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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 chal lenge in SCD. Alloimmunization is asso ci ated with blood 
group mis matches between blood donors and patients, most of 
whom are of Afri can ances try.5 In the case presented, the patient 
pre vi ously devel oped anti-C because he car ries a par tial C anti-
gen. The anti-C was directed against the C epi topes absent from 
his own RBCs. He was likely exposed to con ven tional C from a 
Cau ca sian donor, as well as to Jkb, which is com monly expressed 
by donors of Euro pean descent. Inflammation asso ci ated with the 
sur gi cal pro ce dure was another risk fac tor for alloimmunization 
in this patient.6 Neither the pri mary immu ni za tion nor the par tial 
C sta tus had been known or con sid ered in the pre vi ous trans fu-
sion. Fortunately, not all  patients develop antibodies in mis match 
sit u a tions. Some patients receive hun dreds of RBC units with out 
ever devel op ing a sin gle anti body. This patient was prob a bly a 
high responder, account ing for the rec om men da tion of extended 
phenotyping and pre ven tive med i ca tion for the new trans fu sion 
epi sode. This case addresses many issues about the pre ven tion 
of alloimmunization and its asso ci ated com pli ca tions, such as the 
need for pretransfusion extended RBC anti gen typ ing and the 
impor tance of blood group genotyping, trans fu sion pro to cols 
adapted to both the immu ni za tion and clin i cal sta tus of the pa-
tient, and pre ven tive immu no sup pres sive treat ments. Alloimmu-
nization man age ment dif fers between countries, according to the 
abil ity of lab o ra to ries to per form an immu no he ma to log i cal work-
up, the prevailing pol i cies concerning donor and recip i ent typ ing, 
and the avail abil ity of matched RBCs for implementing the recom-
mended pro to cols.7 The Amer i can Society of Hematology (ASH) 
guide lines pro vide spe cific indi ca tions for man ag ing alloimmuni-
zation, but most of the rec om men da tions are con di tional due to 
the pau city of evi dence or low lev els of cer tainty, given that most 
stud ies are obser va tional and ret ro spec tive (Table 1).8

Blood groups involved in alloimmunization in SCD 
Blood group mismatching between donors of Euro pean de-
scent and patients of Afri can descent con sti tutes a major risk for 
alloimmunization. Common anti gens are het ero ge neously dis-
trib uted between these 2 groups, with some (eg, C and E, Jkb, 
Fya, Fyb, and S) less fre quent in SCD patients than donors. Pa-
tients also have high fre quen cies of blood group var i ants, espe-
cially for the RH sys tem (Figure 1). As in our case, up to 22% of 
patients carry par tial RH anti gens, asso ci ated with a nonnegligi-
ble risk of immu ni za tion against epi topes they do not express.9-11 
These var i ants account for Rh alloimmunization despite anti gen 
matching for Rh(D, C, E, c, e).12 Some anti gens are expressed 
by all  but a very small pro por tion of the pop u la tion. The ab-
sence of these high-fre quency anti gens char ac ter izes rare RBC 
phe no types, sev eral of which occur in indi vid u als of Afri can de-
scent: eg, U−, Hr−, HrB−, Sec−, and CEVF−. Transfusion exposes 
car ri ers of rare phe no types to high-fre quency anti gens, with a 
var i able risk of devel op ing the cor re spond ing anti body, caus-
ing trans fu sion dead lock. Moreover, some anti gens expressed 
only in indi vid u als of Afri can ances try, and there fore con sid ered 
“low-fre quency” anti gens in the Euro pean pop u la tion, are also 
involved in blood group poly mor phism. They can cause alloim-
munization in SCD patients receiv ing RBCs from donors of Afri-
can ances try. The asso ci ated antibodies are fre quently unde-
tect able in the stan dard pretransfusion screen ing test. Panels 
of RBCs dif fer between hos pi tal trans fu sion ser vices and may or 
may not be  able to detect these alloantibodies.13,14

The data from dif fer ent stud ies on the spec i fic ity of the anti-
bodies found in patients are con sis tent with these blood group 
char ac ter is tics of patients. However, the inci dence of alloimmu-
nization ranges from 4.4% to 76%.15 This dis par ity reflects dif-

