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One century!



SEROLOGICAL TESTING

Automation
Workflow +++

Information technology
Full data traceability
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First CE-marked genotyping platforms from 2008

2005 – 2008: HIGH EXPANSION OF 
RBC MOLECULAR TESTING



This project had led to the development of a  
DNA chip device (glass-array), intended to be  
used to easily genotype an individual for most 

clinically significant blood groups



Example of a genotyping platform

DNA chip
Blood typing without the 

need for RBCs!

RBC GENOTYPING PLATFORMS



PHENOTYPING
VERSUS

GENOTYPING



• Hemagglutination techniques have 
been considered the gold standard 
for RBC typing for a very long time

• However, several limitations exist 
for serological typing, which may be 
overcome by molecular testing

SEROLOGY VERSUS GENOTYPING



• 356 human RBC antigens
• 36 blood group systems
• 40 blood group genes
• Molecular bases of most 

antigens and phenotypes are 
known => possible to predict
RBC type from DNA study

WHY IS IT POSSIBLE TO PERFORM 
MOLECULAR TESTING?
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WHY PERFORMING 
MOLECULAR TESTING IN 

BLOOD DONORS?



• Short supply
- Antibodies to high-prevalence 

antigens: anti-U, anti-Jsb, anti-Joa…
- Antibodies to low-prevalence 

antigens: anti-VS, anti-Jsa, anti-Wra…
• Poor quality: anti-Doa, anti-Dob, 

anti-Kna, …
 Molecular testing very helpful in 

such a background

REAGENTS IN SHORT SUPPLY OR 
OF POOR QUALITY



• Typing reagents may not detect weakly 
expressed RBC antigens in blood 
donors, potentially responsible for 
alloimmunization in the blood recipient

• Typical example is the DEL type (very 
weak expression of D, especially found 
in Asians)

• ~ 0.1 − 0.3% of serologically D-
Caucasians carry an altered RHD gene 
coding for a very low D expression, most 
being C+ or E+ 

WEAKLY EXPRESSED ANTIGENS 
ROUTINELY UNDETECTABLE



Molecular typing in all apparently D- blood donors to 
avoid D alloimmunization in D negative recipients?   

VERY WEAK D EXPRESSION

0.15% of apparent D- donors redefined as D+ (all C+ or E+)
Is this a cost-efficient approach? Only in C+ or E+ donors? 

Not performed in France: serological “weak D test” in             
all D-C+ or D-E+ donors



Rh variants
• Weak expression of D and RhCE antigens
• Discrepant results between two typing 

reagents
 Major relevance in donors of African 
descent, because this may be a surrogate 
marker of the presence of a rare Rh blood 
type, which could be of great interest for 
transfusion of sickle cell disease (SCD) 
patients

INVESTIGATION OF VARIANT 
ANTIGENS 



EXAMPLE OF THE DAR TYPE

1 2 3 4 6 7 8 9 105 10 9 8 7 4 3 2 16 5

RHD*DAR RHCE*ceAR

Partial D called DAR
Weak D expression with most 

reagents

∼ 90% of RHCE*ceAR alleles are in cis to a RHD*DAR allele
Hemker MB & al. Blood 1999

“AR” in DAR and ceAR stands for Amsterdam Rotterdam 
(personal communication with Ellen van der Schoot, Oct 2016)

Gene conversion



EXAMPLE OF THE DAR TYPE

1 2 3 4 6 7 8 9 105 10 9 8 7 4 3 2 16 5

RHD*DAR RHCE*ceAR

If homozygous haplotypes => rare HrS- blood type (RH:-18)

No weakened c and e with routine reagents 
=> The only possibility to serologically screen the rare HrS-
type is a weakened D expression => Any weak D reactivity 

should be investigated in donors of African descent! 

1 2 3 4 6 7 8 9 105 10 9 8 7 4 3 2 16 5

RHD*DAR RHCE*ceAR



• By definition, rare types need rare 
antisera to be screened!

• Current genotyping devices are 
able to simultaneously screen for 
many rare blood types

• Molecular testing is extremely 
helpful in order to mass-screen 
and recruit new rare blood donors

MASS SCREENING FOR RARE 
DONORS



THE FRENCH EXPERIENCE



• France: 66 million inhabitants
• Ethnically mixed population
o Migrant people from the former French 

colonies of Africa (1st or 2nd generation)
o Overseas territories
o Recent population movements through 

Southern Europe

ETHNIC POPULATION 
BACKGROUND IN FRANCE



Former French 
colonies of Africa

p, Pk

Ge:-2,3, Lan-
Jk(a-b-), At(a-)

RH:-46
(RNRN)

Fy(a-b-)

POPULATION BACKGROUND

RH:-18 (HrS-)
RH:-34 (HrB-)

