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Paul Duquette
O n O ur C ov er

Albert Pinkham Ryder’s The Flying Dutchman (1887) ranks among his handful
of masterpieces. The eponymous ghost ship from the familiar legend towers over
the hapless castaways in a moonlit sky that is as splendorous as it is menacing.
The phantom appears translucent and sparse nearly to the point of abstraction
in contrast to the realistic detail of the small boat and crashing waves in the
foreground. Ryder’s technique involved endless layering of paint and varnish to
create a shimmeringly thick moody texture. Well known for his eccentric habits,
Ryder obsessed over his paintings, often reworking them. Sadly, the materials
he used lacked durability, and cracking and darkening mar many of his pieces.
Nevertheless, his focus on the process of painting and his use of partly defined
and dream-like elements prefigure modernist ideas. Joyce et al. report on an
anti-Dia in a patient with thalassemia in this issue. Thalassa is the Greek word
for “sea.”
David Moolten, MD

Original Report

A field analysis trial comparing the turnaround
times of routine and STAT red blood cell
immunohematology testing
K. Sackett, A. Kjell, A.M. Schneider, and C.S. Cohn

The turnaround time (TAT) for pre-transfusion testing is
important for prompt clinical decision-making. TAT includes
the time between the arrival of the sample and the initiation of
testing, plus the processing time (PT) required to generate and
report a result. The TAT in larger blood banks is mostly dependent
upon the capability of the analyzer used. In smaller blood banks,
where manual work is often performed, the TAT is dependent
on availability and experience of staff, testing resources, and
workload. Our site performed a comparative analysis of the
ORTHO VISION® (Ortho Clinical Diagnostics, Raritan, NJ) and
the Echo® (Immucor, Norcross, GA) blood bank analyzers, using
the TAT and PT of standard blood bank tests as the outcome
metrics. Tests were run in various combinations to reflect the
standard workflow of a busy hospital transfusion service and
under routine and immediate or STAT conditions. We also
compared manual versus automated processing TATs for a variety
of pre-transfusion tests and antibody titers. We found that the
capacity of the VISION to load and run new samples, even while
several other tests were ongoing, allowed for faster overall TAT
when compared with samples run on the Echo. The PTs of the two
analyzers (from load to result) were also compared, and we found
them to be equivalent. These findings highlight the inherent flaw
in considering only PT when assessing a laboratory’s ability to
efficiently and consistently make results available to best meet
customer and patient needs. In addition, we observed a tighter
distribution of TATs and PTs when the VISION was compared
with the Echo analyzer, providing a higher level of predictability
for availability of results. Finally, when compared with manual
antibody titer testing, the VISION analyzer showed a faster PT.
Immunohematology 2017;33:1–5.

Key Words: immunohematology, red blood cell testing, RBC
testing, VISION, turnaround times
Short turnaround times (TATs) that do not compromise
the precision or accuracy of red blood cell (RBC) phenotyping
and antibody detection is of utmost importance in the practice
of blood banking. Serologic testing for antigens on RBCs
and screening for antibodies have transitioned from timeconsuming manual methods, beset with both inter- and intratester variabilities, to testing via automated analyzers that
show improvement on many parameters.
We define TAT as the time between sample arrival and
result availability, as it most accurately reflects the needs of
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

clinicians and patients. Additionally, we define processing
time (PT) as the time from when work is begun on a sample,
whether by manual testing or by loading it onto an analyzer, to
its result availability.
The main aim of this study was to compare the TATs of two
blood bank analyzers, the ORTHO VISION® (Ortho Clinical
Diagnostic, Raritan, NJ) and that of the Echo® (Immucor,
Norcross, GA), by using representative patient samples
normally seen in a busy, high-complexity hospital transfusion
service. To improve efficiency by decreasing reagent waste,
samples for the Echo were usually batched prior to running. In
contrast, no batching was used with the VISION, since it has a
“load as you go” feature, which allows the introduction of new
samples even while the analyzer is in mid-cycle with other
tests. Therefore, a secondary aim of this study was to decrease
reagent wastage while maintaining a quick TAT.
Materials and Methods
Between January 4 and January 12, 2016, the University
of Minnesota Medical Center blood bank laboratory ran type
and screens, antibody identifications, crossmatches, direct
antiglobulin tests (DATs [both polyspecific and monospecific
IgG]), and anti-A and anti-B titers on blood samples using
the Immucor Echo, the ORTHO VISION, and manually, for
a total of 437 individual tests. Samples were collected on two
randomly selected dates during 6-hour windows beginning at
0700 when operating room cases began, since this represented
the busiest times in the blood bank. All samples that arrived
during this 6-hour time frame were run on both analyzers,
per the manufacturers’ instructions. All samples were from
individual patients except for corresponding antibody workups
on those with positive antibody detection tests. Reagents
used on the VISION included 0.8 percent Surgiscreen (screen
cells 1,2,3), Affirmagen A1 and B Cells, MTS Diluent 2, MTS
Diluent 2 PLUS, 0.8 percent Resolve Panel A and Panel B, and
0.8 percent Affirmagen Cells (Ortho Clinical Diagnostics).
Reagents used on the Echo included Anti-A, Anti-B, Anti-D,
1
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and Monoclonal Control; A1 and B Cells; Ready ID; Extend
I and Extend II strips for panels; CMT strips for type and
screens; and DAT strips for autocontrols (Immucor).
For efficient use of reagents, it was standard practice for
the laboratory to collect a full batch of samples prior to loading
and running the Echo. The Echo can run a minimum of one
sample and maximum of 20 per batch. Because the VISION
has the capability to load and run samples as they arrive in
the lab, batching is not required to avoid reagent wastage,
and therefore was not used. The data for each method were
recorded and compared in three ways: (1) TAT using samples
tested with the VISION versus the Echo, (2) PT of the VISION
versus the Echo, and (3) PT of the VISION versus a manual
method.
The manual methods of ABO and D typing and DAT
(both monospecific IgG and polyspecific) were performed
by tube method. Manual indirect antibody detection testing
and anti-A and anti-B titer levels were performed by column
agglutination using ID-Micro Typing System (MTS) Gel
Test (Ortho Clinical Diagnostics). All manual methods were
performed in accordance with AABB standards. Tests were
completed under routine and immediate or STAT conditions
to include analysis of TATs that were representative of busy
and slow times in the laboratory. Software for the VISION was
updated during the testing period to improve the efficiency
and better allow for analysis of individual samples. Some of
the tests were run using both the original software and the
updated software, and these times were also compared.
Statistical analysis of the time to results (TAT) comparisons
for the VISION and Echo were performed using Minitab
17.1.0 (Minitab, State College, PA). The SDs about the mean
were made assuming a normal distribution. This study was
approved by the University of Minnesota institutional review
board.
Results
A total of three analyses were performed. The first analysis
compared the TATs of the VISION and Echo for routine type
and screens, crossmatches, and antibody identification. The
TAT was measured from the arrival time of the sample in the
laboratory to its result time. To enhance reagent use efficiency,
samples for the Echo were batched prior to testing; samples for
the VISION were run as they arrived in the blood bank. TATs
for a total of 23 type and screens were compared. The mean
TAT for the Echo was 1:12 (hours:minutes) versus 0:31 for the
VISION. The mean TAT for crossmatches (N = 4) was almost
identical (0:34 vs. 0:33 for the Echo and VISION, respectively).
2

Similar times were also obtained for antibody identification
testing (N = 3) (Table 1, Fig. 1). The range of these TATs (N =
29) showed a tighter distribution in the TAT of the VISION, as
demonstrated by an SD of 6.59 for the VISION, compared with
an SD of 18.89 for the Echo. The variation in TAT is largely
explained by the ability of the VISION to receive and process
test samples as they arrived without manual intervention.
By contrast, because of the desire to save resources, samples
were batched on the Echo, and the associated wait times had a
Table 1. A comparison of turnaround times based on arrival
pattern*
Test

TYSC (N = 22)

XM (N = 4)

Antibody ID (N = 3)

Analyzer

Echo

VISION

Echo

VISION

Echo

VISION

Mean

1:12

0:31

0:34

0:33

0:31

0:34

(range)

(0:29–
1:31)

(0:28–
0:39)

(0:34–
0:34)

(0:33–
0:33)

(0:29–
0:35)

(0:32–
0:39)

Median

0:50

0:29

0:34

0:33

0:31

0:33

*The sample turnaround time was measured from the time the sample
arrived in the laboratory to when it was resulted. Times are in hours:minutes.
TYSC = type and screen; XM = crossmatch; ID = identification.

Fig. 1 Turnaround time (hours:minutes) based on sample arrival
pattern for VISION versus Echo. A total of 23 type and screens, 4
crossmatches, and 3 antibody identifications were compared.

negative impact upon TAT.
A second analysis compared the PTs for the VISION
and Echo for routine and STAT type and screens, routine
crossmatches, and routine antibody identification using RBC
panels. The PT for this test cycle was defined as the time from
loading the sample to the result time. A total of five routine
type and screens were compared. The mean PT for the Echo
was 0:29 versus 0:31 for the VISION. The mean PT for STAT
crossmatches (N = 4) for the Echo was 0:34, and 0:29 for the
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017
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Table 2. A comparison of processing times based on load pattern*
Test
Analyzer
Mean

TYSC Routine (N = 5)
Echo

VISION

XM STAT (N = 4)
Echo

Antibody ID Routine (N = 3)

VISION

Echo

VISION

TYSC STAT (N = 18)
Echo

VISION

0:29

0:31

0:34

0:29

0:31

0:33

0:28

0:28

(range)

(0:26–0:35)

(0:28–0:37)

(0:34–0:34)

(0:29–0:29)

(0:29–0:35)

(0:32–0:34)

(0:25–0:35)

(0:27–0:30)

Median

0:29

0:31

0:34

0:29

0:31

0:33

0:27

0:29

*The sample processing time was measured from the time the sample was loaded onto the analyzer to when it was resulted. Times are in hours:minutes.
TYSC = type and screen; XM = crossmatch; ID = identification.

Table 3. A comparison of processing times for the VISION and
manual testing, including original and updated software on the
VISION, using various combinations of tests
Sample
type

Manual

Titer: anti-A
Titer: anti-B

R

4:09

0:32

0:30

0:32

TYSC
DAT-Poly
DAT-IgG

R

5:53

0:30

0:31

0:30

TYSC
Antibody ID × 2
DAT-Poly
XM

R

5:46

1:32

0:33

0:32

TYSC
Antibody ID × 1
DAT-Poly
XM × 3

S

6:11

1:57

0:58

0:43

TYSC
Antibody ID × 2
XM

R

2:15

1:51

0:42

0:41

Test (N = 1)

Fig. 2 Processing time (hours:minutes) of VISION versus Echo.
A total of 5 routine type and screens, 4 crossmatches, 3 antibody
identifications, and 18 STAT type and screens were compared.
TYSC = type and screen; XM = crossmatches, ID = identification.

VISION. The mean PT for routine antibody identifications
(N = 3) for the Echo was 0:31 and for the VISION was 0:33.
Eighteen STAT type and screens were run, and the mean PT
for both the Echo and the VISION was 0:28 (Table 2, Fig. 2).
The range of PTs for these tests (N = 30) was compared. The
SD for the Echo was 3.39, versus 2.09 for the VISION.
The third analysis compared the VISION PT to a manual
PT for routine and STAT type and screens, DAT (both
monospecific IgG and polyspecific), antibody identification
by indirect antiglobulin testing with RBC panels, routine
ABO typing, anti-A and anti-B titers, and crossmatches
(Table 3). These tests were run sequentially to replicate the
natural workflow of samples encountered in the blood bank.
For example, a positive type and screen would be followed
by RBC panels and crossmatches. This analysis recorded
the sequential PT, but also noted the time it would take if all
samples were run in parallel. As expected, the manual PTs
were longer than the VISION PTs. The PT for the VISION
to perform an anti-A and anti-B titer was 0:32 each for both
titers. This same test performed manually took 4:09. When a
type and screen was followed by two RBC panels (antibody
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

VISION
VISION
(sequential)* (parallel)†

VISION
(parallel)*

*Updated software version used.
†
Original software version used.
Times are in hours:minutes.
R = routine; S = STAT; TYSC = type and screen; DAT = direct antiglobulin
test; Poly = polyspecific; ID = identification; XM = crossmatch.

ID × 2), a DAT, and a crossmatch, the manual time was
5:46, whereas the VISION PT was 1:32. If these tests had
been run simultaneously, the VISION’s PT would have been
0:33. During this phase of testing, the VISION software was
updated; using the new software, all test combinations were
repeated, with greatly improved PTs seen for most tests. These
data are displayed in the final column of Table 3.
Discussion
Turnaround time is one of the most important metrics
used to measure a laboratory’s ability to efficiently meet the
needs of its customers and patients. The VISION’s ability
to simultaneously load and process different tests (even
while other samples are running), with minimal human
intervention, generated faster TATs for delivery of test results.
This capability gives the VISION a unique advantage over
3
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other analyzers that require human intervention to minimize
waste or otherwise compensate for what is required to make
the instrument run efficiently. Waiting while a full batch of
samples is assembled will usually delay the running of the first
tests that arrive, thereby increasing a sample’s overall TAT.
We compared the TAT of the VISION and Echo from
sample arrival in the lab to the time the test was completed
(Table 1, Fig. 1) and the PT of each from load time to test
completion (Table 2, Fig. 2). Because the VISION load and
arrival times were simultaneous, VISION had faster TATs
when compared with those of the Echo. When mean run times
were compared, the VISION and Echo were equivalent. The
range of PTs for the VISION was tighter (SD 2.09 vs. 3.39) than
that seen with the Echo, suggesting that the PT for the VISION
can be more precisely predicted and is more reproducible
when compared with the Echo. Additionally, batching tests
on the Echo may have artificially created a longer TAT, which
contributed to a wider range of TAT data (SD of VISION 6.59
vs. Echo 18.89). A statistical comparison of the two analyzers
was not feasible because of the small sample size of this study.
A final series of tests fully exploited the VISION’s capacity
to run different kinds of tests simultaneously. We ran type
and screens, crossmatches, DATs, and antibody panels. The
PTs were compared when these tests were run sequentially,
but the longest single test in the group was also noted as the
minimum run time for group testing. The VISION performed
each test faster than manual testing when run in parallel, or
when tested sequentially.
We could not compare the TAT or PT of the two analyzers
for antibody titer testing because the Echo does not include
this procedure in its test menu. As expected, the VISION
determined titers more rapidly than manual testing. Because
titers are often ordered in hospitals with obstetric and solidorgan transplant patient populations, the ability to automate
this labor-intensive test has improved the blood bank’s
workflow and efficiency. Although this study tested the
isohemagglutinin titer capacity of the VISION, it may also
be used to test for anti-D titers, which is often a critical part
of care for obstetric patients. The study also showed a vast
improvement in PT for combinations of common lab tests
(Table 3), which may help expedite TATs as well.
A comparison of analyzers should go beyond the metric of
overall TAT. Systems that use multi-sample cartridges either
suffer from prolonged TAT because of the batching of staggered
samples, or create the potential for wastage of cartridges and
reagents when only a partial batch is run. This situation was
readily seen during STAT testing with the Echo. When the
Echo was running routine tests and a STAT test arrived, the
4

STAT test would be loaded individually to generate a quick
result. Although this step kept the PT and TAT short, reagent
wastage occurred because the analyzer was using reagents
for the routine tests and the STAT tests separately. Using an
analyzer that is designed to run samples individually will
improve not only TAT but also decrease cartridge and reagent
waste.
Studies have shown that gel card testing, as used on the
VISION, has either superior sensitivity to manual testing1 or
is at least comparable.2 Our study showed that manual testing
(conventional tube testing) had inferior TATs compared with
an automated method. Because gel testing shows similar
sensitivities as conventional tube testing, these testing
parameters can be improved upon even further with superior
TATs, as shown with the VISION.
There were limitations to our study. Because of the small
number of samples that were run within each testing category,
statistics could not be applied. Also, not all tests were run
with the updated software; therefore, some VISION TATs are
reflective of the former software, whereas others are reflective
of the updated software. Although our study did not specifically
look at the consistency of results between each testing method
(Echo, VISION, and manual), all three methods have been
validated. The Echo was validated through conventional tube
testing, since the solid-phase testing had been taken offline.
Overall, our study showed that in a comparative analysis
of the Ortho Clinical Diagnostic VISION and the Immucor
Galileo Echo blood bank analyzers, the PT of these analyzers
was similar, although the “load on the fly” feature of the VISION
allowed for faster overall TAT and enhanced workflow within
the blood bank. A tighter distribution of TATs was observed
with the VISION when compared with the Echo, confirming
that the VISION’s TATs were more predictable than those of
the Echo. Finally, the addition of automated isohemagglutinin
and RBC alloantibody titers make this analyzer a welcome
addition for busy blood bank laboratories.
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Case R ep ort

Hemolytic transfusion reaction attributable to
anti-Dia
A.J. Joyce, K.M. Quantock, R. Banh, and Y.-W. Liew

In situations when a patient's antibody detection test is negative,
many institutions have moved from an indirect antiglobulin
test (IAT) crossmatch to an electronic crossmatch system. Here
we report a case of an acute hemolytic transfusion reaction
attributable to anti-Dia in a patient with a negative antibody
detection test. A 22-year-old female patient with a diagnosis
of β thalassemia and sickle cell anemia commenced a routine
exchange transfusion of 5 units of red blood cells (RBCs) in the
apheresis unit as part of her regular treatment. When the patient
started receiving the implicated unit, she reported back pain, chest
pain, and a feeling of anxiety, suggestive of an acute transfusion
reaction. The transfusion was ceased and an investigation of
an adverse event was commenced. This case illustrates that
the presence of antibodies to low-prevalence antigens remains
a significant issue for transfusion-dependent individuals. To
prevent other transfusion reactions by anti-Dia, the addition of
Di(a+) cells to the reagent RBCs used for the antibody detection
test along with IAT-crossmatching of donor units for all patients
with sickle cell disease is recommended. Immunohematology
2017;33:6–8.