Table 1. ASH guide lines discussed in this review8

Questions Recommendations Grading of  
rec om men da tions Remarks

Red blood cell anti gen 
pro file obtained 
before trans fu sion

ASH sug gests:
an extended RBC anti gen pro file for 

ABO/RhD C/c/E/e K Jka/Jkb, Fya/Fyb, 
M/N S/s at the ear li est oppor tu nity

Conditional rec om men da-
tion based on very low 
cer tainty in the evi dence 
about effects

Availability to all  hos pi tals
Genotyping pre ferred over sero logic 

phenotyping, espe cially for Fyb deci-
sion matching and C par tial char ac ter-
iza tion

ABO/RhD-matched 
RBCs ver sus extended 
matching

ASH rec om mends:
pro phy lac tic RBC anti gen matching for 

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

Strong rec om men da tion 
based on mod er ate cer-
tainty in the evi dence 
about effects

Extended red blood cell matching 
(Jka/Jkb, Fya/Fyb, S/s) may pro vide 
fur ther pro tec tion

Partial C should be trans fused with  
C-neg a tive

Use of immu no sup pres-
sive ther apy

ASH sug gests:
immu no sup pres sive ther apy for high risk 

of AHTR or severe his tory of DHTR

Conditional rec om men da-
tion based on very low 
cer tainty in the evi dence 
about effects

A shared deci sion-mak ing pro cess is 
crit i cal

Transfusion of preg nant 
patients with SCD

ASH sug gests:
either pro phy lac tic trans fu sion at reg u lar 

inter vals or stan dard care (when  
clin i cally indi cated)

Conditional rec om men da-
tion based on very low 
cer tainty in the evi dence 
about effects

Insufficient evi dence to rec om mend a 
strat egy of pro phy lac tic trans fu sion 
rather than stan dard care

Preoperative trans fu sion ASH sug gests:
pre op er a tive trans fu sion over no pre op-

er a tive trans fu sion in patients requir ing 
gen eral anes the sia last ing lon ger than 
1 hour

Conditional rec om men da-
tion based on very low 
cer tainty in the evi dence 
about effects

Case-by-case deci sion according to risk 
level of sur gery, base line total Hb, dis-
ease sever ity

AHTR, acute hemo lytic trans fu sion reac tion.
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fer ences in phe no type-matching trans fu sion pro to cols, the use 
of leu ko cyte-reduced blood, adult and pedi at ric pop u la tions, 
trans fu sion indi ca tions, the clin i cal sta tus of the patient, and 
trans fu sion meth ods. Many stud ies have con firmed a higher risk 
for epi sodic trans fu sions, the first trans fu sion after the age of 5, 
and trans fu sion dur ing inflam ma tory events or in the pres ence of 
autoantibodies.6,15-18

Is pretransfusion extended red blood cell anti gen 
pro fil ing ben e fi cial in SCD patients?
The ASH guide lines (Table 1) sug gest obtaining an extended RBC 
anti gen pro file in addi tion to ABO/RhD typ ing, as soon as pos si-
ble, for all  patients with SCD. This pro file should include at least 
C/c, E/e, K, Fya/Fyb, Jka/Jkb, M/N, and S/s. We per form extended 
phenotyping, and now sys tem atic RH genotyping as well, at the 
ini tial assess ment of each patient.10 This ini tial anal y sis detects all  
the neg a tive and par tial Rh anti gens and some of the rare blood 
phe no types men tioned above.19 In the event of alloimmunization 
in a recently trans fused patient, this pheno/geno type is imme-
di ately made avail  able, mak ing it pos si ble to resolve com plex 
polyimmunization sit u a tions more rap idly. In accor dance with 
the ASH guide lines, it is essen tial that this pheno/geno type be 
shared between the var i ous cen ters man ag ing the patient.

