licensed
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Reference and Consultation Services
Antibody identification and problem resolution
HLA-A, B, C, and DR typing
HLA-disease association typing

IgA/Anti-IgA Testing
IgA and anti-IgA testing is available to do the
following:

Paternity testing/DNA

• Identify IgA-deficient patients
• Investigate anaphylactic reactions
• Confirm IgA-deficient donors

For information, contact

Our ELISA for IgA detects protein to 0.05 mg/dL.

Mehdizadeh Kashi at (503) 280-0210, or write to:
Pacific Northwest Regional Blood Services

For additional information contact Cindy Flickinger at
(215) 451-4909, or e-mail: flickingerc@usa.redcross.org,

ATTENTION: Tissue Typing Laboratory

or write to:

American Red Cross
3131 North Vancouver
Portland, OR 97227
CLIA licensed, ASHI accredited

American Red Cross Blood Services
Musser Blood Center
700 Spring Garden Street
Philadelphia, PA 19123-3594
ATTN: Cindy Flickinger

National Reference Laboratory
for Blood Group Serology
Immunohematology Reference Laboratory
AABB, ARC, New York State, and CLIA licensed
(215) 451-4901— 24-hr. phone number
(215) 451-2538— Fax
American Rare Donor Program
(215) 451-4900— 24-hr. phone number
(215) 451-2538— Fax
ardp@usa.redcross.org
Immunohematology

CLIA licensed

Donor IgA Screening
• Effective tool for screening large volumes of 		
donors
• Gel diffusion test that has a 15-year proven track 		
record:
Approximately 90 percent of all donors 		
identified as IgA deficient by are confirmed by
the more sensitive testing methods

Journal of Blood Group Serology and Education

For additional information, call Kathy Kaherl at:
(860)678-2764, e-mail: kaherlk@usa.redcross.org

(215) 451-4902— Phone, business hours
(215) 451-2538— Fax
immuno@usa.redcross.org

or write to:

Quality Control of Cryoprecipitated-AHF
(215) 451-4903— Phone, business hours
(215) 451-2538— Fax

Reference Laboratory
American Red CrossBiomedical Services
Connecticut Region
209 Farmington Ave.
Farmington, CT 06032

CLIA licensed
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Blood Group
Antigens &
Antibodies
A guide to clinical relevance
& technical tips
by Marion E. Reid & Christine Lomas-Francis
This compact “pocketbook” from the authors of the Blood
Group Antigen FactsBook is a must for anyone who is involved
in the laboratory or bedside care of patients with blood
group alloantibodies.
The book contains clinical and technical information about
the nearly 300 ISBT recognized blood group antigens and
their corresponding antibodies. The information is listed in
alphabetical order for ease of finding—even in the middle of
the night. Included in the book is information relating to:
• Clinical significance of antibodies in transfusion and HDN.
• Number of compatible donors that would be expected
to be found in testing 100 donors. Variations in different
ethnic groups are given.
• Characteristics of the antibodies and optimal technique(s)
for their detection.
• Technical tips to aid their identification.
• Whether the antibody has been found as an autoantibody.

Pocketbook Education Fund
The authors are using royalties generated from the sale of
this pocketbook for educational purposes to mentor people
in the joys of immunohematology as a career. They will
accomplish this in the following ways:
• Sponsor workshops, seminars, and lectures
• Sponsor students to attend a meeting
• Provide copies of the pocketbook
(See www.sbbpocketbook.com for details to apply for funds)

194

Ordering Information
The book, which costs $25, can be
ordered in two ways:
• Order online from the publisher
at: www.sbbpocketbook.com
• Order from the authors, who
will sign the book. Send a check,
made payable to “New York Blood
Center” and indicate “Pocket
book” on the memo line, to:
Marion Reid
Laboratory of Immunochemistry
New York Blood Center
310 East 67th Street
New York, NY 10065
Please include the recipient’s
complete mailing address.
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Becoming a Specialist in Blood Banking (SBB)
What is a certified Specialist in Blood Banking (SBB)?
• What is a certified Specialist in Blood Banking (SBB)?
• Someone with educational and work experience qualifications that successfully passes the American Society for Clinical Pathology (ASCP) board
of certification (BOC) examination for 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 nonconformances
• 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 Executives and Managers of Blood Centers
LIS Coordinators
Supervisors of Reference Laboratories
Research Scientists 		
Consumer Safety Officers
Quality Assurance Officers		
Technical Representatives Reference Lab Specialists
Why become an SBB?
Professional growth