Key Words: anti-Dia, low prevalence, transfusion reaction
The Diego blood group was first discovered in 1955 and
was named after the patient who had developed an antibody
and delivered a baby diagnosed with hemolytic disease of
the fetus and newborn (HDFN).1 The implicated antibody
was designated as anti-Dia. In 1967, a second Diego antigen,
Dib, was reported.2 Since then, 22 Diego antigens have been
described, but it is the presence or absence of Dia and Dib that
determines a person’s Diego blood type.3 Dia, Dib, and Wra
are the most significant antigens of this blood group system.4
The Diego protein, also known as the SLC4A1 protein, is a
transmembrane, multi-pass protein that assists in maintaining
the integrity of the red blood cell (RBC) membrane. SLC4A1 is
also found in renal tubule cells.3

RBCs that were phenotype-matched for the common RBC
antigens, c, C, e, E, K, Fya, Fyb, Jka, Jkb, M, N, S, and s, over a
period of 17 years. The patient’s antibody detection test was
and had always been negative, when performed using column
agglutination technology (CAT) (Ortho BioVue, Anti-IgG,
-C3d cassette, Ortho Clinical Diagnostics, Buckinghamshire,
UK) with Abtectcell 0.8 percent cells (bioCSL, Melbourne,
Australia). Because the antibody detection test was negative,
the RBCs were crossmatched using an electronic crossmatch
prior to release for transfusion.
Following the commencement of the exchange procedure,
as the patient started receiving the first unit of blood, she
reported back pain, chest pain, and a feeling of anxiety. The
patient’s blood pressure rose from 95/57 mmHg prior to the
reaction to 135/105 mmHg, and her pulse rose from 76 bpm
to 110 bpm. The transfusion was ceased after only 30–40 mL
of RBCs from the implicated unit had been infused.
The patient was admitted to the intensive care unit and
commenced on intravenous fluid, antibiotics, and paracetamol
for pain, and she was placed on supplemental oxygen support.
The patient was able to leave the intensive care unit after a
few days, her hemolysis resolved, and she recommenced her
exchange transfusion protocol within a few weeks. The patient’s
pre-transfusion hemoglobin (Hb) was 8.7 g/dL (normal range
11.5–16.5 g/dL), and the lowest Hb post-transfusion was 7.6
g/dL. Pre-transfusion lactate dehydrogenase was 364 U/L
rising to 608 U/L (normal range 120–250 U/L). The posttransfusion haptoglobin was decreased at 0.06 g/L (normal
range 0.25–1.8 g/L). There was no evidence of Hb in the urine.
Blood cultures on patient sample and blood pack showed no
growth.
Results

Case Report
A 22-year-old female patient with a diagnosis of β
thalassemia and sickle cell anemia was due to receive an
exchange transfusion of 5 units of RBCs in the apheresis unit.
Her blood type is group O, D+. The individual was a longterm patient at our institution and had received 321 units of
6

The recipient’s post-transfusion direct antiglobulin test
(DAT) was negative, as was the pre-transfusion DAT, by both
CAT (BioVue Anti-IgG,-C3d, Ortho Clinical Diagnostics) and
tube Anti-IgG,-C3d (bioCSL). The antibody detection test was
negative on both the pre-transfusion and post-transfusion
samples using Abtectcell III 0.8 percent Screening Cells
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HTR attributed to anti-Dia

(bioCSL) with BioVue Anti-IgG,-C3d CAT (Ortho Clinical
Diagnostics).
Compatibility testing by a tube IAT revealed that the
implicated unit (i.e., the first unit of RBCs) was incompatible
with a score of 2 (scale 0–4) using a polyethylene glycol–
enhanced tube test (RAMPEG, bioCSL) and Anti-IgG-C3d
(bioCSL). A pre-transfusion sample, a post-transfusion
sample, and RBCs from the implicated unit were sent to
the Australian Red Cross Blood Service Red Cell Reference
Laboratory for confirmatory testing.
The reference laboratory detected an antibody to a lowprevalence antigen, anti-Dia, in both the pre- and posttransfusion samples, and the implicated unit was typed as
Di(a+). There was a very weak reaction with the autologous
cells in the IAT in the patient’s post-transfusion sample (weakpositive DAT). An eluate prepared from the autologous cells
contained anti-Dia reactive in the IAT. The pre-transfusion
sample contained anti-Dia reactive in the IAT and enzyme
IAT. The reference laboratory confirmed the incompatibility
between the recipient’s pre- and post-transfusion samples and
the donor’s RBCs. No other antibodies were detected in the
saline, IAT, or enzyme IAT.
Discussion
This case shows an example of an antibody to a lowprevalence antigen, anti-Dia, that was not detected using
routine antibody screening methods but became evident
following a severe immediate hemolytic transfusion reaction.
There are a few reports of this antibody causing delayed
hemolytic transfusion reactions (HTRs),5–7 including one
report from Australia8 where immediate HTRs are rare.
This patient had been transfusion dependent, because
of thalassemia/sickle cell disease, for most of her life, having
received over 320 units of phenotype-matched RBCs. The
patient had never developed an atypical RBC antibody, allowing
electronic crossmatching to be used for selection of RBC
units. Dia is characteristically a low-prevalence antigen in the
Australian donor population; however, the patient must have
been transfused with a Di(a+) unit at some point previously
and developed an antibody that remained undetected using
the routine antibody screening RBCs.
The nature of the hemolysis suggested an acute HTR
and possibly hyperhemolysis, a condition often reported in
patients with sickle cell disease following RBC transfusion
where the hemolysis may extend to the patient’s existing
RBCs. In this case, although only 30–40 mL of incompatible
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RBCs were transfused, the laboratory findings suggested
hemolysis of more than just the incompatible, transfused
RBCs. Hyperhemolytic reactions can occur up to 7 days posttransfusion, and often RBC antibodies cannot be detected
when antibodies to low-prevalence antigens are a possible
cause.9 The treatment of hyperhemolysis syndrome (HS)
can be difficult and may include ceasing RBC transfusions
altogether; however, for those patients who are transfusiondependent, exchange transfusion along with supportive care
to prevent further crises may be required.10 Treatment of HS is
similar to that used for patients experiencing a delayed HTR.9
Dia is found mainly in populations of Mongolian descent.
It is also found in 36 percent of South American Indians, 12
percent of Japanese individuals, and 12 percent of Chinese
individuals, whereas it is rare in white and black individuals
(0.01%).4 The prevalence of the antigen in other populations
varies, although one study found 2.6 percent of donors to be
Di(a+) and, when previously transfused patients were tested
for the presence of anti-Dia, 1.3 percent of the patients with
negative antibody screens were found to react with Di(a+)
cells.11 Dib is found universally in most populations.12
Anti-Dia has been implicated in causing HDFN, as in the
original case.1 Four cases of HDFN caused by anti-Dia, have
been reported;12 however, there are few cases of immediate
HTR involving anti-Dia. A recent Australian case of a patient
experiencing an immediate HTR following a RBC transfusion
for anemia illustrates the possibility that antibodies to lowprevalence antigens, such as Dia, may have become more
common.8
The changing nature of the Australian donor profile, with
increasing numbers of donors of Asian descent, suggests that
antibodies to Dia may become more common, and screening cell
manufacturers should look to expand the profile of the antigens
used on reagent screening RBCs to include low-prevalence
antigens. Testing laboratories need to be aware of the possible
development of antibodies to low-prevalence antigens at any
time following RBC transfusion. Since this incident, in our
institution, all patients with sickle cell disease requiring blood
transfusion have their donor blood crossmatched against their
plasma using an IAT, to ensure compatibility against lowprevalence antigens before the blood is issued.
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Modeling alloantibody formation to highincidence red blood cell antigens in immune
responders using genotypic data
P.A.R. Brunker, K. Ravindran, and R.S. Shirey

Alloimmunization to red blood cell antigens is unpredictable
and poorly understood. Patients who are negative for highincidence antigens (HIAs) are at risk for developing the
corresponding antibodies. Molecular methods can easily predict
the lack of an antigen and thus, the risk of an individual to become
immunized. We examined the prevalence and risk factors for
HIA alloimmunization in patients at risk based on genotyping
results. Genotyping using a molecular method (HEA BeadChip™,
Immucor, Warren, NJ) was performed on all patient specimens
referred for molecular testing over 45 months; serologic and
clinical data were analyzed. We used simple and multiple logistic
regression to model the risk factors for alloimmunization to an
HIA. Of the 2591 patients genotyped, 32 (1.2%) were homozygous
for at least one variant predicting absence of an HIA. Of these
32 patients, prior transfusion or pregnancy history was available
for 29 (91%). Four susceptible patients made an antibody to an
HIA (12.5% of all, 13.8% of those with a documented exposure).
Two of these four patients (50%) had made an alloantibody to
another antigen. The odds of forming an antibody to an HIA were
not related to the total number of transfusions (p = 0.47), the
total number of alloantibodies (p = 0.61), or diagnosis of sickle
cell disease (p = 0.77) in simple logistic regression. Adjustment
for the other two variables in a multiple logistic regression
was also not significant for each variable (p = 0.6, p = 0.7, and
p = 0.7, respectively). Although they had a known exposure to
alloantigens through transfusion or pregnancy, 86.2 percent of
patients (25 of 29) at risk for alloantibody formation to an HIA in
fact did not mount an immune response to that antigen. Possible
risk factors including the number of transfused units or the total
number of alloantibodies made were not predictors of making
an alloantibody to an HIA in our sampling. Our results suggest
that other patient-specific risk factors for alloimmunization exist.
Immunohematology 2017;33:9–14.

Key Words: alloimmunization, high-incidence antigen,
genotyping, molecular
Before the use of molecular technology, the detection of
patients who are negative for high-incidence antigens (HIAs)
remained largely impractical until these patients developed an
antibody with HIA specificity. The development of multiplexed
molecular platforms has uncovered a hidden population of
patients at risk for alloimmunization against HIAs before
any such antibodies are formed or detected.1 By definition,
high-incidence blood group antigens occur in greater than
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99.9 percent of all individuals.2 The rare individuals who
lack these HIAs are at risk for alloimmunization. Serologic
detection of “HIA-negative” donors or patients (expected, by
definition, to constitute 0.1% of the general population) is not
a routine practice due in part to scarce reagents and resources.
Obtaining rare donor red blood cell (RBC) units for supportive
therapy for patients with an antibody to an HIA can cause
serious transfusion delays because of the rarity of suitable
donors, making transfusion management for these patients an
ongoing challenge.3,4 If alloimmunization to an HIA does occur,
a rare unit request to the local blood supplier and possibly to
the American Rare Donor Program (ARDP) may be required.
Although programs such as the ARDP have reported to fill 92
percent of requests for an HIA-negative component,3 the need
to request it from such a specialized agency rather than fill the
request from units in available hospital inventory necessarily
delays transfusion.
Beyond a delay in transfusion, the clinical relevance of
alloimmunization to HIAs differs according to the specific
antigen. Many alloantibodies to HIAs can cause serious
clinical complications such as hemolytic disease of the fetus
and newborn and transfusion reactions, as has been reported
with antigens included on multiplexed molecular platforms
such as k, Kpb, Jsb, U, Lub, Dib, Coa, Joa, Hy, and Lwa.5 Although
some in vitro methods have been developed to attempt to
predict the clinical significance of a particular alloantibody in
vivo (such as the monocyte monolayer assay), it is difficult to
reliably predict the clinical importance of a given alloantibody
in a given patient.6 Consequently, avoidance of alloantigens in
transfused components has been the mainstay for improving
transfusion safety in alloimmunized patients. In the responder/
non-responder model of alloimmunization,7 individuals who
have made an alloantibody to an HIA have demonstrated
that they are an alloimmune “responder” and thus may be at
higher risk of forming antibodies to the other common RBC
antigens for which they are antigen-negative. Our institutional
policy is to phenotype-match all alloimmunized patients for
a full panel of clinically significant antigens for prophylaxis
9
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in addition to their specific antigen-negative requirements;
thus, the formation of an antibody to a single HIA renders
the rare blood request for that patient even narrower because
of the requirement for extended matching to the full panel of
antigens.8
Alloimmunization to RBC antigens is a complex process
that is incompletely understood.9 Many factors have been
suggested that may influence alloimmunization risk, including
genetic predisposition,7 mismatch between donor and recipient
ethnicity,10–12 class of antigen,13 transfusion intensity,14,15 clinical
immune modulation,16 and intervals between transfusions.12
Despite conflicting data on risk factors for alloimmunization,
the current paradigm requires, at minimum, that a recipient
must be antigen-negative and exposed to an alloantigen for
immunization to occur. The probability of exposure to HIApositive RBCs when transfusing units found in a typical
hospital inventory is very high. We exploited this previously
hidden HIA-negative transfused patient population to study
risk factors for alloimmunization in general, since these
patients met the minimum criterion of being antigen-negative,
but were likely to have been transfused with antigen-positive
blood.
We selected a panel of HIAs that were available on
our genotyping platform to model the risk factors for
alloimmunization in transfused patients who are negative for
at least one HIA and therefore at risk for alloimmunization
to that HIA. We examined the clinical and serological data
of patients who are negative for HIAs and used simple and
multiple logistic regression modeling techniques to estimate
the risk of alloimmunization based on diagnosis, number of
transfusions, and total number of detected alloantibodies.
Materials and Methods
Study Population
EDTA-preserved blood samples were obtained from July
2009 to March 2013 from 2591 patients who had samples
referred for molecular testing at our transfusion medicine
reference laboratory. Referral criteria according to institutional
standard operating procedures were specimens submitted to
the transfusion medicine laboratory that demonstrated any
alloantibody (including those of inconclusive specificity) or
warm- or cold-reactive autoantibody on immunohematology
screening, selected specimens submitted for a suspected
delayed serologic or hemolytic transfusion reaction, or
specimens from all patients with a diagnosis of sickle cell
disease (SCD) or from potential bone marrow transplant
donors for a patient with SCD. We have identified patients who
10

were negative for the following HIAs: k, Kpb, Jsb, U, Lub, Dib,
Coa, Joa, Hy, LWa, or Sc1.
Genotyping and Phenotyping
An automated DNA extractor (QIAcube, QIAGEN,
Inc., Germantown, MD) was used to extract the DNA,
and genotyping was performed to predict RBC antigens
using a molecular method (HEA BeadChip™, BioArray
Solutions, Immucor, Warren, NJ) according to manufacturer
instructions. Alloimmunization status was performed using a
two-cell antibody screen by a solid-phase method (Capture-R
Ready Screen 2, Immucor, Norcross, GA) on an automated
analyzer (Galileo, Immucor) at the time of sample processing,
according to institutional standard operating procedures.
Patients were categorized as alloantigen responders if they had
ever demonstrated an antibody to any RBC antigen.
Data Extraction
Using a search engine–created database (Phetch,
Immucor), we retrospectively chose patients who were
negative for an HIA from July 2009 to March 2013. Additional
clinical information including transfusion history (continuous
variable measured as number of RBC units transfused),
alloimmunization status (continuous variable measured as
number of alloantibodies), and patient diagnosis (dichotomous
variable measured as SCD vs. other diagnosis) were obtained
using the internal computerized medical record, and
specimens were anonymized for analysis. The outcome was
alloimmunization to an HIA (measured as a dichotomous
variable).
Statistical Analysis
We performed a retrospective cohort study and used
simple and multiple logistic regression and exact methods
(STATA, Statacorp, College Station, TX) to model the risk
factors for the outcome of HIA alloimmunization status
(dichotomously as responder vs. non-responder) in this
susceptible and highly transfused group. Logistic regression
modeling, which is a common method in risk factor analysis
and is particularly useful in genetic epidemiology, was used
because we were evaluating a dichotomous outcome (responder
vs. non-responder) and considering explanatory variables that
were both continuous and categorical. The multiple logistic
regression model included diagnosis, number of transfusions,
and total number of alloantibodies as covariates (which allow
adjustment for variables included in the model), and the
simple logistic regression evaluated each of these variables
individually.
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Results

Table 2. HIA-negative patients with and without HIA alloantibodies

A total of 2591 patients were genotyped (Table 1). Only
32 (1.2%) of these patients were predicted to be antigennegative for one HIA because of homozygosity for a lowfrequency variant, consistent with the definition of an HIA.
Transfusion and pregnancy history was obtained for 29 of
the 32 (91%) patients. These data were abstracted from the
patients’ medical records at our institution, so data may be
limited for any patients who received care at other institutions.
Eight (25%) patients were negative for more than one HIA, six
were negative for both Hy and Joa in the Dombrock system,
and two were negative for both Joa and U in the Dombrock
and MNS systems, respectively (Table 2). Four patients made
an antibody to an HIA (12.5% of all 32 patients; 13.8% of
patients with a documented exposure). Therefore, 25 (86.2%)
of the 29 patients who were at risk of HIA alloimmunization
did not form an alloantibody, despite significant RBC
exposure in this group (range of RBC units transfused was
1–521 units, mean 51.8 units, median 19 units). One of eight
Js(b–) patients demonstrated anti-Jsb, and three of seven U–
patients developed anti-U (Table 2). Our HIA panel included
two antigens encoded by the same gene, specifically Hy and
Joa, which are single-nucleotide polymorphisms (SNPs) in
the ADP-ribosyltransferase 4 (ART4), responsible for the
Dombrock blood group.

