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   Erythrocyte alloimmunization is a major bar rier to trans fu sion in sickle cell dis ease (SCD) because it can lead to trans fu-
sion dead lock and the devel op ment of life - threat en ing hemo lytic trans fu sion reac tions (HTRs). Several risk fac tors have 
been iden ti fi ed, such as blood group poly mor phism in these patients of Afri can ances try fre quently exposed to anti gens 
they do not carry and an infl am ma tory clin i cal state of the dis ease. The most impor tant pre ven tive mea sure is pro phy lac-
tic red blood cell anti gen matching, and there is a con sen sus that matching for Rh (D, C, E, c, e) and K anti gens should be 
performed for all  SCD patients. However, some patients are high respond ers and more at risk of devel op ing antibodies 
and HTRs. For these patients, the exten sion of matching to other blood groups, includ ing var i ant anti gens of the RH 
blood group, the use of genotyping rather than serol ogy to char ac ter ize sig nifi   cant blood groups, and the pro phy lac tic 
admin is tra tion of immu no sup pres sive treat ments remain a mat ter of debate due to low lev els of cer tainty concerning 
their effects and the dif fi  culty of deter min ing which patients, other than those already immu nized, are at high risk. These 
issues were recently addressed by a panel of experts established by the Amer i can Society of Hematology. Here, we 
review and strat ify the var i ous inter ven tions for pre vent ing alloimmunization, based on the lit er a ture and our expe ri ence 
and tak ing into account the obsta cles to their implementation and any future devel op ments required.  

   LEARNING OBJECTIVES 
   •    Describe the par tic u lar i ties of blood groups at risk for immu ni za tion in SCD patients 
  •    Understand the advan tages of genotyping over phenotyping for blood group matching 
  •    Understand strat i fi ed pro phy lac tic blood group matching and immu no sup pres sive ther apy based on the poten tial 

risks of immu ni za tion and HTR  

  CLINICAL CASE 
 A 30 - year - old man with sickle cell dis ease (SCD) was 
sched uled for a sec ond hip replace ment. His red blood 
cell (RBC) phe no type was D +  C +  E −  c +  e + , K −  Fya −  b − , 
Jkb − , S − . He had had 2 pre vi ous trans fu sions. The sec ond 
had taken place 3 years ear lier, dur ing his fi rst hip replace-
ment, with 2 RBC units matched for ABO, E, and K, and 
it had led to post trans fu sion hyperhemolysis with anti - C 
and anti - Jkb antibodies. Molecular ana ly ses showed that 
the patient car ried an  RHCE*CeRN  allele, known to be 
asso ci ated with par tial C anti gen and a risk fac tor for 
anti - C alloimmunization. Preoperative trans fu sion was 
required on the day of sur gery due to the risk of bleed-
ing and a low base line hemo glo bin (Hb) con cen tra tion 
(7   g / dL). Pretransfusion screen ing detected only anti - C 
antibodies. A trans fu sion pro to col and premedication to 
pre vent anti - Jkb restimulation, new immu ni za tion, and 

hyperhemolysis were discussed. It was decided to pro-
vide sero log i cally crossmatched extended - match RBCs 
(C - E - Fya - Jkb - S−). Rituximab (1000   mg) was admin is tered 
30 and 15 days before sur gery. No adverse trans fu sion 
reac tions occurred, and the patient was discharged 10 
days after sur gery. 

