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Rode Kruis Vlaanderen
Service for blood supply: Mechelen

Population: 6,7 million



RBC                       Plasma                     Platelets



Solid organ TX

Stem cell TX

Disease association

Molecular testing for RBC



Case report: 

Patient with sickle cell disease and urgent transfusion

need.

Limitations of our donor cohort

Adjust testmethods to improve the standard of care for

people of Black origin and chronic transfusion needs.   



Young female AK
with homozygous sickle cell disease

dropping hemaglobine level 6,20 → 3,40 g/dL
Irregular ABs:

BIORAD PANEL: all cells except
C- E- K- Fya- Fyb- Jka- S- Lea- Leb

are positive

Urgent need of transfusion

Bloodbank Lab
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Confirmation of serology: 

Panreactivity: only cell 8 Fy(a-b-) negative.

Eluate Cell 8 is negative

Auto test = weak

Blood bank lab 
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Transfusion timeline

Phenocomp
excl.Fyb +

Cryo units Fy(a-b-)

Transfusion:

1) Phenocompatible, 
excl. Fyb + 

2) Urgent request for 2 
CRYO units 
Fy(a-b-)

Genotyping information 
FYGATA was not
available. 

Suspicion of anti-Fy AB
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Eluate was repeated on a different lot BIORAD PANEL

Cel 8 Fy(a-b-) of a different donor, is positive. 

Auto-antibodies with a broad specifity , probably not Fy related.

Blood bank lab 



Teenager with sickle cell disease
dropping hemaglobine level 6,20 → 3,40 g/dL

Irregular ABs:
BIORAD PANEL: alle cells except
C- E- K- Fya- Fyb- Jka- S- Lea- Leb

are positive

Need of transfusion

Bloodbank Lab
confirmation of serology

Molecular testing
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Red Blood Cell Transfusion

Most RBC antigens are SNPs,  single nucleotide polymorfisms: 

HFA: Rare
Kell - Kpa, Kpb Jsa, Jsb
Colton – Coa, Cob
Lutheran – Lua, Lub 
Diego – Dia, Dib, Wra, Wrb
Cartwright – Yta, Ytb
Knops – Kna, Knb

Standard: vERYfy
Kell – K, k 
Kidd – Jka, Jkb
Duffy – Fya, Fyb, FyX, FyGATA
MNS – M, N, S, s,Uvar 
Rh – C, c, E, e 
Dombrock – Doa,Dob



Duffy? 
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Duffy

Fya/Fyb
FY1/FY2

125
A/G

GATA-1 BOX
expr/non expr.

-67
A>G

Fyb/FyX
FY2/FY2w

265
C>T

Most frequent alleles can be discriminated by vERYfy:

- FY*01 : FYA

- FY*02 : FYB

- FY*02W : FYX = Fyb weak: weak expression

- FY*02N.01 : FYBNull (GATABOX) = FybNull, no expression on the RBC 



GATA-1 box = 
Binding site for the RBC transcription factor GATA-1

→ mRNA 
→ expression of Duffy receptors op RBC

= acces gate for merozoiete invasion in RBC

Mutation GGTA
Binding site for the RBC transcriptie factor GATA-1 

is absent
→ no expressie on the RBC

→ RBC are resistent to invasion of plasmodium 
merozoietes

!! Expression of Fyb on other tissues

FYBNull (GATA): FY*02N.01 bij zwarten
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SNP Fya Fyb FyNullGATA FyX
(Fybweak)

125A X
125G X X X
- 67C GATA-box mutatie X
- 67T  WT GATA-box  (non null) X X X
265T X

vERYfy

Homozygous FyGATA

No expression on the RBC, Fyb expression on other tissues. 

RBC genotypering van Duffy

AK     

Negatieve reaction of BIORAD cel 8 (Fya-Fyb-) is not the result of anti-Fy. 
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ISBT 008: FY blood group alleles v6.1 30-NOV-2021

Weak phenotypes Null phenotypes

vERYfy
= SNP testing with testlimitations
= covers most frequent Fy alleles.  