Table 1. Description of the study population tested by HEA
BeadChip
Variable

Number of patients
(N = 2591)

%

Female

1649

63.6

Patients with sickle cell disease

406

15.7

Female

243

Bone marrow transplant status
Recipients

20

0.7

Donors

48

1.9

2119

81.8

Warm autoantibodies only

77

3.0

Cold autoantibodies only

13

0.5

382

14.7

Black

1381

53.3

White

1078

41.6

Asian

31

1.2

Hispanic

13

0.5

Other

88

3.4

Antibodies
Alloantibodies

None

By patient, allowing for individuals to be negative for multiple HIAs
Number of patients
with rare type

Number of patients
with alloantibody
to HIA

Number of patients
with other
alloantibody(ies) (%)

k−

1

0

1 (100)

Js(b–)

8

1

8 (100)

U–

5

2

4 (80)

U–, Jo(a–)

2

1

2 (100)

Co(a–)

2

0

2 (100)

Lu(b–)

1

0

1 (100)

Hy–, Jo(a–)

6

0

5 (83)

Jo(a–)

7

0

5 (71)

Total

32

4

28

Rare RBC antigen
phenotype

By antigen, only for consideration of immunogenicity
Number of patients
with rare type

Number of patients
with alloantibody
to HIA

k−

1

0

Js(b–)

8

1

U–

7

3

Co(a–)

2

0

Lu(b–)

1

0

Hy–

6

0

Jo(a–)

15

1

Rare RBC antigen
phenotype

HIA = high-incidence antigen; RBC = red blood cell.

Two other patients were negative for two HIAs that are
encoded by separate genes and separate chromosomes: U is
encoded by glycophorin B (GYPB) on chromosome 4 and Joa
in ART4 on chromosome 12. Two of the four patients with
antibodies to HIAs (50%) had alloantibodies to other blood
group antigens. Two patients had no antibody screen data
available. Using simple logistic regression on the 29 patients
with complete data, the odds of forming an antibody to an
HIA were not related to the total number of transfusions
(p = 0.47), the total number of alloantibodies found (p = 0.61),
or diagnosis of SCD (p = 0.77). Adjustment for each of these
variables in a multiple logistic regression model including all
three covariates was not significant for any variable (p = 0.6,
p = 0.7, and p = 0.7, respectively).
Discussion

Race
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Determining alloantigen exposure to so-called minor
RBC antigens in transfused populations is challenging,
because blood components are not routinely phenotyped or
genotyped beyond ABO and D; similarly, most recipients are
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not phenotyped or genotyped for these additional antigens.
We therefore selected a group of patients known to be negative
for an HIA because any transfusion or pregnancy exposures
experienced by this group would, by definition, have a greater
than 99 percent chance of exposing them to a foreign antigen,
compensating for the fact that minor antigen data were not
directly available for each transfused unit or for each fetus. To
best model the problem of alloimmunization to RBC antigens,
it is important to characterize at-risk patients (e.g., to define an
antigen-negative population), gather exposure details, and test
for antibodies post-exposure. Our approach has included all of
these important variables.
In our study, 25 (86.2%) of the 29 patients with known,
documented exposure to foreign antigens from RBC transfusion or pregnancy failed to produce an antibody to an HIA.
Because our study population was drawn from those patients
who were referred for molecular testing and our indications for
referral included identification of any RBC alloantibody, it is
not surprising that 27 of 32 (84%) of our HIA-negative group
had at least one alloantibody and would be characterized as
alloimmune “responders.” Although this selection bias is a
limitation of our study, even in a population so enriched for
alloimmune responders, we still found that 86 percent of
HIA-negative patients were actually tolerant to HIA exposure.
Details of the four HIA responders (Table 3) reveal that they
were female, only one had SCD, and two of them lacked other
RBC alloantibodies other than that to the HIA. Unfortunately,
because 100 percent of the HIA-alloimmunized patients were
all female, we could not include gender in our regression
models. Only 63.6 percent of our total sample was female, but
these proportions are not statistically significantly different
in this sample (χ21, p = 0.13), likely attributable to the wide
sampling error because of the rarity of HIA alloimmunization
in the cohort.
Ten patients who were negative for an HIA had SCD,
five of whom also had either previous history of an antibody
or developed additional antibodies at our institution. Our
regression models did not support SCD as a risk factor for
alloimmunization in our cohort. One strength of regression

modeling is the ability to adjust for multiple possible
covariates or confounders by comparing risk estimates used
in a multiple variable approach to those obtained using a
simple regression model that only evaluates a single variable
at a time. We exploited these features of regression analysis
to allow consideration of three important putative explanatory
variables: the total number of transfusions, the total number
of alloantibodies, and the diagnosis of SCD. We selected
these three attributes as possible risk factors based on a
combination of biological plausibility or prior epidemiologic
evidence. The number of prior transfusions is an appealing
potential risk factor for alloimmunization because the notion
of repeat immune stimulation to generate strong humoral
responses is a well-known phenomenon that is exploited in
vaccination, where a schedule of repeated exposures is routine.
The total number of alloantibodies may be a risk factor for
HIA alloimmunization because it reveals that a patient has
the capability to respond to other RBC antigens. Last, we
selected SCD diagnosis as a possible HIA alloantibody risk
factor because other investigators have reported high rates of
alloimmunization in this patient population.11
There was no increased risk of alloimmunization to HIAs
according to the three important putative risk factors in our
study; therefore, these factors do not satisfactorily explain
the variation in alloimmunization risk that we observed in
our patient cohort. To therefore identify risk factors that may
explain this variation, future work includes expanding our
study to include additional patient-specific risk factors other
than the three we examined here. Additional risk factors for
consideration in future modeling could include patient gender
(which we could not model explicitly in this small study because
all four patients who experienced the HIA alloimmunization
event were female, and therefore there was no variation in that
attribute), independent indicators of a proinflammatory state
at the time of transfusion, markers of immune tolerance such
as regulatory T-cell development, polymorphisms in genes
related to innate or humoral immunoregulation, age of blood
component transfused, or blood donor attributes, among a
host of other creative hypotheses.

Table 3. Summary of patients with alloantibodies to HIAs
Patient

History of RBC
transfusion

Age (years)

Gender

RBC antigen phenotype

Antibody to HIA

Diagnosis

Other antibodies

1

78

F

Js(b–)

Anti-Jsb

Renal failure

Anti-C, -E, -Jka

Multiple

2

28

F

U–

Anti-U

Pregnancy

None

Unknown

3

40

F

U–

Anti-U

Sickle cell disease

Anti-D, -C, -E, -Fya, -Jk b, -Lea

Multiple

4

30

F

U–, Jo(a–)

Anti-U

Pregnancy

None

None

HIA = high-incidence antigen; RBC = red blood cell.
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Seven of the 15 patients who were Jo(a–) had developed
an inconclusive reactivity that could suggest the potential to
form an antibody to an HIA, but because these antibodies
did not demonstrate conclusive reactivity, these patients
were scored in our study as non-responders to HIAs. This
conversion from an inconclusive to a potential antibody to
an HIA could represent early anamnestic response.11 We
also included the number of transfused packed RBC units
in our model, but this variable was not associated with
alloimmunization to HIAs in our sample in either simple or
multiple logistic regression analyses. On further review, one
Jo(a–) patient received a total of 521 RBC units and still was
not immunized to this antigen, demonstrating the complexity
of the immune response despite intense exposure. The extent
to which differential immunogenicity across RBC antigens is
responsible or contributing to the tolerance to HIAs that we
observed is difficult to quantify.
Immunogenicity has been described on a population level
by dividing the probability of an antigen-positive donor by
the probability that an individual recipient may be antigennegative, as described by Giblett’s equation17 and modifications
thereof, to include phenomena such as evanescence.13
Attempts to calculate immunogenicity using these methods for
HIAs necessarily results in extremely low “potency,” because
the probability of being antigen-negative (which is near 0) is
divided by the probability of exposure (near 1), so the product is
near 0. For an individual patient, however, such as any of those
who were HIA-negative in our study, the probability of being
antigen-negative is 1 (because it was empirically determined)
and the probability of exposure to an antigen-positive unit
remains at nearly 1, so immunogenicity by Giblett’s method
would be near 1, which is not consistent with our data.
Therefore, we suggest that some other biological processes
are likely contributing to immunogenicity of HIAs that are
not captured in the population-based estimates developed
by Giblett. Further research on membrane biochemistry,
including antigen density or processing and presentation of
HIAs in antigen-presenting cells, may help clarify some of this
unclear biology.
We were unable to identify a risk factor associated with HIA
alloimmunization in our study. If the transfusion community
could identify specific risk factors associated with an increased
risk of alloimmunization to HIAs or other RBC antigens,
there would be important implications for clinical transfusion
medicine practice, particularly in terms of triaging rare blood.
If one could reliably predict the alloimmune responders, then
perhaps we could confidently transfuse the remaining patients
with HIA-positive blood and reduce transfusion delays
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without compromising transfusion safety. Until then, there is
still an important role for routine donor genotyping to include
testing to predict HIAs to provide antigen-negative blood.
An important strength of our approach is that we
characterized at-risk, antigen-negative recipients with known
exposures to foreign antigens. Alloimmunization to the HIAs
defined in this study is uncommon even in patients who have
been heavily transfused. Although they had a known exposure
to allogeneic blood through transfusion and/or pregnancy,
86.2 percent of patients at risk for alloimmunization to an HIA
in fact did not mount an immune response to that antigen.
Possible risk factors for alloimmunization, including the
number of RBC units transfused, SCD, or the total number
of antibodies formed, were not predictors for making an
antibody to an HIA in our study. Differential immunogenicity
of the HIAs based on mechanisms or properties that have not
been characterized may contribute to the high tolerance we
observed, but our results more generally support the notion
that other patient-specific risk factors for alloimmunization,
such as a genetic basis to a “responder” phenotype, exist.
References
1. Hashmi G, Shariff T, Seul M, et al. A flexible array format
for large-scale, rapid blood group DNA typing. Transfusion
2005;45:680–8.
2. Telen MJ, Rosse WF, Parker CJ, Moulds MK, Moulds JJ.
Evidence that several high-frequency human blood group
antigens reside on phosphatidylinositol-linked erythrocyte
membrane proteins. Blood 1990;75:1404–7.
3. Meny GM, Flickinger C, Marcucci C. The American Rare Donor
Program. J Crit Care 2013;28:110.e9–18.
4. Seltsam A, Wagner FF, Salama A, Flegel WA. Antibodies
to high-frequency antigens may decrease the quality of
transfusion support: an observational study. Transfusion
2003;43:1563–6.
5. Reid ME, Lomas-Francis C, Olsson ML. The blood group
antigen factsbook. 3rd ed. San Diego, CA: Academic Press,
2012.
6. Leger RM. In vitro cellular assays and other approaches used
to predict the clinical significance of red cell alloantibodies: a
review. Immunohematology 2002;18:65–70.
7. Higgins JM, Sloan SR. Stochastic modeling of human RBC
alloimmunization: evidence for a distinct population of
immunologic responders. Blood 2008;112:2546–53.
8. Karafin MS, Shirey RS, Ness PM, King KE. Antigen-matched
red blood cell transfusions for patients with sickle cell disease
at The Johns Hopkins Hospital. Immunohematology 2012;28:
3–6.
9. Zimring JC, Welniak L, Semple JW, et al. Current problems and
future directions of transfusion-induced alloimmunization:
summary of an NHLBI working group. Transfusion
2011;51:435–41.
10. Price CL, Johnson MT, Lindsay T, Dalton D, Watkins AR,
DeBaun MR. The Sickle Cell Sabbath: a community program
13

P.A.R. Brunker et al.

11.

12.
13.

14.

15.

increases first-time blood donors in the African American faith
community. Transfusion 2009;49:519–23.
Vichinsky EP, Earles A, Johnson RA, Hoag MS, Williams A,
Lubin B. Alloimmunization in sickle cell anemia and transfusion
of racially unmatched blood. N Engl J Med 1990;322:1617–21.
Urbaniak SJ. Alloimmunity to human red blood cell antigens.
Vox Sang 2002;83(Suppl 1):293–7.
Tormey CA, Stack G. Immunogenicity of blood group antigens:
a mathematical model corrected for antibody evanescence
with exclusion of naturally occurring and pregnancy-related
antibodies. Blood 2009;114:4279–82.
Zalpuri S, Middelburg RA, Schonewille H, et al. Intensive
red blood cell transfusions and risk of alloimmunization.
Transfusion 2014;54:278–84.
Zalpuri S, Zwaginga JJ, le Cessie S, Elshuis J, Schonewille H,
van der Bom JG. Red-blood-cell alloimmunization and number
of red-blood-cell transfusions. Vox Sang 2012;102:144–9.

16. Zalpuri S, Evers D, Zwaginga JJ, et al. Immunosuppressants
and alloimmunization against red blood cell transfusions.
Transfusion 2014;54:1981–7.
17. Giblett ER. A critique of the theoretical hazard of inter vs. intraracial transfusion. Transfusion 1961;1:233–8.
Patricia A.R. Brunker, MD, MHS, DPhil(Oxon), FCAP (corresponding
author), Assistant Professor, Department of Pathology, Division of
Transfusion Medicine, The Johns Hopkins School of Medicine, 1800
Orleans Street, Sheikh Zayed Tower, Rm. 3081, Baltimore, MD 21287,
pbrunke1@jhmi.edu; Keerthana Ravindran, BS, MLS(ASCP)SBB,
Clinical Laboratory Scientist III, Department of Pathology, Division
of Transfusion Medicine, The Johns Hopkins Hospital; and R. Sue
Shirey, MS, MT(ASCP)SBB, Technical Specialist II, Department of
Pathology, Division of Transfusion Medicine, The Johns Hopkins
Hospital, Baltimore, MD.

Attention: SBB and BB Students
You are eligible for a free 1-year subscription to
Immunohematology.

Important Notice About Manuscripts for
Immunohematology
Please e-mail all manuscripts to immuno@redcross.org.

Ask your education supervisor to submit the name and
complete address for each student and the inclusive dates
of the training period to immuno@redcross.org.

For information concerning the National Reference

Immunohematology is on the Web!

Laboratory for Blood Group Serology, including the American

www.redcross.org/about-us/publications/
immunohematology

Rare Donor Program, contact Sandra Nance, by phone at
(215) 451-4362, by fax at (215) 451-2538, or by e-mail at
Sandra.Nance@redcross.org.

For more information, send an e-mail to
immuno@redcross.org.

Free Classified Ads and Announcements
Immunohematology will publish classified ads and announcements (SBB schools, meetings, symposia, etc.) without charge.
E-mail information to immuno@redcross.org or fax to (215) 451-2538

14

I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

Case R ep ort

Development of red blood cell autoantibodies
following treatment with checkpoint
inhibitors: a new class of anti-neoplastic,
immunotherapeutic agents associated with
immune dysregulation
L.L.W. Cooling, J. Sherbeck, J.C. Mowers, and S.L. Hugan

Ipilimumab, nivolumab, and pembrolizumab represent a new
class of immunotherapeutic drugs for treating patients with
advanced cancer. Known as checkpoint inhibitors, these drugs
act to upregulate the cellular and humoral immune response
to tumor antigens by inhibiting T-cell autoregulation. As a
consequence, they can be associated with immune-related adverse
events (irAEs) due to loss of self-tolerance, including rare cases
of immune-related cytopenias. We performed a retrospective
clinical chart review, including serologic, hematology, and
chemistry laboratory results, of two patients who developed
red blood cell (RBC) autoantibodies during treatment with a
checkpoint inhibitor. Serologic testing of blood samples from
these patients during induction therapy with ipilimumab and
nivolumab, respectively, showed their RBCs to be positive by
the direct antiglobulin test (IgG+, C3+) and their plasma to
contain panreactive RBC autoantibodies. Neither patient had
evidence of hemolysis. Both patients developed an additional
irAE during treatment. A literature review for patients who had
developed immune-mediated cytopenia following treatment with
a checkpoint inhibitor was performed. Nine other patients were
reported with a hematologic irAE, including six with anemia
attributable to autoimmune anemia, aplastic anemia, or pure RBC
aplasia. Hematologic irAEs tend to occur early during induction
therapy, often coincident with irAEs of other organs. In conclusion,
checkpoint inhibitors can be associated with the development of
autoantibodies, immune-mediated cytopenias, pure RBC aplasia,
and aplastic anemia. Immunohematology reference laboratories
should be aware of these agents when evaluating patients with
advanced cancer and new-onset autoantibodies, anemia, and
other cytopenias. Immunohematology 2017;33:15–21.