 Background and ques tions raised by this case 
 Transfusion ther apy remains impor tant for treating and pre-
vent ing symp toms in SCD patients. It may, how ever, be 
com pli cated by RBC alloimmunization and hemo lytic trans-
fu sion reac tion (HTR), 1  which can be life - threat en ing if hyper-
hemolysis occurs. 2,3    Alloimmunization is also associated with 
delay in providing compatible blood due to the complexity 
of screening tests and with the risk of hemolytic disease of 
the newborn. 4  Preventing alloimmunization is thus a ma-
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jor challenge in SCD. Alloimmunization is associated with blood 
group mismatches between blood donors and patients, most of 
whom are of African ancestry.5 In the case presented, the patient 
previously developed anti-C because he carries a partial C anti
gen. The anti-C was directed against the C epitopes absent from 
his own RBCs. He was likely exposed to conventional C from a 
Caucasian donor, as well as to Jkb, which is commonly expressed 
by donors of European descent. Inflammation associated with the 
surgical procedure was another risk factor for alloimmunization 
in this patient.6 Neither the primary immunization nor the partial 
C status had been known or considered in the previous transfu
sion. Fortunately, not all patients develop antibodies in mismatch 
situations. Some patients receive hundreds of RBC units without 
ever developing a single antibody. This patient was probably a 
high responder, accounting for the recommendation of extended 
phenotyping and preventive medication for the new transfusion 
episode. This case addresses many issues about the prevention 
of alloimmunization and its associated complications, such as the 
need for pretransfusion extended RBC antigen typing and the 
importance of blood group genotyping, transfusion protocols 
adapted to both the immunization and clinical status of the pa-
tient, and preventive immunosuppressive treatments. Alloimmu-
nization management differs between countries, according to the 
ability of laboratories to perform an immunohematological work-
up, the prevailing policies concerning donor and recipient typing, 
and the availability of matched RBCs for implementing the recom-
mended protocols.7 The American Society of Hematology (ASH) 
guidelines provide specific indications for managing alloimmuni-
zation, but most of the recommendations are conditional due to 
the paucity of evidence or low levels of certainty, given that most 
studies are observational and retrospective (Table 1).8

Blood groups involved in alloimmunization in SCD 
Blood group mismatching between donors of European de-
scent and patients of African descent constitutes a major risk for 
alloimmunization. Common antigens are heterogeneously dis
tributed between these 2 groups, with some (eg, C and E, Jkb, 
Fya, Fyb, and S) less frequent in SCD patients than donors. Pa-
tients also have high frequencies of blood group variants, espe
cially for the RH system (Figure 1). As in our case, up to 22% of 
patients carry partial RH antigens, associated with a nonnegligi-
ble risk of immunization against epitopes they do not express.9-11 
These variants account for Rh alloimmunization despite antigen 
matching for Rh(D, C, E, c, e).12 Some antigens are expressed 
by all but a very small proportion of the population. The ab-
sence of these high-frequency antigens characterizes rare RBC 
phenotypes, several of which occur in individuals of African de-
scent: eg, U−, Hr−, HrB−, Sec−, and CEVF−. Transfusion exposes 
carriers of rare phenotypes to high-frequency antigens, with a 
variable risk of developing the corresponding antibody, caus
ing transfusion deadlock. Moreover, some antigens expressed 
only in individuals of African ancestry, and therefore considered 
“low-frequency” antigens in the European population, are also 
involved in blood group polymorphism. They can cause alloim-
munization in SCD patients receiving RBCs from donors of Afri
can ancestry. The associated antibodies are frequently unde
tectable in the standard pretransfusion screening test. Panels 
of RBCs differ between hospital transfusion services and may or 
may not be able to detect these alloantibodies.13,14

The data from different studies on the specificity of the anti-
bodies found in patients are consistent with these blood group 
characteristics of patients. However, the incidence of alloimmu-
nization ranges from 4.4% to 76%.15 This disparity reflects dif

Table 1. ASH guidelines discussed in this review8

Questions Recommendations Grading of  
recommendations Remarks

Red blood cell antigen 
profile obtained 
before transfusion

ASH suggests:
an extended RBC antigen profile for 

ABO/RhD C/c/E/e K Jka/Jkb, Fya/Fyb, 
M/N S/s at the earliest opportunity

Conditional recommenda
tion based on very low 
certainty in the evidence 
about effects

Availability to all hospitals
Genotyping preferred over serologic 

phenotyping, especially for Fyb deci
sion matching and C partial character
ization

ABO/RhD-matched 
RBCs versus extended 
matching

ASH recommends:
prophylactic RBC antigen matching for 

ABO/RhD and Rh(C, E or C/c, E/e)

Strong recommendation 
based on moderate cer
tainty in the evidence 
about effects

Extended red blood cell matching 
(Jka/Jkb, Fya/Fyb, S/s) may provide 
further protection