What are the advan tages of genotyping over serol ogy?
Genotyping pro vi des infor ma tion about a larger num ber of 
blood groups, includ ing spe cific fea tures inac ces si ble by serol-
ogy for some (Figure 1). It is also more accu rate than com mer cial 
phenotyping reagents, par tic u larly for Fyb and par tial C anti gens, 
for exam ple.20 The case presented, with a par tial C anti gen, pro-
vi des a per fect illus tra tion. The most com mon par tial C anti gen 
in SCD patients, due to the RHD*DIIIa-CE (4-7)-D or RHCE*CeRN 
allele, has only slightly weaker expres sion, which may be missed 
on stan dard phenotyping. In the absence of genotyping, par-
tial C anti gens may there fore be missed, poten tially lead ing to  
anti-C anti body for ma tion. Over the last decade, genotyping has 
been performed on C+ SCD patients in France and has resulted 
in a sharp decrease in anti-C anti body for ma tion in patients with 
par tial C anti gens, dem on strat ing the ben e fits of fol low ing ASH 
guide lines.10,11 Genotyping strat e gies for SCD patients are usu-
ally designed to detect only the most com mon var i ants, based 
on well-known poly mor phisms,21 to ensure cost-effec tive ness, 
and such strat e gies are accu rate in most patients. More com-
pre hen sive and depend able meth ods may become avail  able in 
the future,22,23 but unless they can be performed cheaply, com-
bined serol ogy and genotyping will remain the most reli able 
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.
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Table 2. Current and poten tial immu no sup pres sive treat ments to avoid alloimmunization

Currently used in 
trans fu sion Mechanism of action Transfusion (in vitro stud ies 

and mouse mod els) Indications in trans fu sion

Rituximab Anti-CD20
Targets B cells

Prevention of eryth ro cyte 
alloimmunization32

Prevention of immu ni za tion in patients at risk 
and for addi tional trans fu sion in active DHTR 
patients

Bortezomib Proteasome inhib i tor
Targets met a bol i cally active cells 

includ ing plasma cells

Prevention of eryth ro cyte 
alloimmunization33

Prevention of immu ni za tion in patients at risk 
and for addi tional trans fu sion in active DHTR 
patients

IVIG Immune complexes Treatment of immune eryth ro cyte hemo ly sis40

Corticosteroids Anti-inflam ma tory Treatment of immune eryth ro cyte hemo ly sis40

Potentially use ful 
in trans fu sion Current indi ca tions in med i cine

Belatacept CTLA4-Ig
Targets CD80 and CD86. Inhibition of 

Tfh-depen dent anti body response 
through CD28 costimulation block ade

Prevention of plate let 
alloimmunization34

Kidney trans plan ta tion

Belimumab Anti-BAFF
Targets B cell

No stud ies in trans fu sion Lupus

Daratumumab Anti-CD38
Targets plasma cells

No stud ies in trans fu sion Multiple mye loma

Tofacitinib JAK inhib i tor
Targets JAK fam ily of kinases involved in 

proinflammatory cyto kine pro duc tion 
and cyto kine recep tor acti va tion

No stud ies in trans fu sion Rheumatoid arthri tis

Quinine Small heme bind ing mol e cule
Targets heme deriv a tives; in B cells, 

upregulates heme oxygenase 1 and 
inhib its B-cell mat u ra tion

Prevention of eryth ro cyte 
alloimmunization35,36

Malaria

What matching should be used for trans fused patients?
The ASH guide lines strongly rec om mend pro phy lac tic Rh(C, E 
or C/c, E/e) and K anti gen matching, in pref er ence to ABO/RhD 
matching alone, for patients with SCD (Table 1). There is a con-
sen sus on this first level of pre ven tion, lim ited to the most 
immu no genic anti gens. The high inci dence of Rh and K antibod-
ies in most stud ies strongly sup ports this rec om men da tion.15,24 
The next step is extending matching to other blood groups. 
The ASH guide lines state that extended RBC anti gen matching 
(Jka/Jkb, Fya/Fyb, S/s) may pro vide fur ther pro tec tion. Howev-
er, such matching is not pos si ble for every patient because it 
requires suf fi cient pheno/genotyped units from donors of Afri-
can ances try and would be of lim ited ben e fit for the many pa-
tients who are never immu nized. The indi ca tions must, there-
fore, be hier ar chi cal. Patients already pro duc ing antibodies can 
be con sid ered high respond ers, at high risk of pro duc ing addi-
tional antibodies.25 Such patients would ben e fit from extend-
ed matching. Our patient ini tially devel oped anti-C and anti-Jkb 
antibodies after trans fu sion. This drove the deci sion to extend 
matching to Jkb-neg a tive RBCs, to pre vent restimulation, and 
to Fya and S-neg a tive cells, for the pre ven tion of new immu-
ni za tion. The clin i cal sta tus of the patient should also be con-
sid ered in deci sions about pro phy lac tic matching. Chronically 
trans fused patients in a steady state who are already immu-
nized have a lower risk of devel op ing new antibodies than pa-
tients under go ing occa sional trans fu sions for acute con di tions.6 
For the for mer, phenocompatibility may be lim ited to the anti-
bodies pro duced, as for non-SCD patients under go ing trans fu-