Key Words: checkpoint inhibitor, autoantibody, anemia,
cytopenia
Checkpoint inhibitors are a new class of immunotherapeutic agents aimed at increasing the host immune response
against tumor antigens. These include monoclonal antibodies
against cytotoxic T-lymphocyte–associated antigen 4
(CTLA-4, CD152), programmed cell death protein 1 (PD1, CD279), and programmed cell death ligand 1 (PD-L1,
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

Table 1. Checkpoint inhibitors
Drug class (trade name, manufacturer)
Anti-CTLA-4
Ipilimumab (Yervoy, Bristol-Myers Squibb)
Tremelimumab (AstraZeneca, compassionate use only)
Anti-PD-1
Nivolumab (Opdivo, Bristol-Myers Squibb)
Pembrolizumab (Keytruda, Merck Sharp & Dohme)
Pidilizumab (Medivations, in clinical trials)
Anti-PD-L1
Atezolizumab (Genentech, in clinical trials)
Durvalumab (AstraZeneca, approved bladder cancer)
CTLA-4 = cytotoxic T-lymphocyte–associated antigen 4; PD-1 =
programmed cell death protein 1; PD-L1 = programmed cell death ligand 1.

CD274) (Table 1). In clinical studies, checkpoint inhibitors
have been shown to significantly increase survival in patients
with late-stage cancer. Ipilimumab, a monoclonal antibody
against CTLA-4, commonly used for patients with advanced
metastatic melanoma, increases both median and overall
survival, with some patients showing prolonged clinical
remission for several years.1–3 Ipilimumab has also been used
successfully in patients with metastatic prostate cancer and
in patients with leukemia who relapse after allogeneic stem
cell transplantation.1,3,4 Likewise, monoclonal antibodies
against PD-1 have shown equally promising results in
patients with advanced melanoma, lung cancer, and renal cell
carcinoma.5–8 At present, there are nearly 100 clinical trials
involving checkpoint inhibitors being used for patients with
cancer, including patients with lymphoma, multiple myeloma,
melanoma, and cancers of the breast, colon, kidney, pancreas,
ovary, prostate, lung, and head and neck.9
Ipilimumab and other CTLA-4 monoclonal antibodies
act to increase immune responsiveness to tumor antigens by
15
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disrupting T-cell autoregulation at the time of initial antigen
presentation. Normally, T-cell activation is tightly regulated,
requiring the interaction of two distinct ligand-receptor pairs:
the T-cell receptor (TCR)–major histocompatibility complex
(MHC) and CD28-B7.1,5 Initially, antigen-presenting cells
(APCs), such as macrophages and dendritic cells, bind tumor/
foreign antigens via the MHC and then present the bound
antigen to the TCR on T-cells. This interaction of MHC-antigen
with the TCR is the first step in T-cell activation. Subsequent
binding between B7 on APCs and CD28 on T-cells delivers a
co-stimulatory signal necessary for T-cell proliferation and
cytokine secretion. T-cell activation is negatively regulated
by CTLA-4, which is upregulated upon initial TCR activation
and blocks the B7-CD28 co-stimulatory signal. Specifically,
CTLA-4 is a high-affinity receptor for B7 and effectively
outcompetes CD28 for B7 binding, thereby limiting and
blunting T-cell activation. Monoclonal antibodies against
CTLA-4 inhibit this self-regulation, allowing a prolonged
and amplified T-cell response, enhancing both cellular and
humoral immunity.1,3
PD-1 and PD-L1 inhibitors, on the other hand, appear
to act primarily on T-effector cells present in tumor and
tissues.5,10 PD-1 is expressed on activated T-cells, whereas its
ligand, PD-L1, is widely expressed on lymphohematopoietic
cells, epithelial tissues, and on several cancer cell types, such as
those associated with leukemia, melanoma, and carcinoma. In
cancer, PD-L1/PD-1 interactions are one mechanism by which
tumors escape immune surveillance with disease relapse. Like
CTLA-4-CD28 signaling, the binding of tissue PD-L1 to PD-1
on activated T-cells transmits an inhibitory signal that blunts
T-cell activation by promoting T-cell apoptosis and anergy.5
PD-1 and PD-L1 antibodies block this autoregulatory pathway,
promoting T-cell expansion and cytokine secretion.
Given their mechanism of action, it is not surprising that
the most common adverse events associated with checkpoint
inhibitors are autoimmune phenomena. Up to 70 percent of
patients receiving ipilimumab are reported to have at least one
immune-related adverse event (irAE).1,3 The most common
irAEs are dermatologic with rash and/or pruritus (45–65%);
gastrointestinal with diarrhea, colitis, and intestinal perforation
(33%); endocrine disorders due to thyroiditis, hypopituitarism,
hypophysitis, and adrenal insufficiency (4.5%); and hepatic
including transaminitis, autoimmune hepatitis, and hepatic
failure (6%). Other less common irAEs include neurologic
disorders, ocular inflammation, pancreatitis, pneumonitis,
systemic vasculitis, immune cytopenias, and acquired
hemophilia A.1 Laboratory studies often show a lymphocytic
infiltrate in affected organs, sometimes accompanied by
16

circulating autoantibodies.1,3 PD-1 inhibitors are reported to
have a lower incidence of irAEs, but their irAEs can still be
life-threatening.5–8,11 IrAEs generally occur within the first few
months of starting immunotherapy, with an average onset of
6 weeks.1
Immune cytopenia is considered a rare irAE (1%) and
includes pancytopenia, immune thrombocytopenia, immune
neutropenia, aplastic anemia, warm autoimmune hemolytic
anemia (WAIHA), and pure red blood cell (RBC) aplasia.1,3,4,12–16
We present two patients who developed strong warm and cold
RBC autoantibodies during induction immunotherapy with
ipilimumab and nivolumab, respectively. In addition, we have
reviewed and summarized the clinical and laboratory findings
in patients with immune-related cytopenias associated with
checkpoint inhibitor therapy.
Materials and Methods
Routine ABO and D typing and antibody detection testing
were performed using a gel-based analyzer (ProVue, Ortho
Clinical Diagnostics, Raritan, NJ). Samples with abnormal
test results were referred to the University of Michigan
Immunohematology Reference Laboratory for further
investigation using manual methods.
Antibody identification was performed initially by
gel method (ID-MTS, Ortho Clinical Diagnostics) using
commercial panel RBCs (0.8%, native, and ficin-treated) per
the manufacturer’s instructions. Testing for cold agglutinins
was performed by the tube method (immediate spin, followed
by a 15-minute room temperature incubation).17 For adsorption
studies, patient plasma was incubated with washed, enzymetreated RBCs (ZZAP; 0.02% ficin, 0.1M dithiothreitol
final concentration) at 37°C for 30 minutes, followed by
centrifugation (3100g × 5 minutes) as described.17 Adsorbed
plasma was tested in parallel with unadsorbed plasma by the
saline tube method, with readings after 37°C incubation (60
minutes) and after the indirect antiglobulin test (IAT) using
polyspecific antihuman globulin (AHG) (rabbit polyclonal IgG,
mouse monoclonal anti-C3b and anti-C3d; Ortho Clinical
Diagnostics).
A direct antiglobulin test (DAT) was performed by
standard tube method using polyspecific AHG (Ortho Clinical
Diagnostics), monospecific anti-IgG (polyclonal, Ortho
Clinical Diagnostics), anti-C3b,-C3d (monoclonal blend,
ImmucorGamma, Norcross, GA), and 6 percent albumin
control (Ortho Clinical Diagnostics).17 Elution was performed
on patient RBCs using an acid elution method (Gamma Elu-Kit
II, ImmucorGamma). The eluate was tested against selected
I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017
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native and ficin-treated RBCs by tube (30 minutes at 37°C;
Anti-IgG, Ortho Clinical Diagnostics) with polyethylene glycol
(PEG; GammaPeG, ImmucorGamma) enhancement.17,18
Extended RBC phenotyping was performed by tube
method using commercial blood typing reagents against C, c,
E, and e (Rh gel cards, MTS, Ortho Clinical Diagnostics); Fya
and Fyb (human polyclonal, Ortho Clinical Diagnostics); and
K, S, s, Jka, and Jkb (IgM monoclonal, ImmucorGamma). All
testing was performed in parallel with antigen-positive and
antigen-negative RBC controls.
Case Reports
Patient 1
The patient was a 65-year-old, group B, D– woman with
metastatic melanoma to the bilateral groin, with radiologic
extension into the deep perineum and multiple perineal lymph
nodes (Table 2). Molecular testing of her tumor showed that
it was negative for c-KIT mutations but was positive for a
mutation in B-RAF (V600E), a serine/threonine protein
kinase. The patient was initially treated with the targeted
B-RAF inhibitor vermurafenib (Zelboraf; Genentech, South
San Francisco, CA) for 4 months without clinical improvement
and with radiologic evidence of disease progression. Her other
medications included alprazolam, clindamycin, metronidazole,
and acetaminophen/hydromorphone.
The patient subsequently underwent evaluation to start
treatment with ipilimumab, an anti-CTLA-4 inhibitor. Clinical
issues included ongoing bleeding from skin ulcers at the site
of her bilateral groin masses, resulting in severe anemia
(hemoglobin [Hb] 6 g/dL, normal 12–16 g/dL). As a result,
she was transfused with 2 units of RBCs. She was seen 1
week later for her first scheduled ipilimumab infusion and was
again severely anemic (Hb 6.7 g/dL) due to blood loss. She
was transfused an additional 2 units of RBCs. Her antibody
detection test on both occasions was negative, and there was
no history of alloantibodies.
The patient was started on ipilimumab at the standard
induction dose of 3 mg/kg every 21 days for four cycles.
After her first dose of ipilimumab, she developed a pruritic
rash on her trunk and lower leg, which was treated with
over-the-counter medication. The patient was subsequently
admitted 3 weeks later, just prior to her second ipilimumab
dose, because of continued bleeding and possible infection
of her groin masses. Her Hb on admission was 3.7 g/dL.
The patient again typed as group B, D–, but her antibody
detection test was now positive. A standard antibody panel
(gel) identified anti-KEL1. Her extended phenotype was ce
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(rr), KEL:–1, S+s+, Jk(a+b+), Fy(a+ b+). A phenotype of the
four previously transfused RBC units showed that 1 unit
was KEL:1. There was no laboratory evidence of a delayed
hemolytic transfusion reaction: DAT and eluate were negative.
Other laboratory tests showed a chronically elevated lactate
dehydrogenase (460–782 IU/L, normal 129–240 IU/L),
normal haptoglobin (191 mg/dL, normal 22–239 mg/dL), and
normal total bilirubin (0.5 mg/dL, normal 0.2–1.2 mg/dL).
A peripheral blood smear showed a mild microcytic anemia
and polychromasia with no spherocytes, consistent with an
increased RBC distribution width (18%; normal 11.5–15%),
mildly decreased mean corpuscular volume (75.1 fL, normal
79–99 fL), and mean cell Hb concentration (27.7 g/dL, normal
32–35 g/dL). Her platelet and total white blood cell (WBC)
counts were normal except for a mild absolute lymphopenia
(900/μL, normal 1.2–4 K/μL). She was transfused with 4 units
of KEL:–1, crossmatch-compatible RBCs with an appropriate
post-transfusion response (Hb 8.0 g/dL). In addition, she
received localized radiotherapy and cycle 2 of ipilimumab.
The patient returned to the clinic to receive her third
cycle of ipilimumab. Her Hb was 8.5 g/dL. A new specimen
showed a positive antibody detection test with both KEL:1
and KEL:–1 reagent RBCs. The patient’s RBCs reacted by
the DAT: polyspecific AHG (2+), anti-IgG (1+), and anti-C3
(2+) with a negative albumin control (Table 3). The patient’s
plasma was tested with a limited cold agglutinin cell panel,
consisting of group O adult (n = 2), group B adult (n = 2), group
O cord cells (n = 1), and an autocontrol; all tests were reactive
at both immediate spin (1+, tube) and after 15-minute room
temperature incubation (3+). A standard antibody identification panel showed strong panreactivity with 11 of 11 cells in the
IAT (2+ to 3+; gel); reactivity was enhanced with ficin-treated
cells (4+). An acid eluate prepared from the patient’s RBCs was
equally reactive with native (2+) and ficin-treated (2+) group
O, D–, KEL:–1 RBCs by the PEG-IAT tube method. Because
of recent transfusions, an autoadsorption was not performed.
Instead, the patient’s plasma was alloadsorbed four times using
ZZAP-treated, group O, D– (rr) RBCs, followed by testing
against a standard antibody panel by saline tube method with
readings after 60-minute 37°C incubation and after the IAT
using polyspecific AHG. Adsorbed plasma was reactive with
only KEL:1 RBCs; no other alloantibody specificities were
found. In contrast, the unadsorbed plasma control showed
strong panreactivity (3+) after 37°C incubation, with variable
reactivity at the IAT-AHG phase (trace to 2+). There was no
laboratory evidence of hemolysis. A review of her medications
showed no new medications in the last several months except
ipilimumab.
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Table 2. Immune-associated cytopenias in patients on checkpoint inhibitors

Reference
12

Age
(years)/
gender

Diagnosis

Drug

77/F

Melanoma

Ipilimumab

Dose Number of
(mg/kg)
doses
10

Hematologic adverse
event

Onset
(weeks)

Treatment

Response

Other adverse events

Pancytopenia

10

Steroids

Steroid resistant

Autoimmune
hyperthyroidism

IVIG

IVIG responsive
in 8 weeks,
relapse at 12
weeks

4

Erythropoietin
GM-CSF
Eltrombopag
13

60/M

Melanoma

Ipilimumab

10

9

Pure RBC aplasia

>50

Steroids

Steroid resistant

IVIG

IVIG responsive

14

68/F

Melanoma

Ipilimumab

3

3

WAIHA

~11

Steroids

Steroid sensitive

14

49/M

Melanoma

Ipilimumab

3

3

Neutropenia

9–11

Steroids

Steroid sensitive

Vitiligo
Diarrhea/colitis
Hypothyroidism

GM-CSF
14

70/F

Melanoma

Ipilimumab

3

4

Anemia

48

Neutropenia
3

4

NA/M

NA

Prostate
carcinoma

Allogeneic stem
cell transplant

Ipilimumab

Ipilimumab

10

10

2

<4

Aplastic anemia

Immune
thrombocytopenia

Steroids

Steroid sensitive

Pruritis

Steroids

Steroid resistant

Autoimmune
hepatitis

Cyclosporine

Cyclosporine
resistant

ATG

ATG resistant

Steroids

Steroid sensitive

GM-CSF
>12

<12

Resumed
ipilimumab
15

85/M

Melanoma

Ipilimumab
Nivolumab

16

52/F

Melanoma

Ipilimumab
Pembrolizumab

3

4

None

—

—

—

3

5

WAIHA

10

Steroids

Steroid sensitive

NA

NA

None

—

—

—

NA

3

WAIHA

NA

Steroids

Steroid sensitive,
relapse at 6
weeks

Pure RBC aplasia

ANCA+

Autoimmune
hepatitis

IVIG

IVIG responsive

Patient 1 65/F

Melanoma

Ipilimumab

3

2

Warm and cold
autoantibodies

7

None

None

Rash/pruritis

Patient 2 66/M

Small cell
carcinoma lung

Nivolumab

3

4

Warm
autoantibodies

6

None

None

Arthritis

IVIG = intravenous immunoglobulin; GM-CSF = granulocyte-macrophage colony stimulating factor; RBC = red blood cell; WAIHA = warm autoimmune
hemolytic anemia; NA = not available; ATG = anti-thymocyte globulin; ANCA = anti-neutrophil cytoplasmic antibody.

The patient completed induction therapy without
further sequelae and did not receive steroids or other
immunosuppression for any irAE. After 6 months, she was
transitioned to pembrolizumab, an anti-PD-1 inhibitor (Table
1), because of disease progression. The patient tolerated

18

pembrolizumab (2 mg every 21 days for nine cycles) with
no documented irAE. A repeat DAT 1 year after receiving
ipilimumab, as well as pembrolizumab, was negative. The
patient died of metastatic disease 2 years after completing
ipilimumab.
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Patient 2
The patient was a 66-year-old man with small cell
carcinoma of the lung, initially treated with cisplatin and
etoposide (×2), followed by carboplatin and cisplatin (×3) and
radiation (Table 2). After finding evidence of disease progression with metastasis, the patient was placed on nivolumab,
an anti-PD-1 inhibitor, at 3 mg/kg every 2 weeks for 10
weeks. Within 2 weeks of his first dose, the patient developed
new-onset joint swelling and pain in both hands, which
was attributed to nivolumab.19 The patient was prescribed
ibuprofen (800 mg every 8 hours) and was followed clinically
without further diagnostic studies. At the time of his fourth
cycle, the patient complained of fatigue and shortness of breath
coincident with worsening anemia (Hb 8.2 g/dL). His RBC
indices, WBC count, and platelet count were within normal
limits, and there was no objective evidence of hemolysis or
blood loss. A WBC differential was unremarkable with a
normal relative and absolute lymphocyte count.
A type and screen was ordered at the time of his fourth cycle
because of symptomatic anemia (Table 3). His RBC phenotype
was group A, D– (rr); his antibody detection test was positive.