Partial C should be transfused with  
C-negative

Use of immunosuppres
sive therapy

ASH suggests:
immunosuppressive therapy for high risk 

of AHTR or severe history of DHTR

Conditional recommenda
tion based on very low 
certainty in the evidence 
about effects

A shared decision-making process is 
critical

Transfusion of pregnant 
patients with SCD

ASH suggests:
either prophylactic transfusion at regular 

intervals or standard care (when  
clinically indicated)

Conditional recommenda
tion based on very low 
certainty in the evidence 
about effects

Insufficient evidence to recommend a 
strategy of prophylactic transfusion 
rather than standard care

Preoperative transfusion ASH suggests:
preoperative transfusion over no preop

erative transfusion in patients requiring 
general anesthesia lasting longer than 
1 hour

Conditional recommenda
tion based on very low 
certainty in the evidence 
about effects

Case-by-case decision according to risk 
level of surgery, baseline total Hb, dis
ease severity

AHTR, acute hemolytic transfusion reaction.
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ferences in phenotype-matching transfusion protocols, the use 
of leukocyte-reduced blood, adult and pediatric populations, 
transfusion indications, the clinical status of the patient, and 
transfusion methods. Many studies have confirmed a higher risk 
for episodic transfusions, the first transfusion after the age of 5, 
and transfusion during inflammatory events or in the presence of 
autoantibodies.6,15-18

Is pretransfusion extended red blood cell antigen 
profiling beneficial in SCD patients?
The ASH guidelines (Table 1) suggest obtaining an extended RBC 
antigen profile in addition to ABO/RhD typing, as soon as possi
ble, for all patients with SCD. This profile should include at least 
C/c, E/e, K, Fya/Fyb, Jka/Jkb, M/N, and S/s. We perform extended 
phenotyping, and now systematic RH genotyping as well, at the 
initial assessment of each patient.10 This initial analysis detects all 
the negative and partial Rh antigens and some of the rare blood 
phenotypes mentioned above.19 In the event of alloimmunization 
in a recently transfused patient, this pheno/genotype is imme
diately made available, making it possible to resolve complex 
polyimmunization situations more rapidly. In accordance with 
the ASH guidelines, it is essential that this pheno/genotype be 
shared between the various centers managing the patient.

What are the advantages of genotyping over serology?
Genotyping provides information about a larger number of 
blood groups, including specific features inaccessible by serol
ogy for some (Figure 1). It is also more accurate than commercial 
phenotyping reagents, particularly for Fyb and partial C antigens, 
for example.20 The case presented, with a partial C antigen, pro
vides a perfect illustration. The most common partial C antigen 
in SCD patients, due to the RHD*DIIIa-CE (4-7)-D or RHCE*CeRN 
allele, has only slightly weaker expression, which may be missed 
on standard phenotyping. In the absence of genotyping, par
tial C antigens may therefore be missed, potentially leading to  
anti-C antibody formation. Over the last decade, genotyping has 
been performed on C+ SCD patients in France and has resulted 
in a sharp decrease in anti-C antibody formation in patients with 
partial C antigens, demonstrating the benefits of following ASH 
guidelines.10,11 Genotyping strategies for SCD patients are usu
ally designed to detect only the most common variants, based 
on well-known polymorphisms,21 to ensure cost-effectiveness, 
and such strategies are accurate in most patients. More com
prehensive and dependable methods may become available in 
the future,22,23 but unless they can be performed cheaply, com
bined serology and genotyping will remain the most reliable 
approach.

Figure 1. Characteristics of the main blood groups in SCD patients and their identification. This figure shows the 5 blood group 
systems most frequently involved in alloimmunization. The following are shown for each blood group: blue, the common antigens 
rarely expressed; green, the partial antigens; black, the low-frequency antigens most frequently expressed; red, the high-frequency 
antigens most frequently absent (rare blood groups). They can be identified by serology  and genotyping  or genotyping alone.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/689/1851831/689pirenne.pdf by guest on 23 April 2024



692  |  Hematology 2021  |  ASH Education Program

Table 2. Current and potential immunosuppressive treatments to avoid alloimmunization

Currently used in 
transfusion Mechanism of action Transfusion (in vitro studies 

and mouse models) Indications in transfusion

Rituximab Anti-CD20
Targets B cells

Prevention of erythrocyte 
alloimmunization32

Prevention of immunization in patients at risk 
and for additional transfusion in active DHTR 
patients