sion. The ASH guide lines do not dif fer en ti ate acute and chronic 
trans fu sion reg i mens. Because of the lim ited resource of phe-
no/genotyped RBCs, the prac tice we have implemented is to 
trans fuse immu nized patients in an acute con di tion with RBCs 
matched for all  FY, JK, and Ss anti gens but to trans fuse patients 
in a chronic trans fu sion pro gram (likely in a steady state) match-
ing only for the blood group for which the patient has already 
pro duced an anti body.

The place of Rh var i ants in the matching strat egy is also a 
key issue. The ASH guide lines limit matching rec om men da tions 
to patients with par tial C anti gens. But what about other var i-
ants? Partial C anti gens are the most com mon in SCD patients, 
pres ent in 1 in 3 C+ SCD patients.11 However, 1 in 6 SCD patients 
also have a par tial D anti gen, and about 1 in 15 have a par tial 
e anti gen.9,10 These par tial anti gens are asso ci ated with a high 
risk of anti body for ma tion and HTRs.9,10,19,26,27 Our strat egy also 
aims to pre vent anti body for ma tion in car ri ers of par tial D and 
e anti gens by genotyping all  SCD patients for com mon par tial 
RH anti gens and pro vid ing anti gen-neg a tive RBCs for trans fu-
sion before the occur rence of alloimmunization.10 This pro phy-
lac tic genotyping strat egy for RH is shared by oth ers,28 but 
it remains chal leng ing due to the require ment of addi tional 
D-neg a tive or e-neg a tive donors. The risk/ben e fit ratio of 
such strat e gies may, nev er the less, be favor able.

When and how to use immu no sup pres sive ther apy
The ASH guide lines sug gest the use of rituximab in patients with 
an acute need for trans fu sion at high risk of acute HTR or with a 
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Table 3. How best to avoid the prob lem of alloimmunization in SCD

Donors 1. Promotion of dona tion among donors of Afri can ances try

2. Extended pheno/geno type of donors

Blood units 3. Tag blood units from donors of Afri can ances try to direct them spe cifi  cally to SCD cen ters

SCD patients 4. Extended pheno/geno type at first oppor tu nity

5. Sensitive pretransfusion screen ing test includ ing research of antibodies against low-prev a lence anti gens

6. Repeated screen ing tests after trans fu sion to detect pri mary immu ni za tion

7. Keep a well-maintained trans fu sion file avail  able to all  hos pi tals

Technical devel op ments 8. Development of low-cost genotyping meth ods

Transfusion indi ca tions 9. Judicious trans fu sion indi ca tion in high-risk patients

Research 10. Parameters char ac ter iz ing low and high respond ers before first trans fu sion

11. Revisiting param e ters of clin i cal sig nifi  cance of eryth ro cyte antibodies

12. Determination of clin i cally sig nifi  cant RH var i ants to con sider

13. Mechanism of alloimmunization and pos si ble inter ven tion with immu no sup pres sive drugs

14.  Impact of RBC prod uct char ac ter is tics besides Ag matching on alloimmunization (age, micro par ti cles, other  
com po nents)

15.  Optimal RBC prod ucts to decrease the need for trans fu sion and expo sure (improved oxy gen deliv ery and life 
span, role of G6PD defi ciency and sickle trait in donors)