His RBCs reacted by the DAT with polyspecific AHG (2+),
anti-IgG (2+), and anti-C3 (2+). His plasma reacted with 11
of 11 cells at 37°C by IAT gel (2+); reactivity was enhanced
by ficin (4+). The autocontrol was positive (1+). Testing his
plasma with a cold panel showed no reactivity against group O
cells at either immediate spin or 15-minute room temperature
incubation. By saline tube method, the patient’s plasma was
nonreactive after 60-minute 37°C incubation with 6 of 6
cells and the autocontrol. In a saline tube IAT-AHG, 1–2+
reactivity was observed with all cells and the autocontrol (2+).
An acid eluate was positive with group O, ficin-treated RBCs
by PEG tube method. The patient’s plasma was adsorbed
three times with ZZAP-treated autologous RBCs and tested
against a standard panel at 37°C (60 minutes, saline tube) and
IAT-AHG. Anti-Jkb was identified in the IAT-AHG; no other
alloantibody specificities were noted. The patient’s RBCs were
typed as Jk(a+b–).
A review of the patient’s transfusion records indicated seven
previous RBC transfusions during the course of chemotherapy
at another hospital, with the last transfusion 8 months earlier.
According to this hospital’s records, his antibody detection test

Table 3. Laboratory findings in patients with therapy-related anemia due to checkpoint inhibitors
Reference
16

14

Hematologic diagnosis

DAT

Hemolysis

Peripheral blood

Bone marrow

WAIHA

IgG+

Yes

Anemia

Erythroid hypoplasia

Reticulocytopenia

C3+ T-cell lymphoid infiltrate

Reticulocytosis

Not done

Pure RBC aplasia

C3–

WAIHA

Positive

Yes

Spherocytes
15

WAIHA

IgG+

Yes

Reticulocytosis

Not done

Agglutination
Spherocytes
14

Anemia

NA

No

Normal RBC

Lymphocytic infiltrate

12

Pancytopenia

Negative

No

Anemia

Hyperplastic marrow

Thrombocytopenia

Erythroid hyperplasia

Granulocytopenia

Myeloid hypoplasia

Hyperlymphocytosis
• CD4+CD8+ T-cells
• NK-cells
13

Pure RBC aplasia

Positive

No

Atypical lymphocytosis
Large granular lymphocytes

Anemia*

Normocellular marrow

Reticulocytopenia

Erythroid hypoplasia
Lymphoid aggregates

Patient 1

Patient 2

Warm and cold RBC

IgG+

autoantibodies

C3+

Warm RBC

IgG+

autoantibodies

C3+

No

Anemia

Not done

Mild lymphopenia
No

Anemia

Not done

Mild lymphopenia

*Anemia due to ongoing blood loss.
DAT = direct antiglobulin test; WAIHA = warm autoimmune hemolytic anemia; RBC = red blood cell; NA = not available.
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was negative on four out of four occasions. The patient’s other
medications included iron, folate, tamsulosin, ibuprofen, and
acetaminophen/hydrocodone.
The patient has now received 14 cycles of nivolumab with
no evidence of disease progression. His course was complicated
by painful arthritis of his hands early during therapy, which
has improved with daily ibuprofen and time. The patient did
not receive steroids or other immunosuppression medications.
His blood counts remain stable (Hb 8.7–9.5 g/dL) with a
mild absolute lymphopenia (800–1000/μL) and no evidence
of hemolysis. There have been no repeat immunohematology
studies in the last 6 months.
Discussion
Ipilimumab and other checkpoint inhibitors enhance
cellular and humeral immunity to cancer at the expense of
immune tolerance to self-antigens.1,5 As a consequence, up to
60–70 percent of patients receiving ipilimumab experience
at least one irAE during the course of induction therapy.1,3
Although most irAEs are mild, approximately 18 percent of
patients have severe grade 3 or 4 toxicity, with rare fatalities
(0.6%).1,3,5 Patients with prior antibody-mediated immune
disorders have had recurrence after starting therapy.12
Clinicians are cautioned to monitor patients closely for irAEs
with a low index of suspicion to initiate treatment. Steroids
remain as the first-line treatment for most irAEs.1 Symptoms
generally resolve within 4–8 weeks of discontinuing
treatment.1
Although considered a rare irAE (<1%), immune-mediated
cytopenias have now been reported in several patients
(Table 2).3,4,12–16 Anemia is the most common cytopenia and may
be accompanied by thrombocytopenia and/or neutropenia.
Anemia may be either hemolytic or hypoproliferative; one
patient presented with severe anemia due to both WAIHA and
pure RBC aplasia.16 Anemia is often accompanied or preceded
by other irAEs of the skin, gastrointestinal, and endocrine
systems. Like other irAEs, immune cytopenias tend to occur
during induction therapy (weeks 1–12),4,12,14,15 although there
are examples of patients developing anemia many months
after starting immunotherapy.13,14 Interestingly, some patients
have tolerated ipilimumab with no irAEs, only to develop a
hemolytic anemia following subsequent treatment with an
anti-PD-1 inhibitor.15,16 Anemia can be steroid-resistant and
subject to relapse.
In laboratory testing, over 50 percent of patients with
irAE anemia will have evidence of a positive DAT, usually
with IgG (Table 3). In three out of five patients with a positive
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DAT, hemolysis was present.14–16 In four of four patients who
underwent a bone marrow biopsy, a lymphocytic infiltrate was
observed.12–14,16 In one case, an atypical lymphoid infiltrate
was accompanied by an absolute and relative increase in
circulating lymphocytes composed of NK cells and immature
CD4+CD8+ lymphocytes.12
Our two patients showed a typical presentation, with
the development of new erythroid autoantibodies during
induction therapy. Like many patients (Table 2), our patients
also developed other irAEs (pruritic rash, arthritis). One
unusual finding in our two patients was a positive DAT by both
IgG and C3, and one patient demonstrating cold and warm
autoantibodies in her plasma. Neither patient had laboratory
evidence of hemolysis. Patient 1 did have significant anemia
early in her course that was attributed to chronic blood loss,
although her Hb stabilized after transfusion and additional
treatment.
In addition to these two patients, we may have encountered
a third case of drug-related autoantibodies in a 72-yearold woman with metastatic adrenal carcinoma. The patient
presented with a positive DAT (IgG 3+, C3 3+) with a panreactive warm autoantibody (IAT 2+) after participating in a
PD-L1 trial (atezolizumab) at another institution. Interestingly,
she was withdrawn from the study trial because of an irAE,
with markedly elevated liver enzymes.
The possible mechanisms underlying ipilimumabassociated immune cytopenias may be inferred from studies
of other common ipilimumab-associated irAEs. Biopsies of
affected skin, gastrointestinal tissue, and liver typically show
a lymphocytic infiltrate, sometimes accompanied by other
inflammatory cells.1,3 This result is consistent with increases
in CXCL2 and IL8 receptor ligands, which promote leukocyte
trafficking.4 There is also evidence of upregulation of perforin,
CD8, Th1 cells, and IFN-γ inducible genes and downregulation
of IL-10, an antiinflammatory cytokine.1,4,20 In peripheral
blood, there is a 50 percent decrease in CD4+ Treg cells and
an increase in CD4+ effector cells and Th17 cells.4,20 The loss
of Treg cells, in particular, may tip the balance toward an
immune cytopenia and WAIHA.21 CD4+CD25+ Treg cells
are believed to play a critical role in the pathogenesis of RBC
autoantibodies and WAIHA.22–24
In summary, we present two cases of RBC autoantibodies
in patients receiving immunotherapy with checkpoint
inhibitors. These two patients were identified because of
chronic anemia (blood loss, recent chemotherapy) requiring
a routine type and screen and blood transfusion. Although
the timing of autoantibody development is consistent and
highly suspicious for a drug-induced irAE due to checkpoint
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inhibitor therapy, we cannot definitely prove causality given
the small number of patients and the retrospective nature
of this report. As more oncology patients are treated with
checkpoint inhibitors, it is probable that additional cases will
be encountered. The true incidence and risk of autoantibody
formation with these drugs, however, will require larger
studies and prospective monitoring of patients over the course
of therapy. Immunohematology reference laboratories should
be aware of the possibility of cytopenias and autoantibodies in
cancer and bone marrow transplant patients receiving these
medications.
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Use of standard laboratory methods to obviate
routine dithiothreitol treatment of blood
samples with daratumumab interference
N.J. Lintel, D.K. Brown, D.T. Schafer, F.M. Tsimba-Chitsva, S.A. Koepsell, and S.M. Shunkwiler

Daratumumab is an antibody currently used in the treatment of
patients with refractory multiple myeloma. Blood samples from
patients being treated with daratumumab may show panreactivity
during pre-transfusion testing. To facilitate the provision of
blood components for such patients, it is recommended that a
baseline phenotype or genotype be established prior to starting
treatment with daratumumab. If patient red blood cells (RBCs)
require phenotyping after the start of daratumumab treatment,
dithiothreitol (DTT) treatment of the patient’s RBCs should
be performed. The medical charts of four patients treated with
daratumumab were reviewed. The individual number of doses
ranged from 1 to 14; patient age ranged from 55 to 78 years; two
men and two women were included in the review. Type and screen
data were obtained from samples collected over 33 encounters
with a range of 1 to 13 encounters per patient. All samples were
tested initially by automated solid-phase testing. Any reactivity
with solid phase led to tube testing with either low-ionicstrength saline, polyethylene glycol, or both. If incubation failed
to eliminate the reactivity, the sample was sent to a reference
laboratory for DTT treatment and phenotyping. Of the 33 samples
tested, 23 (69.7%) samples had reactivity in solid-phase testing.
In 8 of the 10 samples that did not react in solid-phase, testing
was conducted more than four half-lives after the last dose of
daratumumab. Of the 23 that had reactivity in solid-phase, 16
(69.6%) samples demonstrated loss of reactivity using common
laboratory methods. For the seven patients whose sample
reactivity was not initially eliminated, six were provided with
phenotypically matched blood based on prior molecular testing.
Only one sample was sent out for DTT treatment. These results
suggest that daratumumab interference with pre-transfusion
testing can be addressed using common laboratory methods. This
finding could save time and money for laboratories that do not
have DTT available. Immunohematology 2017;33:22–26.
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Multiple myeloma is a malignancy of plasma cells that
highly express CD38. There have been many improvements
in patient survival recently with the advent of new treatment
strategies, although many patients still die from refractory
disease.1 Targeted therapies are highly sought after to improve
treatment and minimize toxicity.2 Daratumumab is an IgG1k
monoclonal antibody that binds CD38 and is currently
used in the treatment of refractory multiple myeloma.1,3
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The attachment of the therapeutic antibody may induce
tumor killing via antibody-mediated complement activation,
antibody-dependent cell-mediated cytotoxicity, antibodydependent cellular phagocytosis, or direct effects of blocking
the antigen function.4
In brief, human CD38 is a 45-kDa single-chain
transmembrane glycoprotein with a single membranespanning region. In adults, the CD38 protein is present on the
majority of natural killer cells, T cells, B cells, monocytes, and
macrophages and to some extent on platelets and red blood
cells (RBCs). CD38 is diffusely expressed on hematopoietic
cells early in their differentiation, and expression levels decline
on many cells lines as the cells terminally differentiate. The
exception to this is plasma cells, where CD38 becomes more
strongly expressed. CD38 shares structural homology with
adenosine diphosphate (ADP)-ribosyl cyclase. ADP-ribosyl
cyclase catabolizes nicotinamide adenine dinucleotide (NAD)
to cyclic ADP ribose (cADPR), a naturally occurring metabolite
of oxidized NAD (NAD+) that serves as a second messenger for
Ca2+ mobilization from intracellular sites. With this function,
CD38 plays a role in protein phosphorylation, inflammation/
cell growth/differentiation, and cell attachment.5
CD38 also has weak expression on RBCs; as a result of
this expression, it has been demonstrated that this therapeutic
antibody may cause agglutination during pre-transfusion
testing.2–4 This reactivity has been reported to occur in a
variety of media, including low-ionic-strength saline (LISS)
and polyethylene glycol (PEG), as well as various test methods
(solid-phase, tube, and gel). This interfering reactivity can
be found when using antihuman globulin (AHG) in pretransfusion testing of such patients’ plasma or serum (indirect
antiglobulin test [IAT]; namely, antibody detection testing,
antibody identification panels, and AHG crossmatches)
and/or testing of the patient’s RBCs (auto control and direct
antiglobulin test [DAT]). It has been noted that this reactivity
is generally weak (1+) but may be stronger in solid-phase
testing.3,6,7 Studies that have reported this interfering reactivity
in a variety of media have not tried multiple media on a single
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sample. There is also much variability within the literature as
to the frequency of this interfering reactivity in the various
media. Additionally, it is not known how comorbidities or
other medications may influence the interference that is seen.
Substances that interfere with pre-transfusion testing have
the potential to cause increased patient morbidity, mortality,
and costs. These substances have the potential to mask a
clinically relevant antibody. In addition, attempts to remove
interfering reactivity from the patient’s RBCs might disturb
the antigen structure to the degree that phenotyping may
be indeterminate. There are also increased costs associated
with resolving the panreactivity caused by this interfering
substance, as well as potential delay for patients to receive the
transfusion components they need.
It is recommended that a baseline phenotype or genotype
of the patient’s RBCs be established prior to the patient starting
treatment with daratumumab so that, if needed, phenotypematched, antigen-negative blood can be provided. However,
if the patient’s RBCs require phenotyping after the start of
daratumumab, routine dithiothreitol (DTT) treatment of
these RBCs should be performed.3,6 This method was recently
evaluated and supported in an international validation.7 Using
DTT as the principle strategy for eliminating this interfering
reactivity requires additional steps. DTT is a thiol-based
reagent that cleaves sulfhydryl bonds and is commonly used
when testing samples with cold agglutinins to disrupt the
structure of IgM so possible underlying clinically significant
IgG antibodies may be found.8 Several antigens, including
CD38, contain sulfhydryl bonds that are susceptible to this
reagent, which is the basis for using DTT as a treatment to
eliminate this reactivity. Some notable antigens with disulfideexposed bonds include those in the Kell, Lutheran, LandsteinerWiener, and YT blood group systems.3 Serologic typing for
these antigens may show false-negative results as a byproduct
of using DTT treatment to eliminate CD38 reactivity.
Additionally, DTT is not routinely used in many hospitalbased blood banks, necessitating send-out testing, which may
be costly and time-consuming. Although aliquots of DTT
are available for a relatively small acquisition cost, there are
other costs to consider: additional technician time to perform
DTT treatment, time required to create and implement
new protocols, special disposal of reagents, and issues
with reimbursement between in-house testing and sendout testing. Another factor to consider is the small number
of patients receiving daratumumab at an institution. After
carefully considering all of these factors, we decided that it was
more cost-effective for our lab to send out samples for DTT
treatment than to perform DTT treatment in-house.
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At our institution, genotyping results can take up to
2 weeks to receive and cost $975 plus the additional $97/
antigen/unit for antigen-negative blood. DTT treatment may
take several days for a result and costs our laboratory $1450
for each treatment. Another proposed strategy is the use of
antibodies with specificity against CD383,6 as well as using
panels with cord blood cells.9 These antibodies and panels,
also, are not widely available.
Our institution is a 676-bed academic, tertiary-care
hospital in the Midwest, surrounded geographically by lowpopulation-density rural areas. We have an active solid organ
and bone marrow transplant program. In a typical year, we
perform approximately 26,000 type and screen tests with a
staff of 18 full-time employees.
We propose an alternative initial strategy for dealing with
daratumumab interference that meets our institution’s needs
and may be helpful for other similarly situated institutions.
Both solid-phase and gel testing are known to enhance
serologic reactivity. Retesting samples, that were initially
reactive by solid-phase or gel testing with tube testing using
various media or incubation times to identify whether the
reactivity persists, is a strategy implemented to address
nonspecific reactivity in many testing algorithms for various
interfering substances.10 Rather than routinely moving to DTT
treatment after identifying initial panreactivity with a threecell antibody screen (as is currently recommended), we moved
to tube testing with various media or incubation times to
determine if the use of DTT is routinely warranted for testing
samples from patients who are receiving daratumumab.
Materials and Methods
To evaluate if standard laboratory methods were
effective in eliminating the interfering reactivity caused by
daratumumab, the medical charts of patients being treated
with daratumumab (dose 16 mg/kg) were reviewed. The
inclusion criterion for review was patients being treated
with daratumumab for multiple myeloma that needed pretransfusion testing. The review included four patients, two
men and two women, ranging in age from 55 to 78 years. The
individual number of doses ranged from 1 to 14. Type and
screen data were collected from 33 blood samples collected
from these four patients, with each patient contributing from 1
to 13 samples. All samples were initially tested by automated
solid-phase testing (Galileo Echo, Immucor, Norcross, GA)
using a three-cell antibody screen (Capture-R Ready Screen
3, Immucor) following the manufacturer’s instructions. The
agglutination strength by solid-phase testing was graded via
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the analyzer’s interpretation algorithm. The agglutination
strength for the tube testing was graded via methods 1–9 of
the AABB Technical Manual.10 Any reactivity by solid-phase
testing led to additional tube testing with either LISS, PEG, or
both. With continued reactivity, tube testing with a 60-minute
incubation with no enhancement was done.
For the tube testing with enhancement, two drops of
patient plasma or serum and one drop of thoroughly mixed
antibody screening cells were added to their respective
tubes. Then, two drops of PEG or LISS were added to each
tube and mixed. The tubes were incubated at 37°C ± 1°C for
10–30 minutes. If no enhancement was used, the tubes were
incubated at 37°C ± 1°C for 60 minutes.
When PEG was used, the tubes were washed four times
in an automated cell washer, after which two drops of AHG
reagent was added. The tubes were then mixed, centrifuged,
and read for agglutination. When LISS or no enhancement
was used, the tubes were centrifuged and read after incubation,
and washed in an automated cell washer four times, followed
by the addition of two drops of AHG reagent. The tubes were
mixed, centrifuged, and read again for agglutination.
When the reactivity persisted, the sample was sent out for
DTT treatment and genotyping. In addition, the results were
compared with those from samples tested from their last dose
of daratumumab (half-life 21 days).
The DTT treatment was done using 0.2 M DTT, which
was prepared by dissolving chemical (powdered) DTT in
phosphate-buffered saline, pH 8.0. The DTT solution was then
divided into 1-mL aliquots that were stored at –18°C.
Prior to DTT treatment, panel cells and control (K–k+)
cells were washed in saline once. Four volumes of 0.2 M DTT
was added to one volume of test RBCs. The tubes were then
mixed well and incubated at 37°C ± 1°C for 30 minutes. After
the incubations, the treated RBCs were washed in normal
saline (pH 7.3) and resuspended to 3–5 percent.
Quality control of the prepared DTT reagent was performed
by testing DTT-treated and -untreated (K–k+) cells with anti-k
antisera to ensure that the DTT was functioning as expected.
The patient’s serum or plasma sample was then tested with
the 0.2 M DTT-treated cells using antibody identification
methods such as tube, gel, or solid-phase.
Genotyping was carried out by our local reference
laboratory (HEA Bead Chip, Immucor) following the
manufacturer’s instructions.
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Results
Of the 33 samples tested, 23 (69.7%) had reactivity in solidphase testing (Table 1). It was noted that 8 of the 10 samples
that did not react by solid phase were collected more than four
half-lives after the last dose of daratumumab. Results of the
remaining two samples were reported as uninterpretable; the
automated solid-phase analyzer generated a report of “results
failed” due to operational error.
The 23 samples with solid-phase reactivity were
then tested with other methods. Sixteen (69.6%) samples
demonstrated loss of panreactivity using common laboratory
methods. There were seven samples in which the reactivity
was not initially eliminated. For the patients associated with
six of these samples, either phenotypically matched blood
from prior testing was provided or the transfusion was no
longer indicated. Only one sample was sent for DTT treatment.
For patient 1, elimination of the interfering reactivity was
seen with the use of LISS on the first sample, and a genotype
was obtained. On testing of the sixth and seventh samples, the
reactivity could not be eliminated, and antigen-negative blood
was provided based on the initial genotyping, eliminating the
need for costly DTT treatment. For samples 8–11, reactivity
was present and was eliminated using common laboratory
methods. On testing of the twelfth sample, the initial solidphase testing was negative; this sample was collected 4.3 halflives from the patient’s last dose.
For patient 2, the interfering reactivity could not be
eliminated in the first sample. There was not enough sample
left to send for DTT treatment, and a redraw could not be
obtained. On testing of the second sample, the reactivity
remained, but a transfusion was no longer clinically indicated.
On testing of samples 3–7, the reactivity was eliminated with
common laboratory methods. The sixth sample required DTT
treatment, and a genotype was performed. On testing the
ninth and tenth samples, the reactivity remained, and antigennegative blood was provided. Because of the implementation
of this study within routine clinical laboratory processes, a
60-minute incubation was not done on these two samples.
The reactivity seen in samples 11–13 was eliminated with
common laboratory methods.
The first sample from patient 3 showed interfering
reactivity, but a transfusion was no longer clinically indicated.
On testing of the second sample, the reactivity was eliminated
with common laboratory methods. The remainder of the
samples were negative by the initial solid-phase testing despite
all of them being collected within two half-lives of the patient’s
last dose.
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Table 1. Results of pre-transfusion testing on samples from patients undergoing daratumumab treatment