Bortezomib Proteasome inhibitor
Targets metabolically active cells 

including plasma cells

Prevention of erythrocyte 
alloimmunization33

Prevention of immunization in patients at risk 
and for additional transfusion in active DHTR 
patients

IVIG Immune complexes Treatment of immune erythrocyte hemolysis40

Corticosteroids Anti-inflammatory Treatment of immune erythrocyte hemolysis40

Potentially useful 
in transfusion Current indications in medicine

Belatacept CTLA4-Ig
Targets CD80 and CD86. Inhibition of 

Tfh-dependent antibody response 
through CD28 costimulation blockade

Prevention of platelet 
alloimmunization34

Kidney transplantation

Belimumab Anti-BAFF
Targets B cell

No studies in transfusion Lupus

Daratumumab Anti-CD38
Targets plasma cells

No studies in transfusion Multiple myeloma

Tofacitinib JAK inhibitor
Targets JAK family of kinases involved in 

proinflammatory cytokine production 
and cytokine receptor activation

No studies in transfusion Rheumatoid arthritis

Quinine Small heme binding molecule
Targets heme derivatives; in B cells, 

upregulates heme oxygenase 1 and 
inhibits B-cell maturation

Prevention of erythrocyte 
alloimmunization35,36

Malaria

What matching should be used for transfused patients?
The ASH guidelines strongly recommend prophylactic Rh(C, E 
or C/c, E/e) and K antigen matching, in preference to ABO/RhD 
matching alone, for patients with SCD (Table 1). There is a con
sensus on this first level of prevention, limited to the most 
immunogenic antigens. The high incidence of Rh and K antibod-
ies in most studies strongly supports this recommendation.15,24 
The next step is extending matching to other blood groups. 
The ASH guidelines state that extended RBC antigen matching 
(Jka/Jkb, Fya/Fyb, S/s) may provide further protection. Howev-
er, such matching is not possible for every patient because it 
requires sufficient pheno/genotyped units from donors of Afri
can ancestry and would be of limited benefit for the many pa-
tients who are never immunized. The indications must, there
fore, be hierarchical. Patients already producing antibodies can 
be considered high responders, at high risk of producing addi
tional antibodies.25 Such patients would benefit from extend-
ed matching. Our patient initially developed anti-C and anti-Jkb 
antibodies after transfusion. This drove the decision to extend 
matching to Jkb-negative RBCs, to prevent restimulation, and 
to Fya and S-negative cells, for the prevention of new immu
nization. The clinical status of the patient should also be con
sidered in decisions about prophylactic matching. Chronically 
transfused patients in a steady state who are already immu
nized have a lower risk of developing new antibodies than pa-
tients undergoing occasional transfusions for acute conditions.6 
For the former, phenocompatibility may be limited to the anti-
bodies produced, as for non-SCD patients undergoing transfu

sion. The ASH guidelines do not differentiate acute and chronic 
transfusion regimens. Because of the limited resource of phe-
no/genotyped RBCs, the practice we have implemented is to 
transfuse immunized patients in an acute condition with RBCs 
matched for all FY, JK, and Ss antigens but to transfuse patients 
in a chronic transfusion program (likely in a steady state) match-
ing only for the blood group for which the patient has already 
produced an antibody.

The place of Rh variants in the matching strategy is also a 
key issue. The ASH guidelines limit matching recommendations 
to patients with partial C antigens. But what about other vari
ants? Partial C antigens are the most common in SCD patients, 
present in 1 in 3 C+ SCD patients.11 However, 1 in 6 SCD patients 
also have a partial D antigen, and about 1 in 15 have a partial 
e antigen.9,10 These partial antigens are associated with a high 
risk of antibody formation and HTRs.9,10,19,26,27 Our strategy also 
aims to prevent antibody formation in carriers of partial D and 
e antigens by genotyping all SCD patients for common partial 
RH antigens and providing antigen-negative RBCs for transfu
sion before the occurrence of alloimmunization.10 This prophy
lactic genotyping strategy for RH is shared by others,28 but 
it remains challenging due to the requirement of additional 
D-negative or e-negative donors. The risk/benefit ratio of 
such strategies may, nevertheless, be favorable.