Job placement		

Job satisfaction		

Educators

Career advancement

How does one become an SBB?
CAAHEP accredited SBB Technology program or grandfather the exam based on ASCP education and experience criteria.
Fact: In recent years, a greater percentage of individuals who graduate from CAAHEP-accredited programs pass the SBB exam compared to
individuals who grandfather the exam. The BEST route for obtaining a SBB certification is to attend a CAAHEP-accredited Specialist in Blood
Bank Technology Program.
Which approach are you more compatible with?
Contact the following programs for more information
Additional Information can be found by visiting the following Web sites: www.ascp.org, www.caahep.org and www.aabb.org
Program

Contact Name

Phone Contact

Email Contact

Website

On site
or On line
Program

Walter Reed Army Medical Center

William Turcan

202-782-6210

William.Turcan@NA.AMEDD.ARMY.
MIL

www.militaryblood.dod.mil

On site

American Red Cross, Southern California Region

Michael Coover

909-859-7496

CooverM@usa.redcross.org

none

On site

ARC-Central OH Region

Joanne Kosanke

614-253-2740 x 2270

kosankej@usa.redcross.org

none

On site

Blood Center of Southeastern Wisconsin

Lynne LeMense

414-937-6403

Lynne.Lemense@bcw.edu

www.bcw.edu

On site

Community Blood Center/CTS Dayton, Ohio

Nancy Lang

937-461-3293

nlang@cbccts.org

http://www.cbccts.org/education/
sbb.htm

On line

Gulf Coast School of Blood Bank Technology

Clare Wong

713-791-6201

cwong@giveblood.org

www.giveblood.org/education/
distance/htm

On line

Hoxworth Blood Center, Univ. of Cincinnati

Susan Wilkinson

513-558-1275

susan.wilkinson@uc.edu

www.hoxworth.org

On site

Indiana Blood Center

Jayanna Slayten

317-916-5186

jslayten@indianablood.org

www.indianablood.org

On line

Johns Hopkins Hospital

Jan Light

410-955-6580

jlight5@jhmi.edu

http://pathology2.jhu/
department/divisions/trnafusion/
sbb.cfm

On site

Medical Center of Louisiana

Karen Kirkley

504-903-3954

kkirkl@lsuhsc.edu

none

On site

NIH Clinical Center Dept.. of Transfusion Medicine

Karen Byrne

301-496-8335

Kbyrne@mail.cc.nih.gov

www.cc.nih.gov/dtm

On site

Rush University

Veronica Lewis

312-942-2402

Veronica_Lewis@rush.edu

www.rushu.rush.edu/health/dept.
html

On line

Transfusion Medicine Center at Florida Blood
Services

Marjorie Doty

727-568-5433 x 1514

mdoty@fbsblood.org

www.fbsblood.org

On line

Univ. of Texas Health Science Center at San Antonio

Linda Myers

210-731-5526

lmyers@bloodntissue.org

www.uthscsa.edu

On site

Univ. of Texas Medical Branch at Galveston

Janet Vincent

409-772-3055

jvincent@utmb.edu

www.utmb.edu/sbb

On line

Univ. of Texas SW Medical Center

Barbara LairdFryer

214-648-1785

barbara.fryer@UTSouthwestern.edu

http://telecampus.utsystem.edu

On line
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Instructions to the Authors
I. GENERAL INSTRUCTIONS
Before submitting a manuscript, consult current issues of
Immunohematology for style. Double-space throughout the manuscript.
Number the pages consecutively in the upper right-hand corner, 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.

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: � � � � � �.
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.
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
nontransfusion-based 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@usa.redcross.org
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