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My BB/transfusion service provides care to
how many SCD patients per month?
1. None (at least that your informed of)
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Case Presentation
 14 year old female with sickle cell disease (SCD) transferred

from Hughes Spalding to Egleston for unresponsive left arm
pain due to a moderate sized joint effusion
 Of note, she had been admitted on 3 separate occasions in the

last 2 weeks for vaso-occlusive crisis and possible acute chest
syndrome
 The patient was also being evaluated for possible

inflammatory bowel disease after findings of abdominal
lymphadenopathy on CT and a positive stool guaiac were
noted on a recent admission
 GI was planning upper and lower endoscopies
 Procedures to take place at Egleston, type and screen and RBCs

ordered
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 Hemoglobin 8.8 g/dl

Case Presentation: Transfusion History
 Phenotype
C

E

c

e

K

k

0

0

+

+

+

+

Fya Fyb
0

0

Jka

Jkb

+

0

Lea Leb
0

0

P1

M

N

S

s

+

+

+

0

+

 Prior to 2/27/2012, the patient had negative antibody screens at

Grady/Hughes Spalding and she was receiving C-E- and HbS
negative units (total of 5 RBCs from 4/2011-11/2011)
 On 2/27/2012, Egleston identified and ARC confirmed an e-like

antibody which was not able to be classified as auto or
alloimmune
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 Suspicion for an anti-hrB
 Referred for molecular testing
 Human erythrocyte antigen (HEA)
 RHCE genotyping

Case Presentation: Transfusion History
 With this information unbeknownst to Grady Blood Bank, the

patient was admitted to Hughes Spalding, and type and
screen request for transfusion of one unit pRBCs was sent
 Because of the e-like antibody, Grady issued units that were

C- e -Fya- Jkb- and HbS negative
 6/27/2012: new alloantibody identified
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Case Presentation: Molecular Results
 Patient was confirmed to be a partial c, partial e, and hrB negative

 New unit requirements: C- E- hrB- Fya- Jkb- and HbS negative
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Case Presentation Learning Points
 Not only is alloimmunization complex, but also is the infrastructure of our

health care systems

 Leads to gaps in communication which are potentially harmful for patient care

 Importance of

red cell
molecular
testing for
multiply
transfused,
alloimmunized
SCD patients
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Objectives
 Review alloimmunization rates and pathobiology, unit

selection and phenotype matching for transfusion of patients
with sickle cell disease
 Discuss the role of red blood cell genotyping for patients with

sickle cell disease
 Introduce the creation and use of a registry for patients with

sickle cell disease within the Atlanta Sickle Cell Consortium
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Alloimmunization Rates
and Pathobiology
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Alloimmunization in SCD

 Much of what we know about the natural history of

alloimmunization in SCD originated from this 158 patient cohort of
patients from Children’s Hospital Oakland (1978-1985)
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Alloimmunization in SCD
 Vichinsky et al concluded that the risk of alloimmunization is

greater in patients receiving transfusions for sickle cell anemia
than in patients receiving transfusions for other chronic disease
 Cooperative Study of Sickle Cell Disease demonstrated a 18%

alloimmunization rate from 741 patients with SCD transfused before
entry
 18.2% of patients developed alloantibodies who had not been transfused

 Recommended that all patients with SCD who undergo transfusion

be matched with donors for red cell antigens commonly
associated with alloimmunization and DHTRs
 Based upon supporting data from Ambruso et al
 Prospective phenotype matching for 17 blood group antigens reduced
alloimmunization 10 fold in 12 SCD patients
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Vichinsky EP. N Engl J Med 1990, 322: 1617-1621
Rosse WF. Blood 1990, 76: 1431-1437
Ambruso DR. Transfusion 1987, 27: 94-98

Alloimmunization in SCD
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Alloimmunization in SCD: 30 Years Later
 As part of the PROACTIVE Feasibility Study, transfusion histories

were obtained from 237 pediatric (51.5%) and adult (48.5%)
patients at 26 centers participating in the Sickle Cell Disease
Clinical Research Network
 Of the 237 subjects, 7.1% had alloimmunization cited as a reason for

exclusion
 >75% of patients had been transfused

 The alloimmunization rates of heavily transfused subjects was no different in
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either adult or pediatric patients
Miller ST. Transfusion 2012, epub ahead of print

Alloimmunization in SCD: 30 Years Later
 When participating centers were surveyed about blood bank

and transfusion practices, the following was reported
 9 of 11 (82%) centers performed RBC phenotyping
 19 of 23 (83%) centers antigen matched beyond ABO/Rh and

known antibodies
 3 only if one or more antibodies were known
 1 center on a “case by case basis”

 Interestingly, there was no difference in antibody prevalence

between the 4 centers who did not routinely provide antigen
matched blood (13.7%) and those that did (14.8%)
 No additional difference between C, E, K versus extended matching
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Alloimmunization with
Chronic Transfusion
 Wahl et al recently reported alloimmunization rates in 45

pediatric patients on chronic transfusion therapy at
Children’s Hospital and Research Center Oakland
 22 erythrocytapheresis (ECP)/RBC exchange
 23 simple transfusion