When and how to use immunosuppressive therapy
The ASH guidelines suggest the use of rituximab in patients with 
an acute need for transfusion at high risk of acute HTR or with a 
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Table 3.  How best to avoid the problem of alloimmunization in SCD

Donors 1. Promotion of donation among donors of African ancestry

2. Extended pheno/genotype of donors

Blood units 3. Tag blood units from donors of African ancestry to direct them specifically to SCD centers

SCD patients 4. Extended pheno/genotype at first opportunity

5. Sensitive pretransfusion screening test including research of antibodies against low-prevalence antigens

6. Repeated screening tests after transfusion to detect primary immunization

7. Keep a well-maintained transfusion file available to all hospitals

Technical developments 8. Development of low-cost genotyping methods

Transfusion indications 9. Judicious transfusion indication in high-risk patients

Research 10. Parameters characterizing low and high responders before first transfusion

11. Revisiting parameters of clinical significance of erythrocyte antibodies

12. Determination of clinically significant RH variants to consider

13. Mechanism of alloimmunization and possible intervention with immunosuppressive drugs

14. �Impact of RBC product characteristics besides Ag matching on alloimmunization (age, microparticles, other  
components)

15. �Optimal RBC products to decrease the need for transfusion and exposure (improved oxygen delivery and life 
span, role of G6PD deficiency and sickle trait in donors)

16. Development of new treatments for SCD (gene therapy, new molecules)

Few* Transfusions

Immuniza�on

DHTR History
With or Without

Immuniza�on

No DHTR History

High Risk

Matching for: 
Rh(D,C,E,c,e)/K 

Par�al Rh
Jka/jkb, Fya/Fyb, S/s

+ Rituximab

Unknown Risk

Matching for: 
Rh(D,C,E,c,e)/K 

Par�al Rh

Intermediate Risk

Matching for: 
Rh(D,C,E,c,e)/K 

Par�al Rh
Jka/jkb, Fya/Fyb,S/s

Yes No 

Many* Transfusions 

Low Risk of
Immuniza�on

and DHTR

Matching for: 
Rh(D,C,E,c,e)/K 
Extended to Ab 
Specificity
If Immuniza�on

Unknown
Risk

DHTR History No DHTR History

Preven�ve
Measures: 
Case by Case 
Decision

Not Known

Pre-Transfusion
Screening Test 

Matching for: 
Rh(D,C,E,c,e)/K
Par�al Rh

Matching for : 
Rh(D,C,E,c,e)/K 
Par�al Rh
Jka/jkb, Fya/Fyb, S/s

Nega�ve Posi�ve

Unknown Risk

Transfusion History
A

CB

Figure 2. Stratification of preventive measures for patients undergoing occasional transfusions. Preventive measures are recom-
mended according to the risk of developing a new alloimmunization and DHTR, a risk that is itself evaluated from the patient’s history 
of immunization and DHTR. Three situations are considered: (A) known history, with many transfusions in the past; (B) known history 
but with few transfusions in the past, and finally; (C) history unknown. In (C), the protocol may be based exclusively on the screening 
test result, with a risk that previous antibodies will be missed. *For (A) and (B), the cutoff between many and few transfusions is based 
on published data concerning the mean number of RBCs transfused at which the first antibody appears and on the risk being higher 
below 13 units. Few studies have addressed this issue, which remains a matter of debate. A count of 13 RBCs transfused is routinely 
used as the cutoff at our center.
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history of multiple or life-threatening delayed HTRs (DHTR). We 
recently reported our experience of rituximab use in 58 adult SCD 
patients with a history of DHTR.29 This treatment is recommend-
ed based on a shared decision-making process for the transfu
sion of patients at high risk of developing antibodies and DHTR.30 
For scheduled surgery, two 1000-mg infusions are administered 
15 days apart, and corticosteroids, usually administered with rit-
uximab to prevent rituximab-induced adverse reactions, are lim
ited to 10 mg to prevent triggering vaso-occlusive complications. 
In combination with extended matching, this treatment prevent-
ed severe intravascular hemolysis in all patients following transfu
sion, except in cases of acute DHTR, despite a decrease in trans
fusion yield with time in some patients. Efficacy was much lower 
for rituximab administered for new transfusions in patients with 
active DHTR. No new antibody production was detected in this 
study. French and ASH guidelines are concordant, but additional 
prospective studies are required to confirm the efficacy of this 
treatment. Bortezomib, a proteasome inhibitor, has also been 
used to prevent alloimmunization.31 A number of other molecules, 
targeting different stages of alloimmunization and already used in 
other antibody-dependent diseases or B- and plasma cell-associ
ated diseases (Table 2), could be considered in the future.