RH:-57 (ceJAL/ceJAL)
RH:-58 (ceCF/ceCF)
RH:-59 (ceAG/ceAG)
RH:-61 (ceMO/ceMO)

Js(b-)
At(a-)

S-s-U-/U+var

Dantu



• Patients of African descent with a rare 
blood type and who need chronic 
transfusion => sickle cell disease 
patients

• Fetus, newborn and their mother of 
African descent, alloimmunized to a 
high-prevalence antigen

• Emergence of new challenges due to 
recent population movements through 
Southern Europe

MAJOR TRANSFUSION ISSUES IN 
FRANCE



• Sickle cell disease (SCD) is the most 
frequent genetic disease in France 
(∼15,000 patients, number expected to 
double by the next 15 years)

• Patients often transfused and at high risk 
of developing RBC alloantibodies => 
systematic match for Rh (C,E,c,e) and K 
for over 30 years (1985)

• Many rare blood types in people of African 
descent (Rh, MNS, Kell, Dombrock, etc.)

SICKLE CELL DISEASE IN FRANCE



Significant prevalence of Rh antigen
variants of clinical relevance 

In our experience (SCD patients)
∼10% of D+ are partial D
∼35% of C+ are partial C!
∼3-5% of e+ are partial e
∼2% of c+ are partial c

RH VARIANTS IN PEOPLE OF AFRICAN 
DESCENT

Usually not 
well screened 
by standard 
typing 
reagents



Essential to distinguish common RHD/RHCE
variants and those with a proven clinical
significance (peer-reviewed publications).  
No international consensus… 
In France, for example:
- DAU-0 is not considered being a partial D
- RHCE*ce48C,733G is very common in Africans, 

but not considered at risk. Allele usually claimed
to encode a rare hrB- type (partial e) but no 
proven alloanti-hrB in homozygous patients. In 
USA and Brazil, considered a rare type and need 
for the same genotype in case of transfusion

RH VARIANTS IN AFRICANS



• New policy implemented in late 2016 :           
All SCD patients are subject to RHD and 
RHCE genotyping, except those with ≥ 12 
transfusion episodes being non-
alloimmunized (including at least one 
transfusion with D+ RBCs in R0R0 patients) 
(considered “low-responders”)
=> “cost/efficiency” approach (genotyping 
not reimbursed so far!)

• This threshold value of 12 RBC units is 
consistent with a work published by a Dutch 
team in August 2016

GENOTYPING IN SCD PATIENTS



Rh/K matched



RH*C ceSL

RH*E ceTI

RH*c ceRT

RH*e ceRA

RH*Cw Ce-D(4)-Ce [RN]

RH*Cx DHAR

ceAR rG

ceEK CeMA

ceBI CeVA

ceMO [ce(667)] CeVG

ceS [ce(733,1006] E type I

ces [ce(733)] E type II (EKK)

ces(340) E type III

ceS(748) E type IV

ceCF EKH

RHCE DNA chip used in France
Example of the RHCE 
chip: 6 rare Rh blood
types simultaneously
screened in people of 
African descent
HrS- (RH:-18)
HrB- (RH:-34)
RNRN (RH:-46) 
RH:-57 
(RHCE*ceJAL/RHCE*ceJAL)

RH:-58 
(RHCE*ceCF/RHCE*ceCF)

RH:-61 
(RHCE*ceMO/RHCE*ceMO)



Two major limitations 
c.254C>G mutation 
(ceAG) (RH:-59 if 
homozygous) and 
heterozygous RN

variants are not 
screened 
=> 2 additional tests
- SSP-PCR for RN screening
in all C+ patients
- SSP-PCR for 
RHCE*ce254G screening

RH*C ceSL

RH*E ceTI

RH*c ceRT

RH*e ceRA

RH*Cw Ce-D(4)-Ce [RN]

RH*Cx DHAR

ceAR rG

ceEK CeMA

ceBI (& ceSM screening) CeVA

ceMO CeVG

ceS E type I

ces E type II (EKK)

ces(340) E type III

ceS(748) E type IV

ceCF EKH

RHCE*ceAG found at the heterozygous state in 20% 
(30/150) of a cohort of young SCD patients in France! 
=> allele frequency = 10% (manuscript in preparation)



HOW DO WE FIND DONORS OF 
INTEREST?