 Similar to 2 recent reports, alloimmunization rates were lower

in the ECP group
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RBC Alloimmunization Pathobiology
 Alloimmunization to erythrocytes involves multiple steps

including:
 RBC antigen recognition, processing, and presentation by

HLA class II to T-cell receptors
 Activation of CD4 helper T cells
 Interaction of T and B cells
 B-cell differentiation into plasma cells
 Murine and human studies have shown that the process can

be modulated at each step through both acquired and
genetic factors; however, the clinical relevance of these
factors in SCD have not been completely elucidated
16

RBC Alloimmunization Pathobiology:
RBC Antigen Factors
 Antigenic differences between donor and recipient RBCs are

requisite for the initial trigger for alloimmunization
 In the US, alloimmunization rates for patients with SCD range from 20-

50% in comparison to 6.1% and 2.6% in Uganda and Jamaica,
respectively
 Antigenic differences between donors and SCD patients have

three levels of complexity
Prevalence of some common but highly immunogenic antigens
differs substantially between donors and transfusion recipients
2. Transfusion of Rh compatible units does not entirely prevent the
risk of alloimmunization because of the prevalence of Rh variants
found in persons of African descent
3. High Incidence Antigens
1.
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Difference In Minor Antigen Prevalence
between Racially Different Pairs
Antigen
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Additional Antigen
Difference Complexity
 Rh variant antigens account for the second level of antigenic

complexity between donor and patient RBCs
Antigen

% in white donors

% in black recipients
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 Partial alleles are most often not recognized until an

alloantibody has formed due to the limitations of serologic
phenotyping
 The third level of antigenic complexity between SCD patients

and donor RBCs arises when the recipient lacks a high
incidence antigen
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RBC Alloimmunization Pathobiology:
Individual Specific Factors
 Similar to platelet antigen alloimmunization, the HLA class II

genotype of the patient has been shown to be a predictor of a
patient’s responder status
 For example, HLA-DRB1*1503 has been associated with increased risk

of alloimmunization while HLA-DRB1*0901 appears to be protective

 Data from mouse models also demonstrates that T regulatory cells

(Treg) inhibit the magnitude and frequency of alloimmunization
 Patients with weaker Treg activity are unable to suppress antibody

production compared with non-responders

 Demonstrated in a small cohort of chronically transfused SCD patients from

Uganda

 May also be other immune factors such as T-cell subgroups,

increased levels of circulating cytokines (TGF-b and IL-6) that play
a role in RBC alloimmunization
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RBC Alloimmunization Pathobiology:
SCD Specific Factors
 One of the main features of SCD is a chronic inflammatory state
 Evidenced by increased levels of CRP and inflammatory cytokines (IL1,

IL-6, INF-g), as well as increased WBC counts
 In mouse models, certain pro-inflammatory stimuli enhance

alloimmunization
 Hendrickson et al demonstrated RBC consumption by splenic and

hepatic dendritic cells which are potent inducers of alloimmunization
 Published literature also has demonstrated that a previous febrile

non-hemolytic transfusion reaction was associated with an
increased risk of RBC alloimmunization
 Although findings have not been specifically confirmed in SCD
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RBC Alloimmunization Pathobiology:
SCD Specific Factors
 Other unknown SCD factors
 It is unknown whether alloimmunization rates differ depending

on the presence or absence of clinical complications of SCD,
frequency of transfusion, or age at first transfusion
 For example, is vaso-occlusive crisis, which is associated with increased

inflammatory markers, have an altered alloimmunization potential?
 Or are children who are chronically transfused have less inflammation that
may be responsible for lower rates of alloimmunization?
 Or does starting chronic transfusion at a younger age induce immune
tolerance and therefore lower rates of alloimmunization?

 Identification of genetic markers predictive of immunization
 It has been shown that a polymorphism in the immunoregulatory TRIM21
gene, which is in close proximity to the b-globin locus, is associated with
an increased rate of SCD alloimmunization especially in early childhood
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RBC Alloimmunization Pathobiology:
Hypothetical Schema
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RBC Phenotype Matching
Protocols and Outcomes
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Prospective Antigen Matching Protocols
 Prospective phenotype matching started in single centers as early

as 1987, but were not widely adopted until the early 2000s
following publication of the STOP trial
 Stroke Prevention Trial in Sickle Cell Anemia was a multicenter

randomized controlled trial comparing stroke risk in patients
randomized to transfusion (n=63) versus standard arm (n=67)
 Patients were required to receive C-E-K- matched units

 Standard Arm
 3%/unit
 Transfusion Arm
 0.5%/unit
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Recommendations for
Prospective Antigen Matching
 NIH “Guidelines” were last

updated in 2002 and endorsed
the recommendation from the
STOP trial
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Prospective Antigen Matching Protocols
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