Patient
1

2

3

4

Sample
number

Solid-phase*

PEG†§

LISS†§

Panel 3

Panel 1

Panel 2

Panel 3

Panel 1

Panel 2

Panel 3

Incubation‡§

DTT
treatment

Half-lives¶

4+

4+

W+

W+

W+

0

0

0

NT

No

—

2+

3+

0

0

0

0

0

0

NT

No

—

4+

3+

3+

0

0

0

NT

NT

NT

NT

No

—

3+

3+

3+

2+

2+

2+

0

0

0

NT

No

—

5

4+

4+

3+

0

0

0

NT

NT

NT

NT

No

—

6

3+

4+

3+

2+

2+

2+

2+

2+

2+

NT

No

—

7

3+

4+

3+

W+

W+

W+

2+

2+

2+

NT

No

—

8

4+

3+

3+

1+

1+

1

0

0

0

NT

No

—

Panel 1

Panel 2

1

4+

2

3+

3
4

9

3+

3+

2+

0

W+

0

W+

W+

W+

All negative

No

—

10

2+

3+

3+

NT

NT

NT

1+

2

2+

All negative

No

—

11

1+

1+

0

NT

NT

NT

0

0

0

NT

No

3

12

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

4.3

1

3+

4+

3+

2+

1+

W+

2+

2+

2+

W+

No

—

2

3+

3+

1+

1+

1+

1+

1+

1+

1+

NT

No

—

3

3+

3+

3+

0

0

0

NT

NT

NT

NT

No

—

4

3+

4+

3+

W+

1+

0

W+

W+

W+

All negative

No

—

5

3+

3+

2+

2+

W+

1+

1+

W+

W+

All negative

No

—

6

3+

2+

1+

3+

3+

3+

2+

2+

2+

All negative

Yes

—

7

3+

2+

0

0

0

0

NT

NT

NT

NT

No

—

8

3+

2+

0

2+

2+

2+

1+

2+

1+

All positive

No

—

9

1+

2+

2+

W+

1+

1+

W+

W+

W+

NT

No

—

10

3+

3+

3+

1+

W+

1+

0

1+

1+

NT

No

—

11

3+

2+

2+

MF

2+

W+

W+

W+

W+

All negative

No

—

12

4+

3+

3+

0

0

0

0

W+

W+

NT

No

—

13

2+

3+

3+

0

0

0

NT

NT

NT

NT

No

—

1

Results failed

W+

1+

1+

0

1+

1+

W+

No

—

2

Results failed

NT

NT

NT

0

0

0

NT

No

~1

3

0

0

0

0

0

0

NT

NT

NT

NT

No

—

4

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

—

5

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

—

6

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

—

7

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

—

8

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

—

1

0

0

0

NT

NT

NT

NT

NT

NT

NT

No

8

*Initial antibody detection by solid-phase testing using reagent antibody screening cells from three cell lines. Reaction grading results were provided by the
automated solid-phase analyzer’s interpretation algorithm.
†
Additional tube testing using PEG and LISS.
‡
Additional tube testing using 60-minute incubation with no enhancement.
§
Reaction grading results for tube testing were done according to Methods 1–9 in the AABB Technical Manual, 18th ed.10
¶
Number of half-lives since last collected sample.
PEG = polyethylene glycol; LISS = low-ionic-strength saline; DTT = dithiothreitol; W+ = weak positive; NT = not tested; MF = mixed-field reactivity.
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There was only one sample tested from patient 4, and it
was negative on the initial solid-phase screen. Though this
patient’s sample did not have any reactivity by any test method,
the results were included to highlight the relationship between
the timing of daratumumab treatment and the presence of
interfering reactivity. This sample was collected eight halflives from the patient’s last dose.
Conclusions
Here we demonstrate that using multiple standard
laboratory methods may obviate the need for routine
DTT treatment up to 70 percent of the time. Under the
current recommendations, the majority of samples with
daratumumab-related reactivity would have needed either
send-out testing or in-house DTT treatment. We propose that
obtaining a baseline RBC phenotype or genotype from the first
patient sample combined with the use of standard laboratory
methods can be a more efficient and cost-effective strategy
than directly moving to DTT treatment.
Accurate pre-transfusion testing is necessary for patient
safety. Being able to manage samples with daratumumabrelated reactivity in an efficient and cost-effective manner that
still allows for detection of clinically significant alloantibodies is
important for patient care. DTT treatment, although effective,
may add significant cost and increased turnaround time for
patients. Although a complete cost comparison and analysis
is beyond the scope of this report, one can appreciate that for
a laboratory similar to ours, using DTT testing as the primary
method to manage samples with daratumumab-induced
reactivity could prove to be costly. Each laboratory needs to
consider their workflow and patient population to determine if
bringing DTT treatment in-house is cost-effective.

Notice to Readers
Immunohematology is printed on acid-free paper.
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E d u c at i o n a l F o r u m

Applications of selected cells in
immunohematology in a developing country:
case studies
R.C. Dara, A.K. Tiwari, D. Arora, S. Mitra, G. Aggarwal, D.P. Acharya, and G. Bhardwaj

When an antibody is detected, its speciﬁcity should be determined
and its likely clinical signiﬁcance should be assessed. When one
antibody has been identiﬁed, it becomes necessary to confirm
the presence of additional significant antibodies to ensure that
compatible blood is provided to the patient. To perform this
confirmation, specific reagent red blood cells (RBCs) are selected;
these are called selected cells. Though the most common use of
selected cells is for antibody confirmation, they can also be used
for several other immunohematologic applications. In a developing
country like India, the performance of antibody screening for
unexpected antibodies on a routine basis is a comparatively
new phenomenon, and those laboratories performing advanced
immunohematologic testing would need to use selected
cells to arrive at an accurate conclusion. This report defines
selected cells and enumerates sources of these RBCs. Detailed
immunohematologic applications are discussed with applicable
case studies. Immunohematology 2017;33:27–35.

Key Words: selected cells, immunohematology, unexpected
antibody, alloimmunization
When an unexpected antibody is detected in the antibody
screening procedure, its speciﬁcity should be determined
and its likely clinical signiﬁcance should be assessed.1 The
presence of preexisting unexpected red blood cell (RBC)
antibody(ies) in the patient’s medical records makes it all the
more important to perform testing to identify or exclude the
presence of additional antibodies (also referred to as the rulein/rule-out process). Per the British Committee for Standards
in Haematology (BSCH) guidelines and the AABB Standards
for Immunohematology Reference Laboratories, an antibody
speciﬁcity should be assigned only when the patient’s plasma is
reactive with at least two examples of reagent RBCs expressing
the corresponding antigen and is nonreactive with at least two
examples of reagent RBCs lacking this antigen.2,3 When one
antibody has been identiﬁed, it becomes necessary to test for
the presence of additional significant antibody(ies). For this
confirmation, specific reagent RBCs are selected, and these
are called selected cells. It is analogous to having a differential
diagnosis in a clinical setting that is confirmed after routine
and specialized investigations with a method called “approachI M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

to-diagnosis.” Though the most common use of selected cells
is for antibody confirmation, they can also be used for other
immunohematologic applications. In a developing country like
India, the use of antibody screening for unexpected antibodies
on a routine basis is a comparatively new phenomenon, and
those laboratories performing advanced immunohematologic
testing would need to use selected cells to arrive at an accurate
conclusion.4 In this report, we provide definition, sources, and
applications of selected cells along with real-life illustrations
of their use.
Definition
Selected cells are RBCs chosen for use based on their
antigenic make-up. They are most often used to include
and/or exclude clinically significant antibodies to ensure that
the patient receives compatible RBC units. If the patient’s
medical chart reveals previous identification of historical
antibody(ies), all significant antibody specificities should be
honored, and RBCs lacking the corresponding antigen can be
used to assist in the identification of other antibodies.
Characteristics of Selected Cells
• Selected cells are RBCs chosen because they express
some specific antigen(s) and lack others.
• Each selected cell is blood group O or ABO-compatible
with the sample being tested.
• Each selected cell’s antigenic make-up has been
determined.
Sources of Selected Cells
Selected cells can be chosen from:
• Antibody screening cells
• Antibody identification panels
• Extended-cell antibody identification panels (i.e., a
panel with more than 11 cells)
27
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•
•
•
•

Recently expired screening or panel cells
Crossmatched blood donor units
Phenotyped blood donor units
Frozen rare RBC inventory

Antibody Screening Cells
Antibody detection testing is typically performed as part
of pre-transfusion testing. Commercially available reagent
screening RBCs have combinations of Rh-phenotyped R1R1
(DCCee), R2R2 (DccEE), and rr (ccee) cells that can act as
selected cells for confirmation and/or exclusion of common
Rh antibodies. These cells may have double-dose expression
of other common antigens (K, k, Fya, Fyb, Jka, Jkb, S, s, M, N,
P1, Lea, and Leb) and can be used as selected cells to identify or
exclude these respective antibodies.
Antibody Identification Panel
An antibody identification panel is intended for use in the
identification of unexpected RBC antibodies in a sample. This
panel consists of suspensions of group O RBCs from eight or
more donors (commonly 11). Typically, each panel includes
RBCs with one example each of phenotypes R1R1 (DCCee),
R1wR1 (D[C]CwCee), R2R2 (DccEE), r′r (CCee), and r″r (ccEE),
and at least three examples of the phenotype rr (ccee). The
panel also includes at least one donor RBC that is K+, and,
collectively, RBCs with double-dose expression of other
antigens as those on screening cells.2
Extended-Cell Antibody Identification Panel
One important limitation of the antibody identification
panel is that it sometimes does not permit the identification
of multiple antibodies; for example, varied reaction strengths
may occur in the presence of multiple antibodies, making
interpretation of the results challenging. Many manufacturers
also provide extended-cell panels that contain examples of
uncommon phenotypes. Ortho Clinical Diagnostics India
Private Limited in Mumbai, India, offers a primary 11-cell
panel, Panel A, and an extended-cell panel, Panel B. Immucor
India Private Limited in Delhi, India, provides Panocell-20,
which contains 20 reagent RBCs, 9 of which constitute the
extended-cell panel. Typically, extended-cell panels contain
R2R2 RBCs, which help in confirming anti-e, k– RBCs to
help in confirming anti-k, and other cells with uncommon
phenotypes, such as R zR1 and R2r.
Use of these extended-cell panels as selected cells increases
the probability of being able to identify multiple antibodies or
an antibody against a high-prevalence antigen. Laboratories
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should define quality control parameters for checking the
reactivity of expired panel cells.
Recently Expired Screening or Panel Cells
Reactivity of reagent RBCs may decrease with time due
to the deterioration of some RBC antigens. The rate at which
this antigen reactivity is lost depends on individual donor
characteristics, the specific antigen, and storage conditions.5–7
Consequently, as per the manufacturer’s instructions, reagent
RBCs should not be used after their expiration date.
Our center in India uses reagent RBCs beyond their
expiration date as an additional source of selected cells for
antibody identification when appropriate in-date reagent RBCs
are not available; quality control and validation for such use
of these cells is in accordance with the institutional Standard
Operating Procedure (SOP). Each blood center should develop
and follow a policy and procedure for use of expired reagent
panel RBCs as a source of selected cells; quality control and
allowed expiration date should be established according to
BSCH and/or AABB standards, as applicable. Thus, expired
reagent RBCs can be a good and readily available source of
selected cells.5–7
Note on Quality Control
All reagent RBCs should be checked prior to use for signs
of deterioration and/or bacterial contamination, such as
hemolysis, darkening of the RBCs, and spontaneous clumping.
Testing these reagent cells using examples of weak antibodies
can be performed to ensure sensitivity of the test procedure and
the integrity of antigen expression of the reagent RBCs during
storage. Testing weak anti-D (containing anti-D at a level of
less than 0.1 IU/mL) with single-dose D+ cells (R1r or R2r) and
weak anti-Fya with Fy(a+b+) cells is recommended in BSCH
guidelines for quality check of reagent RBCs.2 In addition, at
our center, we perform a quality check of expired panel RBCs
on each day of use by testing a cell lacking an antigen (negative
control) and a cell expressing an antigen known to deteriorate
quickly (positive control).
Crossmatched Blood Donor Units
Crossmatch-compatible and crossmatch-incompatible
units can act as selected cells for confirmation or exclusion of
antibodies.
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Case Study 1
A 49-year-old man diagnosed with end-stage liver disease
was scheduled for liver transplant with a request for 11 units of
RBCs. The immunohematology laboratory received a sample
for pre-transfusion testing—namely, for blood type, antibody
detection, and crossmatch. On immunohematologic studies,
anti-c and anti-E were identified. RBC units that were c–
and E– were crossmatched with the patient’s serum using
antihuman globulin (AHG). Some units were compatible and
some were incompatible, suggesting the presence of another
unexpected antibody.8
Results
Phenotyping of all compatible and incompatible units
was performed for Fy, Jk, S, and s antigens. All compatible
units were found to be c−, E−, Fy(b−); incompatible units were
c−, E−, Fy(b+), suggesting that the third antibody was antiFyb (Table 1). This finding was further confirmed by treating
the RBCs of the incompatible c−, E−, Fy(b+) units with
enzyme (Liquipap, Tulip Diagnostics, Goa, India) and then
crossmatching with the patient’s serum. The enzyme-treated

RBCs were now compatible with the patient’s serum because
Fyb was denatured by the enzyme. The patient’s RBCs typed
as Fy(b–), which was the final step in confirming the presence
of anti-Fyb.
Discussion
In this case, anti-c and anti-E were identified initially
using the 11-cell identification panel, but anti-Fyb was missed.
Anti-Fyb was identified later, at the time of crossmatching c–
and E– units. The RBCs of the crossmatch-compatible and
crossmatch-incompatible units acted as selected cells in this
case.
Anti-Fyb was not identified initially, possibly because of
loss of Fyb (as it is a labile antigen) from the reagent RBCs,
since they were towards the end of their recommended storage
period, or because the antibody was below the detectable level
with the method used. Fya and Fyb tend to elute from RBCs
stored in low pH, low-ionic-strength medium, after prolonged
storage.9 The practice of using appropriate controls (weak
anti-D and weak anti-Fya, as described previously) for in-date
reagent RBCs began thereafter at our institution.