BLOOD DONOR PHENOTYPING
RBC genotyping is not routinely performed 
in blood donors in France, even in most 
donors of African descent. Why?
- Rh (C, E, c, e)/K phenotype systematically 
tested on all donors (since the early 90s)
- Extended phenotype (Fya/Fyb, Jka/Jkb, S/s) 
available in ∼20% of all A/O donors, whatever 
their origin => still much cheaper than 
genotyping in France
- Extended phenotype (including M/N) 
performed in all A/O/B donors of African origin, 
and RoRo donors if ethnic origin not reported



BLOOD DONOR GENOTYPING
- Repeat Fy(a-b-), O/A/B, C-E-, K-, Jk(b-), S-

donors of African descent, tested for their V, 
VS, Jsa/Jsb and Doa/Dob/Hy/Joa status

- Weakened reactivity of any RHCE antigen
- Weakened D reactivity and discovery of a 

RHD variant known to be in cis to a RHCE
variant allele (e.g. RHD*DAR/RHCE*ceAR)

- r‘r (D-C+E-c+e+) donors of African origin: at 
risk of carrying the rare HrB- type (RH:-34) in 
∼3% of cases

- Investigation of the molecular basis of the 
rare S-s- type



• Mean prevalence in Africans is 1-2% 
but may reach up to 35% in equatorial
Africa

• Highest gap between supply and 
demand in France!

• 8% of the requested rare units within
the last 3 years in France

• Also becomes a major problem in 
several European countries

THE S-s- RARE BLOOD TYPE



• Several molecular backgrounds in Africans
∼ 50% are S-s-U- => deletion of the GYPB
gene
∼50% are S-s-U+var => weak and partial U 

(alteration of GYPB)
- P2 (90%)
- NY (10%)

• All are able to develop anti-U, with the 
strongest examples found in S-s-U-

• S-s-U+var RBCs are not compatible with
anti-U made by S-s-U- patients

THE RARE S-s- BLOOD TYPE 



• S-s- donors are systematically
genotyped in France
–78 U- donors
–83 U+var (76 P2, 7 NY)

• 340 patients with alloanti-U 
reported in France, including 70 
patients with severe SCD

THE S-s- RARE BLOOD TYPE



A FEW THOUGHTS ABOUT 
RHCE ALLELE MATCHING IN 

PATIENTS OF AFRICAN 
DESCENT



• Allele matching or "dry matching"
• If a RHCE genotype is systematically

performed in SCD patients, will we have a 
sufficient number of matching donors?

• Which RHCE alleles are considered of 
clinical relevance  => need for more 
published data and international consensus

• What to do with the frequent compound 
heterozygous patients and donors, e.g. 
RHCE*ceAR/RHCE*ceMO? => No concrete 
data available about the possible trans 
“counterbalancing” of lacking epitopes

RHCE ALLELE MATCHING



• What is a "perfect match"?!
RHCE ALLELE MATCHING

• Concept of "RHCE genotype matching
tiers" (American Red Cross, USA)
Tier 1 Perfect match on both alleles
Tier 2 Donor homozygous for one of the alleles of the patient
Tier 3 Donor has the same phenotype (e.g. hrS-) but different allele(s)



• Genotype data integration in the 
laboratory information software. How 
to do this? >150 RHCE alleles and 
thousands of possible combinations 
of genotypes!

• RHCE allele matching logically leads 
to a systematic intra-ethnic
transfusion background, with other
risks to be aware of…

RHCE ALLELE MATCHING



• Most Africans are D+C-E-c+e+, Fy(a-b-), 
Jk(a+b-), S-s+ (if Fy(b-) excluded, 
compatible blood is present in less than
0.3% of Europeans)

• Some antigens are very rare in 
Europeans but frequent in Africans (e.g. 
V, VS, DW, DAK, Jsa, He, etc.)

INTRA-ETHNIC TRANSFUSION

V/VS
Jsa

DW

DAK
He

Fya: 66%* U

Low prevalence High prevalence"Balanced" prevalence
Europeans



Jsa V VS
DW

U

Low prevalence High prevalence"Balanced" prevalence
Fya

DAK
He

Africans

• Some antigens are very rare in 
Europeans but frequent in Africans (e.g. 
V, VS, DW, DAK, Jsa, He, etc.)

5%  10%  20% 40%

INTRA-ETHNIC TRANSFUSION



If RBC units are transfused in an intra-ethnic 
background, significant risk of developing anti-VS, 
anti-Jsa, anti-DW, etc., which are not detectable by 
routine antibody screening panels! => systematic 
crossmatch in all SCD patients in France

⇒ RHCE allele matching implementation should 
require a systematic serological crossmatch
(electronic crossmatch not recommended)

⇒ Not really a “dry-matching” concept!

INTRA-ETHNIC TRANSFUSION



• Systematic genotype in blood donors not yet 
performed in France. Only restricted to a 
subpopulation of repeat donors of African origin

• Cost-efficiency of a large-scale genotyping 
policy in donors is still a matter of debate

• RHCE allele matching in SCD patients is 
definitely an interesting approach, but leads to 
new questions and issues

• Availability of new tests should always be 
considered in a cost-effective way. Could not the 
extra cost of genotyping be more appropriately 
used in other aspects of the overall medical care 
of SCD patients?

CONCLUSIONS



THANK YOU FOR YOUR ATTENTION



COST
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