16. Development of new treat ments for SCD (gene ther apy, new mol e cules)

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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his tory of mul ti ple or life-threat en ing delayed HTRs (DHTR). We 
recently reported our expe ri ence of rituximab use in 58 adult SCD 
patients with a his tory of DHTR.29 This treat ment is recommend-
ed based on a shared deci sion-mak ing pro cess for the trans fu-
sion of patients at high risk of devel op ing antibodies and DHTR.30 
For sched uled sur gery, two 1000-mg infu sions are admin is tered 
15 days apart, and cor ti co ste roids, usu ally admin is tered with rit-
uximab to pre vent rituximab-induced adverse reac tions, are lim-
ited to 10 mg to pre vent trig ger ing vaso-occlu sive com pli ca tions. 
In com bi na tion with extended matching, this treat ment prevent-
ed severe intra vas cu lar hemo ly sis in all  patients fol low ing trans fu-
sion, except in cases of acute DHTR, despite a decrease in trans-
fu sion yield with time in some patients. Efficacy was much lower 
for rituximab admin is tered for new trans fu sions in patients with 
active DHTR. No new anti body pro duc tion was detected in this 
study. French and ASH guide lines are con cor dant, but addi tional 
pro spec tive stud ies are required to con firm the effi cacy of this 
treat ment. Bortezomib, a proteasome inhib i tor, has also been 
used to pre vent alloimmunization.31 A num ber of other mol e cules, 
targeting dif fer ent stages of alloimmunization and already used in 
other anti body-depen dent dis eases or B- and plasma cell-asso ci-
ated dis eases (Table 2), could be con sid ered in the future.

Should we restrict the access of high-risk patients to 
trans fu sion based on ben e fit/risk ratios?
Two clin i cal sit u a tions are con sid ered in the ASH guide lines (Ta-
ble 1). For the first—preg nant women with SCD—ASH guide lines 
sug gest pro phy lac tic trans fu sion or stan dard care (trans fu sion 
when clin i cally indi cated for a com pli ca tion). For the sec ond—
patients with SCD under go ing sur gery last ing more than 1 hour 
under gen eral anes the sia—ASH guide lines sug gest that pre op-
er a tive trans fu sion should be pre ferred over no trans fu sion.

The risks of alloimmunization and DHTR are sig nifi  cantly higher 
in patients receiv ing occa sional trans fu sions—for exam ple, in the 
clin i cal sit u a tions men tioned above. A pro spec tive study iden ti-
fied hav ing received few trans fu sions in the past, alloimmuniza-
tion, and pre vi ous DHTR as risk fac tors.37 However, infre quent 
trans fu sion is less of a risk in itself than the resulting lack of knowl-
edge regard ing the risk rel a tive to patients trans fused fre quently 
with no adverse reac tion. Indeed, responder sta tus is unknown 
in patients who have received few trans fu sions. For this rea son, 
the ben e fit/risk ratio should always be con sid ered when ever 
trans fu sion is indi cated, par tic u larly for occa sional trans fu sions. 
In 1 series of 99 cases of DHTR, 33% of the patients were preg-
nant, and 33% had received intraoperative trans fu sions.38 All had 
received very few pre vi ous trans fu sions (<13 units). Other mea-
sures, such as hydroxy urea and eryth ro poi e tin treat ments, may 
there fore be impor tant to over come the need for trans fu sion.

We designed a score for strat i fy ing DHTR risk in adults and 
the asso ci ated pre ven tive inter ven tions.37 In this study the score 
attrib uted to a his tory of DHTR prob a bly underestimated the 
mag ni tude of the risk because patients with a his tory of DHTR had 
rarely under gone retransfusion.37 At our sickle cell cen ter, indi ca-
tions for pre ven tive trans fu sion in high-risk patients are con sid ered 
on a case-by-case basis. For exam ple, pre ven tive trans fu sions are 
never performed in patients under go ing cho le cys tec tomy but 
may be performed for hip replace ment sur gery in patients with 
low base line Hb con cen tra tions, as in our case, and extended RBC 
matching and rituximab are recommended in this set ting.