Table 1. Case Study 1: Results of crossmatch-compatible and crossmatch-incompatible RBC units used as selected cells for antibody
identification
Test results
Unit number

c

E

Fya

Fy b

S

s

Jk a

Jk b

IAT

Papain-IAT

28299

0

0

+

0

+

+

+

0

Compatible

NT

28314

0

0

+

0

+

+

+

+

Compatible

NT

28319

0

0

+

0

+

+

+

0

Compatible

NT

28253

0

0

+

0

+

+

+

0

Compatible

NT

28271

0

0

+

0

+

+

+

+

Compatible

NT

28143

0

0

+

0

+

+

+

+

Compatible

NT

28204

0

0

0

+

+

+

+

0

Incompatible

Compatible

28278

0

0

+

+

+

+

+

+

Incompatible

Compatible

28300

0

0

0

+

+

+

+

0

Incompatible

Compatible

28760

0

0

+

+

+

+

+

0

Incompatible

Compatible

RBC = red blood cell; IAT = indirect antiglobulin test; NT = not tested.

Considerations When Choosing Selected Cells

Applications of Selected Cells

Choose the selected cells conservatively. Choose cells that
can help rule out more than one antibody to help conserve
reagents and time. Whenever possible, choose selected cells
that have a strong expression of the antigen being tested (i.e.,
RBCs with apparent double-dose antigen expression).

Four important applications of selected cells are:
• Identification of multiple antibodies
• Identification of additional antibodies in patients with
known alloantibodies
• Determination of antibody titer in isoimmunized
pregnant women with multiple antibodies
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• Identification of underlying alloantibodies by differential
adsorption in patients with warm autoimmune
hemolytic anemia (WAIHA)

identification panel, there was no clear-cut specificity,
suggesting multiple antibodies (Table 2). After performing the
rule-in/rule-out process, three specificities were not excluded:
anti-E, anti-Fya, and anti-Jkb. Selected cells were chosen
from a recently expired panel for differentiation between the
antibodies (Table 3). Anti-E was eliminated by selected cell
number 7, and anti-Fya was eliminated by selected cell number
9. The positive reaction in selected cell number 3 suggested the
presence of anti-Jkb in the sample.

Identification of Multiple Antibodies
Sometimes, the initial antibody identification panel does
not reveal a clear-cut specificity. When multiple antibodies
(specificities) are suspected by the rule-in/rule-out process,
additional testing is needed. Perhaps the simplest next step is
to test with selected cells.

Discussion
This case shows the use of selected cells in the confirmation
and elimination of antibodies when multiple specificities were
suspected. An expired panel (1 month past date) was the
source of selected cells. The reactivity of the expired RBCs
was checked with appropriate controls before use, as per our
center’s SOP. Although low-prevalence antigens, Kpa and Jsa,
could not be evaluated in this testing, they are rare in incidence,
as the name suggests, and should be considered as a last resort
in specificity of exclusion.

Case Study 2
A 33-year-old woman was admitted to the gynecology
department with atypical adenomatous hyperplasia for a
dilation and curettage procedure. She had a history of receiving
2 units of RBCs 1 year earlier for vaginal bleeding. Her
hematocrit on admission was 21.3 percent (normal for females
>36%). Two RBC units were ordered by her gynecologist.
Results
Her blood type was group B, D+, and her pre-transfusion
antibody detection test was positive. Using an 11-cell antibody
Table 2. Case Study 2: Results of 11-cell antibody identification panel

Cell
no.
1

Rh

Kell

Rh

D

C

E

c

e

f

R1r

Cw

V

Duffy

Sexlinked

Kidd

Lewis

MNS

P

Test
Lutheran result

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b Jk a

Jk b

Xga

Lea

Leb

S

s

M

N

P1

Lua

Lub AHG

+

+

0

+

+

0

0

0

0

+

0

+

0

+

+

+

+

+

+

0

+

+

+

+

+

+

0

+

1+

2

R1wR1 +

+

0

0

+

0

+

0

+

+

0

+

0

+

0

+

+

0

+

0

0

+

0

+

0

+

0

+

0

3

R 2R 2

+

0

+

+

0

0

0

0

0

+

0

+

0

+

+

0

+

+

+

0

+

0

+

0

+

+

0

+

1+

4

R0r

+

0

0

+

+

+

0

+

0

+

0

+

0

+

+

0

+

+

0

+

0

+

+

+

0

0

0

+

1+

5

r′r

0

+

0

+

+

+

0

0

0

+

0

+

0

+

0

0

+

0

0

0

+

+

+

+

0

+

0

+

0

6

r″r

0

0

+

+

+

+

0

0

0

+

0

+

0

+

+

+

0

+

+

0

+

0

+

0

+

+

0

+

2+

7

rr

0

0

0

+

+

+

0

0

+

+

0

+

0

+

+

+

+

+

+

0

+

0

+

+

+

0

0

+

1+

8

rr

0

0

0

+

+

+

0

0

0

+

0

+

0

+

0

+

+

0

0

+

0

+

0

+

+

+

+

+

0

9

r′r″

0

+

+

+

+

+

0

0

0

+

0

+

0

+

0

+

+

0

+

0

+

0

+

0

+

+

0

+

0

10

rr

0

0

0

+

+

+

0

0

0

+

0

+

0

+

+

0

+

+

+

0

+

+

0

+

0

+

0

+

1+

11

R1r

+

+

0

+

+

0

0

0

0

+

0

+

0

+

+

+

0

+

+

0

+

+

+

+

+

+

0

+

2+

Patient’s cells

0

AHG = antihuman globulin.
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Table 3. Case Study 2: Results of testing with selected cells*
Rh

Kell

Duffy

Sexlinked

Kidd

Lewis

MNS

P

Test
Lutheran result

Cell
no.

Rh

D

C

E

c

e

f

Cw

V

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b

Jk a

Jk b

Xga

Lea

Leb

S

s

M

N

P1

Lua

Lub AHG

3

rr

0

0

0

+

+

0

0

0

0

+

0

+

0

+

+

+

0

+

+

+

0

+

0

0

+

+

0

+

3+

7

R 2R 2

+

0

+

+

0

0

0

0

0

+

0

+

0

+

0

+

+

0

0

0

+

+

0

+

0

0

0

+

0

9

R1R1

+

+

0

0

+

0

0

0

+

+

0

+

0

+

+

0

+

0

0

0

+

+

+

0

+

+

0

+

0

*Selected cell source: recently expired 11-cell panel.
AHG = antihuman globulin.

Identification of Additional Antibodies
When a patient has a known antibody and the technologist
is attempting to determine if additional antibodies are present,
selected cells (negative for corresponding antigen of known
antibody) are the best tool to use.

18.9% (normal for males >41%). His blood type was group O,
D+ with an unexpected antibody identified as anti-e (Table
4). Typically, e is present on most panel cells (10 out of 11
cells were e+). Therefore, three e– selected cells (R2R2) were
chosen from an extended-cell antibody identification panel for
testing. On testing these cells with the patient’s serum, one cell
was positive and the other two were negative, suggesting the
presence of an additional antibody(ies). After the rule-in/ruleout process was performed, anti-N was suspected (Table 5). To
confirm this antibody specificity, at least one more e–, N+ cell
was required to fulfill the two antigen-positive/two antigennegative rule. One more selected cell (cell number 3: e–, N+)
from an expired panel was chosen and found to be positive
(Table 6). This result confirmed anti-N (showing dosage) along
with anti-e in the patient. Positive reactions with double-dose
cells (M–N+: cell number 15 of an extended-cell panel and cell
number 3 of an expired identification panel, respectively) and
negative reactions with single-dose cells (M+N+: cells number
16 and 17 of the extended-cell panel) confirmed the antibody

Case Study 3
A 16-year-old boy with thalassemia intermedia, who
had received multiple transfusions in the past 15 years from
a tertiary health care center, relocated to a new city and was
referred to a primary care center for blood transfusion. At this
center, he experienced difficulty breathing and pain in his
abdomen during two transfusions before he was referred to
our institution.
Results
His tertiary care center records mentioned that he
was alloimmunized with anti-e. Two units of RBCs were
prescribed by the hematologist because his hematocrit was
Table 4. Case Study 3: Results of 11-cell antibody identification panel

Cell
no.

Rh

Duffy

Sexlinked

Kidd

Lewis

MNS

P

Test
Lutheran result

D

C

E

c

e

f

Cw

V

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b

Jk a

Jk b

Xga

Lea

Leb

S

s

M

N

P1

Lua

Lub AHG

R1wR1 +

+

0

0

+

0

+

0

0

+

0

+

0

+

+

0

0

+

0

0

+

0

+

+

+

+

0

+

3+

2

R1R1

+

+

0

0

+

0

0

0

+

+

0

+

/

+

+

+

+

0

+

0

+

0

+

+

+

+

0

+

3+

3

R 2R 2

+

0

+

+

0

0

0

0

0

+

0

+

/

+

0

+

+

+

+

0

+

0

+

+

+

+

0

+

0

4

R0r

+

0

0

+

+

+

0

+

0

+

0

+

/

0

0

0

+

+

0

0

0

0

+

+

+

s

+

+

3+

5

r′r

0

+

0

+

+

+

0

0

0

+

0

+

/

+

0

+

+

0

+

0

+

+

+

+

+

0

0

+

3+

6

r″r

0

0

+

+

+

+

0

0

+

+

0

+

/

+

0

+

+

+

+

0

+

0

+

+

+

+

0

+

3+

7

rr

0

0

0

+

+

+

0

0

+

+

0

+

/

+

0

+

+

0

+

+

0

+

+

+

+

+

0

+

3+

8

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

+

+

0

+

0

0

+

+

0

0

+

0

0

+

3+

9

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

+

0

0

+

+

0

+

0

+

+

+

+

0

+

3+

10

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

0

+

0

+

+

0

0

+

0

+

0

0

0

+

3+

+

+

0

0

+

0

0

0

0

+

0

+

0

+

0

+

+

0

0

+

0

0

+

0

+

0

+

+

3+

1

Rh

Kell

11 R1R1

Patient’s cells

0

AHG = antihuman globulin.
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Table 5. Case Study 3: Results of testing with selected cells*

Cell
no.

Rh
Rh

Kell

Duffy

Sexlinked

Kidd

Lewis

MNS

P

Test
Lutheran result

D

C

E

c

e

f

Cw

V

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b

Jk a

Jk b

Xga

Lea

Leb

S

s

M

N

P1

Lua

Lub AHG

15 R2R2

+

0

+

+

0

0

0

0

0

+

0

+

0

+

+

0

+

0

+

0

+

+

+

0

+

s

0

+

3+

16 R2R2

+

0

+

+

0

0

0

0

0

+

0

+

/

+

0

+

0

+

0

0

0

+

0

+

+

+

0

+

0

17 R2R2

+

0

+

+

0

0

0

0

0

+

0

+

0

+

0

+

+

+

+

+

0

+

+

+

+

+

0

+

0

P

Test
Lutheran result

*Selected cell source: extended-cell antibody identification panel.
AHG = antihuman globulin.

Table 6. Case Study 3: Results of testing with additional selected cell*

Cell
no.
3

Rh

Kell

Duffy

Kidd

Sexlinked

Lewis

MNS

Rh

D

C

E

c

e

f

Cw

V

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b

Jk a

Jk b

Xga

Lea

Leb

S

s

M

N

P1

Lua

Lub AHG

R 2R 2

+

0

+

+

0

0

0

0

0

+

0

+

0

+

0

+

+

+

+

0

+

+

+

0

+

0

0

+

3+

*Selected cell source: extended-cell antibody identification panel.
AHG = antihuman globulin.

reacted preferentially with double-dose RBCs. It was likely
because of dosage that anti-N was missed in the initial 11cell identification panel (cell number 3: M+N+). Nevertheless,
anti-K and anti-Fya could not be excluded. Units that were
e–N– were transfused with no adverse reaction.
Discussion
In this case, the extended-cell antibody identification panel
played an important role by providing three R2R2 cells, which
helped in identifying the additional antibody. But this testing
was not complete because at least two antigen-positive and two
antigen-negative cells were needed to confirm the specificity.
A e– cell from an expired panel was used for confirmation.
Selected cells from two different sources (an extended-cell
antibody identification panel and a recently expired 11-cell
identification panel) confirmed the antibody identification.
Determination of Antibody Titers
Titration is an important part of prenatal testing in
isoimmunized D– pregnant women. Titration is performed at
regular intervals during pregnancy; the change in titer and/or
score helps decide the need for intervention (i.e., intrauterine
transfusion). The antibody titer is the reciprocal of the highest
serum dilution that causes macroscopic agglutination when
serial dilutions of an antibody are tested against selected
RBCs. Titration is commonly performed for anti-D in Rh
isoimmunized mothers, but many other unexpected antibodies
are also responsible for severe hemolytic disease of the fetus
and newborn and need monitoring by titration.
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Case Study 4
A D– pregnant woman with an obstetric history of only one
living child (gravida 4, para 2) was found to be alloimmunized
with three clinically significant unexpected antibodies: anti-D,
anti-S, and anti-Jkb. Specific antibody titration monitoring
was advised. To perform the titration of each specific antibody,
selected cells were needed that were positive for one antigen
and negative for the other two antigens.
Results
For titration of anti-D, a selected cell was chosen from
an antibody identification panel that was D+, S–, Jk(b–) (cell
number 4: R0r) (Table 7). For titration of anti-S, a selected cell
was chosen from the same antibody identification panel that
was S+, D–, Jk(b–) (cell number 9: rr). For titration of antiJkb, selected cell number 21 from an extended-cell antibody
identification panel (Table 8) was used that was Jk(b+), D–,
S–. Titrations were performed and found to be 64 for anti-D,
128 for anti-S, and 16 for anti-Jkb.
Discussion
In this case, selected cells for the titration of anti-D and
anti-S were chosen from an in-date antibody identification
panel, and an extended-cell antibody identification panel was
used as a source of selected cells for the titration of anti-Jkb.
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Table 7. Case Study 4: Selected cells chosen for titration of anti-D and anti-S in the presence of multiple antibodies*
Rh

Kell

Duffy

Sexlinked

Kidd

Lewis

MNS

P

Lutheran

N

P1

Lua

Lub

+

0

+

0

+

+

+

+

0

0

+

0

+

0

+

0

+

0

+

+

+

+

0

+

+

0

+

+

+

+

0

+

+

0

+

+

+

+

+

0

+

0

+

+

+

+

0

0

0

+

+

+

0

+

0

0

+

+

0

+

0

+

0

+

+

0

+

0

+

0

+

Cell
no.

Rh

D

C

E

c

e

f

Cw

V

K

k

Kpa

Kpb

Jsa

Jsb

Fya

Fy b

Jk a

Jk b

Xga

Lea

Leb

S

s

M

1

R R1

+

+

0

0

+

0

+

0

0

+

0

+

/

+

0

+

+

+

+

0

+

0

+

2

R1R1

+

+

0

0

+

0

0

0

0

+

0

+

/

+

+

+

0

+

+

0

+

+

3

R 2R 2

+

0

+

+

0

0

0

0

+

+

0

+

0

+

0

+

+

+

0

0

+

+

4

R0r

+

0

0

+

+

+

0

+

0

+

0

+

/

+

+

0

+

0

+

0

0

5

r′r

0

+

0

+

+

+

0

0

0

+

0

+

/

+

0

+

+

+

+

0

6

r″r

0

0

+

+

+

+

0

0

+

+

0

+

0

+

0

+

+

+

+

7

rr

0

0

0

+

+

+

0

0

0

+

0

+

0

+

0

+

+

0

0

8

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

+

+

0

+

9

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

+

0

+

w
1

10

rr

0

0

0

+

+

+

0

0

0

+

0

+

/

+

0

+

+

0

+

0

0

+

+

0

+

+

+

+

11

R1wR1

+

+

0

0

+

0

+

0

+

+

0

+

/

+

0

+

0

+

+

+

0

+

+

+

0

+

0

+

P

Lutheran

N

P1

Lua

Lub

*Selected cell source: in-date antibody identification panel.

Table 8. Case Study 4: Selected cells chosen for titration of anti-Jkb in the presence of multiple antibodies*
Rh

Kell

Cell
no.

Rh

D

C

E

c

e

12

R 2R 2

+

0

+

+

13

R 2R 2

+

0

+

+

14

R 2R 2

+

0

+

15

R0r

+

0

16

r′r

0

17

r″r

0

18

R zR1

19

Duffy

f

C

w

V

K

k

Kp

b

Jk

a

Jk

0

0

0

0

0

+

0

+

/

+

0

0

0

0

0

+

0

+

+

+

0

+

+

+

+

+

+

0

+

+

+

0

0

0

+

0

+

0

+

0

+

0

+

+

+

0

+

+

+

0

+

0

+

0

+

/

+

0

0

+

+

0

+

+

+

0

0

0

+

0

+

0

+

+

+

+

0

0

0

+

0

+

/

+

0

+

0

+

0

+

+

+

+

0

+

0

0

0

+

0

+

0

+

0

R 2r

+

0

+

+

+

+

0

0

0

+

0

+

/

+

+

20

rr

0

0

0

+

+

+

0

0

0

+

21

r′r

0

+

0

+

+

+

0

0

0

+

+

+

/

+

+

0

+

/

+

0

22

R1R1

+

+

0

0

+

0

0

0

+

0

0

+

/

+

0

+

a

Kp

b

Js

a

Js

b

Fy

a

Fy

Sexlinked

Kidd

Xg

Lewis
S

s

M

0

+

0

+

+

0

+

0

+

0

+

0

+

+

+

0

0

+

0

0

+

+

0

+

0

+

0

+

0

+

0

0

0

+

+

+

+

0

+

+

+

+

0

+

+

+

+

+

+

+

+

+

0

+

+

0

0

+

0

+

+

0

+

+

+

0

0

0

+

+

+

+

0

0

0

+

+

0

+

+

+

0

+

0

0

+

+

0

+

0

0

+

+

0

+

+

0

+

0

+

0

+

+

0

+

+

0

+

0

+

0

+

0

0

+

0

+

+

+

0

+

+

+

0

+

0

+

a

Le

a

Le

MNS
b

b

*Selected cell source: extended-cell antibody identification panel.