Should we restrict the access of high-risk patients to 
transfusion based on benefit/risk ratios?
Two clinical situations are considered in the ASH guidelines (Ta-
ble 1). For the first—pregnant women with SCD—ASH guidelines 
suggest prophylactic transfusion or standard care (transfusion 
when clinically indicated for a complication). For the second—
patients with SCD undergoing surgery lasting more than 1 hour 
under general anesthesia—ASH guidelines suggest that preop
erative transfusion should be preferred over no transfusion.

The risks of alloimmunization and DHTR are significantly higher 
in patients receiving occasional transfusions—for example, in the 
clinical situations mentioned above. A prospective study identi
fied having received few transfusions in the past, alloimmuniza-
tion, and previous DHTR as risk factors.37 However, infrequent 
transfusion is less of a risk in itself than the resulting lack of knowl
edge regarding the risk relative to patients transfused frequently 
with no adverse reaction. Indeed, responder status is unknown 
in patients who have received few transfusions. For this reason, 
the benefit/risk ratio should always be considered whenever 
transfusion is indicated, particularly for occasional transfusions. 
In 1 series of 99 cases of DHTR, 33% of the patients were preg
nant, and 33% had received intraoperative transfusions.38 All had 
received very few previous transfusions (<13 units). Other mea
sures, such as hydroxyurea and erythropoietin treatments, may 
therefore be important to overcome the need for transfusion.

We designed a score for stratifying DHTR risk in adults and 
the associated preventive interventions.37 In this study the score 
attributed to a history of DHTR probably underestimated the 
magnitude of the risk because patients with a history of DHTR had 
rarely undergone retransfusion.37 At our sickle cell center, indica
tions for preventive transfusion in high-risk patients are considered 
on a case-by-case basis. For example, preventive transfusions are 
never performed in patients undergoing cholecystectomy but 
may be performed for hip replacement surgery in patients with 
low baseline Hb concentrations, as in our case, and extended RBC 
matching and rituximab are recommended in this setting.

Final remarks
Preventing alloimmunization in SCD remains a real challenge. 
Prophylactic Rh(C, E or C/c, E/e) and K matching for trans
fusion is consensual, but other preventive measures remain 
a matter of debate due to a lack of strong evidence and cer
tainty in many studies. Additional preventive measures may 
be specific, such as extended antigen matching and geno
type matching for RH variants, or nonspecific, such as the 
introduction of immunosuppressive treatment.39 However, 
the main problem is our inability to identify patients likely to 
become immune and to develop a reaction at first presen
tation. Transfusion history is essential for risk assessment. It 
is essential to distinguish between 2 situations: chronically 
transfused patients and patients receiving occasional trans
fusions, for whom a higher risk has been demonstrated. Fig-
ure 2 shows an attempt at preventive measure stratification 
for patients undergoing occasional transfusions, once trans
fusion avoidance has been considered, based on recommen
dations and experience. The preventive measures proposed 
range from RH/K matching only to extended RH/K pheno/ 
genotyping plus rituximab. However, the application of these 
measures requires pheno/genotyped blood from donors of 
African ancestry. Table 3 also summarizes possible measures for 
preventing alloimmunization, with many areas of investigation 
remaining open. Altogether, prevention of alloimmunization is 
an important step toward preventing posttransfusion hemoly
sis, the most frightening and underrecognized reaction to trans
fusion in SCD. Follow-up of transfusion to diagnose these reac
tions with a proactive approach, including HbA assessment, 
and the management of hemolysis are 2 other very important 
issues. See the accompanying article by Hendrickson.41
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