Final remarks
Preventing alloimmunization in SCD remains a real chal lenge. 
Prophylactic Rh(C, E or C/c, E/e) and K matching for trans-
fu sion is con sen sual, but other pre ven tive mea sures remain 
a mat ter of debate due to a lack of strong evi dence and cer-
tainty in many stud ies. Additional pre ven tive mea sures may 
be spe cific, such as extended anti gen matching and geno-
type matching for RH var i ants, or non spe cific, such as the 
intro duc tion of immu no sup pres sive treat ment.39 However, 
the main prob lem is our inabil ity to iden tify patients likely to 
become immune and to develop a reac tion at first pre sen-
ta tion. Transfusion his tory is essen tial for risk assess ment. It 
is essen tial to dis tin guish between 2 sit u a tions: chron i cally 
trans fused patients and patients receiv ing occa sional trans-
fu sions, for whom a higher risk has been dem on strated. Fig-
ure 2 shows an attempt at pre ven tive mea sure strat i fi ca tion 
for patients under go ing occa sional trans fu sions, once trans-
fu sion avoid ance has been con sid ered, based on rec om men-
da tions and expe ri ence. The pre ven tive mea sures pro posed 
range from RH/K matching only to extended RH/K pheno/ 
genotyping plus rituximab. However, the appli ca tion of these 
mea sures requires pheno/genotyped blood from donors of 
Afri can ances try. Table 3 also sum ma rizes pos si ble mea sures for 
pre vent ing alloimmunization, with many areas of inves ti ga tion 
remaining open. Altogether, pre ven tion of alloimmunization is 
an impor tant step toward pre vent ing post trans fu sion hemo ly-
sis, the most fright en ing and underrecognized reac tion to trans-
fu sion in SCD. Follow-up of trans fu sion to diag nose these reac-
tions with a pro ac tive approach, includ ing HbA assess ment, 
and the man age ment of hemo ly sis are 2 other very impor tant 
issues. See the accom pa ny ing arti cle by Hendrickson.41

Acknowledgment
We thank Dr. C. Tournamille for the review of the man u script.

Conflict-of-inter est dis clo sure
France Pirenne: no com pet ing finan cial inter ests to declare.
A line Floch: no com pet ing finan cial inter ests to declare.
Anoosha Habibi: no com pet ing finan cial inter ests to declare.

Off-label drug use
France Pirenne: no competing financial interests to declare.
A line Floch: no competing financial interests to declare.
Anoosha Habibi: no competing financial interests to declare.

Correspondence
France Pirenne, Etablissement Français du Sang, Hôpital Henri 
Mondor, 51 Ave du Maréchal de Lattre de Tassigny, 94000 Créteil, 
France; e-mail: france  .pirenne@efs  .sante  .fr.

References
1. Vichinsky EP, Earles A, Johnson RA, Hoag MS, Williams A, Lubin B. Allo-

immunization in sickle cell ane mia and trans fu sion of racially unmatched 
blood. N Engl J Med. 1990;322(23):1617-1621.

2. Petz LD, Calhoun L, Shulman IA, Johnson C, Herron RM. The sickle cell 
hemo lytic trans fu sion reac tion syn drome. Transfusion. 1997;37(4):382-
392.

3. Thein SL, Pirenne F, Fasano RM, et al. Hemolytic trans fu sion reac tions in 
sickle cell dis ease: under ap pre ci ated and poten tially fatal. Haematolog-
ica. 2020;105(3):539-544.

D
ow

nloaded from
 http://ashpublications.net/hem

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

mailto:france.pirenne@efs.sante.fr


RBC alloimmunization in sickle cell dis ease | 695

4. Tormey CA, Hendrickson JE. Transfusion-related red blood cell alloantibod-
ies: induc tion and con se quences. Blood. 2019;133(17):1821-1830.

5. Yazdanbakhsh K, Ware RE, Noizat-Pirenne F. Red blood cell alloimmuniza-
tion in sickle cell dis ease: path o phys i  ol ogy, risk fac tors, and trans fu sion 
man age ment. Blood. 2012;120(3):528-537.

6. Fasano RM, Booth GS, Miles M, et al. Red blood cell alloimmunization is 
influ enced by recip i ent inflam ma tory state at time of trans fu sion in patients 
with sickle cell dis ease. Br J Haematol. 2015;168(2):291-300.

7. Yazer MH, Lozano M, Crighton G, et al. Transfusion ser vice man age ment of 
sickle-cell dis ease patients. Vox Sang. 2016;110(3):288-294.