Identification of Underlying Alloantibodies by
Differential Adsorption
In WAIHA, autoantibodies may interfere in pretransfusion testing. These RBC autoantibodies present in the
patient’s serum, potentially react with all cells on the antibody
identification panel, giving a panreactive picture and making
unexpected alloantibody identification complex. Many times,
these patients are anemic, and there are not enough autologous
RBCs available to perform autoadsorption, or the patient has
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been recently transfused (within 3 months), which precludes
autoadsorption. In these cases, differential adsorption is used.
For this method, the patient’s serum sample is divided
into three aliquots. Each aliquot is adsorbed with a different
cell of known phenotype. Usually, one cell is R1R1, one is R2R2,
and the third is rr. Among these three cells, one cell should be
negative for Jka, another negative for Jkb, and the third negative
for K. The cells should be treated with an enzyme to render
them negative for antigens in the Duffy and MNS systems.10
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Case Study 5
A patient with warm AIHA, whose autoantibody was
causing agglutination with all 11 cells on the initial antibody
identification panel, was admitted for symptomatic anemia.
To identify or exclude alloantibodies being masked by the
autoantibody, adsorption of the patient’s autoantibody was
needed. Autoadsorption was not possible, since there was
not enough blood sample available (patient’s hemoglobin was
6 g/dL; normal for males >13 g/dL; females >12 g/dL), and
there was history of recent transfusion (15 days earlier). An
alloadsorption was planned.

Jkb. Finding R1R1 and rr RBCs was easy, but finding R2R2
RBCs was difficult. R1R1 RBCs were obtained from a freshly
phenotyped unit of blood, and R2R2 and rr RBCs were obtained
from institutional rare donor inventory. After alloadsorption,
anti-E was identified as an unexpected antibody, which was
masked by the autoantibody reacting at 37°C (Table 9).
Discussion
In this case, selected cells were used as a source for
autoantibody adsorption. These selected cells were obtained
from phenotyped donor units and institutional rare donor
inventory, respectively.

Results
R1R1, R2R2, and rr cells were identified. Among these three
cells, R1R1 was negative for Jka and K, and rr was negative for
Table 9. Case Study 5: Selected cells chosen for differential adsorption
Rh
Cell no.

Rh

D

C

E

1

R1R1

+

+

2

R 2R 2

+

0

3

rr

0

0

0

Kell

Duffy

e

K

k

Fy

0

0

+

0

+

+

0

0

+

0

+

+

0

0

+

+

0

+

+

0

+

+

+

+

0

+

+

0

+

Selected cells have several important applications in
immunohematology, such as confirming or eliminating
the specificity of an antibody when multiple antibodies are
suspected in routine testing, titrating antibodies in pregnant
women, and performing a differential adsorption for patients
with warm AIHA. Any cell from an in-date or out-dated, 11cell or extended-cell panel can be used as a selected cell.
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Fy

b

Jk

Lewis

c
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Kidd

a

a

Jk

b

Le

a

MNS
Le

M

N

+

0

+

+

0

+

b

S

s

+

0

+

+

+

+

0

0

+
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blood group alleles, papers on molecular testing, and papers on
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NIH Annual Symposiums
September 27, 2017
7th Annual Red Cell Genotyping Symposium: Red Cell Genotyping 2017: Patient Safety
The Department of Transfusion Medicine, Clinical Center, National Institutes of Health (NIH), and the BloodCenter of Wisconsin
are co-hosting this symposium on the NIH campus in Bethesda, MD. For information, registration fee, and advance registration,
contact Phyllis Kirchner, BloodCenter of Wisconsin, P.O. Box 2178, Milwaukee, WI 53021-2178, e-mail: Phyllis.Kirchner@bcw.edu
or visit the Web site: www.bcw.edu/rcg2017.
September 28, 2017
36th Annual Immunohematology and Blood Transfusion Symposium
The Department of Transfusion Medicine, Clinical Center, National Institutes of Health (NIH), and the American Red Cross
are co-hosting this symposium on the NIH campus in Bethesda, MD. There is no registration fee, but advance registration is
encouraged. Contact Karen Byrne, NIH/CC/DTM, Bldg. 10/Rm. 1C711, 10 Center Drive, MSC 1184, Bethesda, MD 208921184, e-mail: kbyrne@cc.nih.gov or visit the Web site: http://www.cc.nih.gov/dtm/research/symposium.html.
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The Johns Hopkins Hospital Specialist in Blood Bank Technology Program
The Johns Hopkins Hospital was founded in 1889. It is located in Baltimore, MD, on the original founding site, just 45
minutes from Washington, DC. There are approximately 1,000 inpatient beds and another 1,200 outpatient visits daily;
nearly 600,000 patients are treated each year.
The Johns Hopkins Hospital Transfusion Medicine Division is one of the busiest in the country and can provide
opportunities to perform tasks that represent the entire spectrum of Immunohematology and Transfusion Medicine
practice. It provides comprehensive support to all routine and specialized areas of care for surgery, oncology, cardiac,
obstetrics, neonatal and pediatric, solid organ and bone marrow transplant, therapeutic apheresis, and patients with
hematological disorders to name a few. Our intradepartment Immunohematology Reference Laboratory provides
resolution of complex serologic problems, transfusion management, platelet antibody, and molecular genotype testing.
The Johns Hopkins Hospital Specialist in Blood Bank Technology Program is an onsite work-study, graduate-level
training program for certified Medical Technologists, Medical Laboratory Scientists, and Technologists in Blood Banking
with at least 2 years of full-time Blood Bank experience.
The variety of patients, the size, and the general intellectual environment of the hospital provide excellent opportunities
for training in Blood Banking. It is a challenging program that will prepare competent and knowledgeable graduates who
will be able to effectively apply practical and theoretical skills in a variety of employment settings. The Johns Hopkins
Hospital Specialist in Blood Bank Technology Program is accredited by the Commission on Accreditation of Allied
Health Education Programs (CAAHEP). Please visit our Web site at http://pathology.jhu.edu/department/divisions/
transfusion/sbb.cfm for additional information.
Contact:	Lorraine N. Blagg, MA, MLS(ASCP)CMSBB
Program Director
E-mail: lblagg1@jhmi.edu
Phone: (410) 502-9584
The Johns Hopkins Hospital
Department of Pathology
Division of Transfusion Medicine
Sheikh Zayed Tower, Room 3100
1800 Orleans Street
Baltimore, MD 21287
Phone (410) 955-6580
Fax (410) 955-0618
Web site: http://pathology.jhu.edu/department/divisions/transfusion/index.cfm
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Masters of Science (MSc) in Transfusion and Transplantation Sciences
at the University of Bristol, England
Applications are invited from medical or science graduates for the Master of Science (MSc) degree in
Transfusion and Transplantation Sciences at the University of Bristol. The course starts in October
2017 and will last for 1 year. A part-time option lasting 2 or 3 years is also available. There may also
be opportunities to continue studies for PhD or MD following the MSc. The syllabus is organized
jointly by the Bristol Institute for Transfusion Sciences and the University of Bristol, Department of
Pathology and Microbiology. It includes:
• Scientific principles of transfusion and transplantation
• Clinical applications of these principles
• Practical techniques in transfusion and transplantation
• Principles of study design and biostatistics
• An original research project
Application can also be made for a Diploma in Transfusion and Transplantation Sciences or a Certificate
in Transfusion and Transplantation Sciences.
The course is accredited by the Institute of Biomedical Sciences.
Further information can be obtained from the Web site:
http://ibgrl.blood.co.uk/MSc/MscHome.htm
For further details and application forms, please contact:
Dr. Patricia Denning-Kendall
University of Bristol
Paul O’Gorman Lifeline Centre
Department of Pathology and Microbiology
Southmead Hospital
Westbury-on-Trym, Bristol BS10 5NB, England
Fax +44 1179 595 342, Telephone +44 1779 595 455, e-mail: p.a.denning-kendall@bristol.ac.uk
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Online Specialist in Blood Bank (SBB)
Certificate and Masters in Clinical Laboratory
Management Program
Rush University
College of Health Sciences
Continue to work and earn graduate credit while the Rush University SBB/MS program prepares
you for the SBB exam and the Diplomat in Laboratory Management (DLM) exam given by ASCP
Board of Certification! (Please note acceptable clinical experience is required for these exams.)
Rush University offers online graduate level courses to help you achieve your career goals.
Several curricular options are available. The SBB/MS program at Rush University is currently accepting
applications for Fall 2017. For additional information and requirements, please visit our Web site
at: www.rushu.rush.edu/cls/
Rush University is fully accredited by the Higher Learning Commission (HLC) of the North Central
Association of Colleges and Schools, and the SBB Certificate Program is accredited by the
Commission on Accreditation of Allied Health Education Programs (CAAHEP).
Applications for the SBB/MS Program can be submitted online at the following Web site:
http://www.rushu.rush.edu/admiss/hlthadm.html
Contact: Yolanda Sanchez, MS, MLS(ASCP)CMSBB, Director, by e-mail at Yolanda_Sanchez@rush.edu
or by phone at 312-942-2402 or Denise Harmening, PhD, MT(ASCP), Director of Curriculum,
by e-mail at Denise_Harmening@rush.edu
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Becoming a Specialist in Blood Banking (SBB)
What is a certified Specialist in Blood Banking (SBB)?
• Someone with educational and work experience qualifications who successfully passes the American Society for Clinical Pathology
(ASCP) board of registry (BOR) examination for the Specialist in Blood Banking.
• This person will have advanced knowledge, skills, and abilities in the field of transfusion medicine and blood banking.
Individuals who have an SBB certification serve in many areas of transfusion medicine:
• Serve as regulatory, technical, procedural, and research advisors
• Perform and direct administrative functions
• Develop, validate, implement, and perform laboratory procedures
• Analyze quality issues preparing and implementing corrective actions to prevent and document issues
• Design and present educational programs
• Provide technical and scientific training in transfusion medicine
• Conduct research in transfusion medicine
Who are SBBs?
Supervisors of Transfusion Services
Supervisors of Reference Laboratories
Quality Assurance Officers
Why become an SBB?
Professional growth

Managers of Blood Centers
Research Scientists
Technical Representatives

Job placement

Job satisfaction

LIS Coordinators
Consumer Safety Officers
Reference Lab Specialists

Educators

Career advancement

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

American Red Cross Blood Services

Pomona, CA

Florida

Academic Center at OneBlood

St. Petersburg, FL

Illinois

Rush University

Chicago, IL

Indiana

Indiana Blood Center

Indianapolis, IN

Louisiana

University Medical Center New Orleans

New Orleans, LA

Maryland

National Institutes of Health Clinical Center

Bethesda, MD

The Johns Hopkins Hospital

Baltimore, MD

Walter Reed National Military Medical Center

Bethesda, MD

University Health System and Affiliates School of Blood Bank Technology

San Antonio, TX

University of Texas Medical Branch

Galveston, TX

BloodCenter of Wisconsin

Milwaukee, WI

Texas

Wisconsin

Revised October 2016
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National Reference Laboratory
for Specialized Testing
Diagnostic testing for:
•
•
•
•
•

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

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

further information, contact:

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

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

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

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

further information, contact:

Platelet Serology Laboratory (215) 451-4205

Neutrophil Serology Laboratory (651) 291-6797

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

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

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

American Red Cross Biomedical Services
Neutrophil Serology Laboratory
100 South Robert Street
St. Paul, MN 55107
CLIA licensed

I M M U N O H E M ATO LO GY, Vo l u m e 3 3 , N u m b e r 1, 2 017

Advertisements, cont.

Reference and Consultation Services
Antibody identification and problem resolution
HLA-A, B, C, and DR typing
HLA-disease association typing
Paternity testing/DNA

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

F or

infor mation , c ontac t :

Mehdizadeh Kashi

F or

additional infor mation c ontac t :

Sandra Nance (215) 451-4362

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

Sandra.Nance@redcross.org

Tissue Typing Laboratory

or write to:

American Red Cross Biomedical Services

American Red Cross Biomedical Services
Musser Blood Center

Pacific Northwest Region

700 Spring Garden Street

3131 North Vancouver
Portland, OR 97227

Philadelphia, PA 19123-3594
ATTN: Sandra Nance

CLIA licensed, ASHI accredited

CLIA licensed

Donor IgA Screening

National Reference Laboratory
for Blood Group Serology

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

additional infor mation :

Kathy Kaherl
at (860) 678-2764
e-mail:
Katherine.Kaherl@redcross.org
or write to:
Reference Laboratory
American Red Cross Biomedical Services
Connecticut Region
209 Farmington Avenue
Farmington, CT 06032
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Immunohematology
Instructions for Authors | New Blood Group Allele Reports
A. For describing an allele that has not been described in a peer-reviewed publication and for which an allele name or provisional allele name has been assigned by the
ISBT Working Party on Blood Group Allele Terminology (http://www.isbtweb.org/working-parties/red-cell-immunogenetics-and-blood-group-terminology/blood-groupterminology/blood-group-allele-terminology/)
B. Preparation
1. Title: Allele Name (Allele Detail)
ex. RHCE*01.01 (RHCE*ce48C)
2. Author Names (initials and last name of each [no degrees, ALL CAPS])
C. Text
1. Case Report
i.

Clinical and immunohematologic data

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

Allele Name

Nucleotide(s)

Exon(s)

Amino Acid(s)

Allele Detail

References

e weak

RHCE*01.01

48G>C

1

Trp16Cys

RHCE*ce48C

1

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

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

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

II. SCIENTIFIC ARTICLE, REVIEW, OR CASE REPORT WITH
LITERATURE REVIEW
A. Each component of the manuscript must start on a new page in the following
order:
1. Title page
2. Abstract
3. Text
4. Acknowledgments
5. References
6. Author information
7. Tables
8. Figures
B. Preparation of manuscript
1. Title page
a. Full title of manuscript with only first letter of first word capitalized (bold
title)
b. Initials and last name of each author (no degrees; ALL CAPS), e.g., M.T.
JONES, J.H. BROWN, AND S.R. SMITH
c. Running title of ≤40 characters, including spaces
d. Three to ten key words
2. Abstract
a. One paragraph, no longer than 300 words
b. Purpose, methods, findings, and conclusion of study
3. Key words
a. List under abstract
4. Text (serial pages): Most manuscripts can usually, but not necessarily, be divided
into sections (as described below). Survey results and review papers may need
individualized sections
a. Introduction — Purpose and rationale for study, including pertinent
background references
b. Case Report (if indicated by study) — Clinical and/or hematologic data and
background serology/molecular
c. Materials and Methods — Selection and number of subjects, samples, items,
etc., studied and description of appropriate controls, procedures, methods,
equipment, reagents, etc. Equipment and reagents should be identified in
parentheses by model or lot and manufacturer’s name, city, and state. Do not
use patients’ names or hospital numbers.
d. Results — Presentation of concise and sequential results, referring to
pertinent tables and/or figures, if applicable
e. Discussion — Implication and limitations of the study, links to other studies; if
appropriate, link conclusions to purpose of study as stated in introduction
5. Acknowledgments: Acknowledge those who have made substantial contributions
to the study, including secretarial assistance; list any grants.
6. References
a. In text, use superscript, Arabic numbers.
b. Number references consecutively in the order they occur in the text.
7. Tables
a. Head each with a brief title; capitalize the first letter of first word (e.g., Table
1. Results of…) and use no punctuation at the end of the title.
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b. Use short headings for each column needed and capitalize first letter of first
word. Omit vertical lines.
c. Place explanation in footnotes (sequence: *, †, ‡, §, ¶, **, ††).
8. Figures
a. Figures can be submitted either by e-mail or as photographs (5 ×7″ glossy).
b. Place caption for a figure on a separate page (e.g., Fig. 1 Results of…),
ending with a period. If figure is submitted as a glossy, place first author’s
name and figure number on back of each glossy submitted.
c. When plotting points on a figure, use the following symbols if possible:
l l s s n n.
9. Author information
a. List first name, middle initial, last name, highest degree, position held,
institution and department, and complete address (including ZIP code) for all
authors. List country when applicable. Provide e-mail addresses of all authors.

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

IV. LETTER TO THE EDITOR
A. Preparation
1. Heading (To the Editor)
2. Title (first word capitalized)
3. Text (written in letter [paragraph] format)
4. Author(s) (type flush right; for first author: name, degree, institution, address
[including city, state, ZIP code, and country]; for other authors: name, degree,
institution, city and state)
5. References (limited to ten)
6. Table or figure (limited to one)
Send all manuscripts by e-mail to immuno@redcross.org
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