8. Chou ST, Alsawas M, Fasano RM, et al. Amer i can Society of Hematology 
2020 guide lines for sickle cell dis ease: trans fu sion sup port. Blood Adv. 
2020;4(2):327-355.

9. Silvy M, Tournamille C, Babinet J, et al. Red blood cell immu ni za tion in sickle 
cell dis ease: evi dence of a large responder group and a low rate of anti-Rh 
linked to par tial Rh phe no type. Haematologica. 2014;99(7):e115-e117.

10. Floch A, Tournamille C, Chami B, Pirenne F. Genotyping in sickle cell dis ease 
patients: the French strat egy. Transfus Med Hemother. 2018;45(4):264-270.

11. Tournamille C, Meunier-Costes N, Costes B, et al. Partial C anti gen in sickle 
cell dis ease patients: clin i cal rel e vance and pre ven tion of alloimmuniza-
tion. Transfusion. 2010;50(1):13-19.

12. Chou ST, Jackson T, Vege S, Smith-Whitley K, Friedman DF, Westhoff 
CM. High prev a lence of red blood cell alloimmunization in sickle cell 
dis ease despite trans fu sion from Rh-matched minor ity donors. Blood. 
2013;122(6):1062-1071.

13. Floch A, Gien D, Tournamille C, et al. High immu no ge nic ity of red blood 
cell anti gens restricted to the pop u la tion of Afri can descent in a cohort of 
sickle cell dis ease patients. Transfusion. 2018;58(6):1527-1535.

14. Boateng LA, Schonewille H, Lightard PC, et al. One third of alloantibodies 
in patients with SCD trans fused with Afri can blood are missed by the stan-
dard red blood cell panel. Haematologica. 2021;106(8):2274-2276.

15. da Cunha Gomes EG, Machado LAF, de Oliveira LC, Neto JFN. The eryth-
ro cyte alloimmunisation in patients with sickle cell anae mia: a sys tem atic 
review. Transfus Med. 2019;29(3):149-161.

16. Sins JW, Biemond BJ, van den Bersselaar SM, et al. Early occur rence of red 
blood cell alloimmunization in patients with sickle cell dis ease. Am J Hema-
tol. 2016;91(8):763-769.

17. Nickel RS, Horan JT, Fasano RM, et al. Immunophenotypic param e ters and 
RBC alloimmunization in chil dren with sickle cell dis ease on chronic trans-
fu sion. Am J Hematol. 2015;90(12):1135-1141.

18. Allali S, Peyrard T, Amiranoff D, et al. Prevalence and risk fac tors for red 
blood cell alloimmunization in 175 chil dren with sickle cell dis ease in a 
French uni ver sity hos pi tal ref er ence cen tre. Br J Haematol. 2017;177(4):641-
647.

19. Noizat-Pirenne F, Lee K, Pennec PY, et al. Rare RHCE phe no types in black 
indi vid u als of Afro-Carib bean ori gin: iden ti fi ca tion and trans fu sion safety. 
Blood. 2002;100(12):4223-4231.

20. Casas J, Friedman DF, Jackson T, Vege S, Westhoff CM, Chou ST. Changing 
prac tice: red blood cell typ ing by molec u lar meth ods for patients with 
sickle cell dis ease. Transfusion. 2015;55(6, pt 2):1388-1393.

21. Reid M, Lomas-Francis C, Olsson M. The Blood Group Antigen Factsbook. 
3rd ed. Academic Press; 2012.

22. Stef M, Fennell K, Apraiz I, et al. RH genotyping by non spe cific quan ti ta tive 
next-gen er a tion sequenc ing. Transfusion. 2020;60(11):2691-2701.

23. Gleadall NS, Veldhuisen B, Gollub J, et al; NIHR BioResource. Development 
and val i da tion of a uni ver sal blood donor genotyping plat form: a mul ti na-
tional pro spec tive study. Blood Adv. 2020;4(15):3495-3506.

24. Fasano RM, Meyer EK, Branscomb J, White MS, Gib son RW, Eckman JR. 
Impact of red blood cell anti gen matching on alloimmunization and trans-

fu sion com pli ca tions in patients with sickle cell dis ease: a sys tem atic 
review. Transfus Med Rev. 2019;33(1):12-23.

25. Schonewille H, van de Watering LM, Brand A. Additional red blood cell 
alloantibodies after blood trans fu sions in a nonhematologic alloimmunized 
patient cohort: is it time to take pre cau tion ary mea sures? Transfusion. 
2006;46(4):630-635.

26. De Montalembert M, Dumont MD, Heilbronner C, et al. Delayed hemo lytic 
trans fu sion reac tion in chil dren with sickle cell dis ease. Haematologica. 
2011;96(6):801-807.

27. Sippert E, Fujita CR, Machado D, et al. Variant RH alleles and Rh immunisa-
tion in patients with sickle cell dis ease. Blood Transfus. 2015;13(1):72-77.

28. Chou ST, Evans P, Vege S, et al. RH geno type matching for trans fu sion sup-
port in sickle cell dis ease. Blood. 2018;132(11):1198-1207.

29. Zanchetta-Balint F, Pirenne F, Michel M, et  al. Rituximab for pre vent ing 
delayed hemo lytic trans fu sion reac tion (DHTR) in sickle cell adult patients: 
out come of trans fu sion and side effects in 58 cases. Blood. 2019;134(suppl 
1):3687.

30. Habibi A, Arlet JB, Stankovic K, et al; Centre de référence maladies rares 
«syn dromes drépanocytaires majeurs». French guide lines for the man age-
ment of adult sickle cell dis ease: 2015 update. Article in French. Rev Med 
Interne. 2015;36(suppl 5, pt 1):5S3-584.

31. Dean CL, Maier CL, Chonat S, et al. Challenges in the treat ment and pre-
ven tion of delayed hemo lytic trans fu sion reac tions with hyperhemolysis in 
sickle cell dis ease patients. Transfusion. 2019;59(5):1698-1705.

32. Elayeb R, Tamagne M, Pinheiro M, et al. Anti-CD20 anti body pre vents red 
blood cell alloimmunization in a mouse model. J Immunol. 2017;199(11):3771-
3780.

33. Natarajan P, Liu J, Santhanakrishnan M, Gibb DR, Slater LM, Hendrickson 
JE. Bortezomib decreases the mag ni tude of a pri mary humoral immune 
response to trans fused red blood cells in a murine model. Transfusion. 
2017;57(1):82-92.

34. Gilson CR, Patel SR, Zimring JC. CTLA4-Ig pre vents allo an ti body pro duc-
tion and BMT rejec tion in response to plate let trans fu sions in mice. Trans-
fusion. 2012;52(10):2209-2219.

35. Pal M, Bao W, Wang R, et al. Hemolysis inhib its humoral B-cell responses 
and mod u lates alloimmunization risk in patients with sickle cell dis ease. 
Blood. 2021;137(2):269-280.

36. Pirenne F. Heme con trol to major B (cell): are you lis ten ing? Blood. 
2021;137(2):153-154.

37. Narbey D, Habibi A, Chadebech P, et al. Incidence and pre dic tive score 
for delayed hemo lytic trans fu sion reac tion in adult patients with sickle cell 
dis ease. Am J Hematol. 2017;92(12):1340-1348.

38. Habibi A, Mekontso-Dessap A, Guillaud C, et al. Delayed hemo lytic trans-
fu sion reac tion in adult sickle-cell dis ease: pre sen ta tions, out comes, and 
treat ments of 99 refer ral cen ter epi sodes. Am J Hematol. 2016;91(10):989-
994.

39. Pirenne F, Yazdanbakhsh K. How I safely trans fuse patients with sickle-cell 
dis ease and man age delayed hemo lytic trans fu sion reac tions. Blood. 
2018;131(25):2773-2781.

40. Chonat S, Arthur CM, Zerra PE, et al. Challenges in pre vent ing and treating 
hemo lytic com pli ca tions asso ci ated with red blood cell trans fu sion. Trans-
fus Clin Biol. 2019;26(2):130-134.

41. Hendrickson J. Management of hemo lytic trans fu sion reac tions. In: Hema-
tology ASH Education Program 2021. Amer i can Society of Hematology; 
2021:forth com ing.

© 2021 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2021000306

D
ow

nloaded from
 http://ashpublications.net/hem

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