Other null alleles do not share -67T mutation.

→ No true null phenotype with no expression. 



Why is the BIORAD PANEL cell 8 (Fya-, Fyb-) negative? 
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Fya-Fyb-(GATA) population

Regio: Sub Sahara Afrika
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RHD en RHCE varianten 

Waldis et al, 2020
Population thalassemia patients, n=40  

Black patients:
High % partial and altered antigens in the RH-system.

Non-Black patients Black patients
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RHD en RHCE varianten 

NHS study Hui et al. , 2021
Review the use of RBC genotyping in SCD patients at two London trusts (ICHNT, LNWH) 
with a focus on RH variants. 
n= 828 SCD patients: adults and peads

59% of pts had genotyping

→ 20% had a RH variant or a 
combination of RH variants
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Fya-Fyb-(GATA) population

Black origin , Fya-, Fyb-: likely to have of RH variants



RHD and RHCE
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1p34-p36

97% identical

differ by only 32–35 / 417  amino acids

56 antigens



RHD en RHCE genen
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Westhoff 2007



RHD en RHCE genen
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Westhoff 2007
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Allel Fenotype: antigenen

ce RHCE*01 RH:4 = c, RH:5 = e, RH:6 = ce

cE RHCE*03 RH:4 = c, RH:3 = E, RH:27= cE

Ce RHCE*02 RH:2 = C, RH:5 =e, RH:7 = Ce

SNPs cause:

- Weak expression CcEe
- Partial presentation CcEe
- Absense of High Prevalence antigens
- Presence of Low Prevalence antigens

RHCE:

- CcEe:

- many other antigens:
High prevalence antigens present in most
Low prevalence antigens absent in most
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High prevalence antigens

High Prevalence antigens are antigens present in most of the population.
SNPs in RHCE: high prevalence (HP) absent

High prevalence antigens 

RH17 Hr0 
RH18 Hr (HrS ; Shabalala)  
RH19 hrS (Shabalala; e-like) 
RH26 (Deal; c-like) 
RH29 (Total Rh) – Resus null – D-C-c-E-e-
RH31 hrB (Bastiaan; e-like)  
RH34 HrB (Bastiaan; Bas)  
RH39 (C-like)  
RH44 Nou 
RH46 Sec 
RH47 Dav
RH51 MAR 
RH57 CEST 
RH58 CELO  
RH59 CEAG 
RH61 CEVF 
RH62 CEWA 

Example: 
hrB (RH31) en HrB (RH34)
Prevalence
= ww: very high
= Sub Sahara Africa, 
SCD populatie: up to 15% = negative
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High prevalence antigens

High Prevalence antigens are antigens present in most of the population.
SNPs in RHCE: high prevalence (HP) absent

High prevalence antigens 

RH17 Hr0 
RH18 Hr (HrS ; Shabalala)  
RH19 hrS (Shabalala; e-like) 
RH26 (Deal; c-like) 
RH29 (Total Rh) – Resus null – D-C-c-E-e-
RH31 hrB (Bastiaan; e-like)  
RH34 HrB (Bastiaan; Bas)  
RH39 (C-like)  
RH44 Nou 
RH46 Sec 
RH47 Dav
RH51 MAR 
RH57 CEST 
RH58 CELO  
RH59 CEAG 
RH61 CEVF 
RH62 CEWA 

Example: 
hrB (RH31) en HrB (RH34)
Prevalence
= ww: very high
= Sub Sahara Africa, 
SCD populatie: up to 15% = negative

Missing HP antigens in patients can result in allo immunisation when using HP 
positive blood units. 
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Low prevalence antigens

SNPs in RHCE: presence of low prevalence (LP) antigens, which are absent in most of the
popualtion. 
Within a specific population these LP antigens can be more frequent. 

Example:
RH10 (V) en RH20 (VS):
Prevalence
WW = low
Sub Sahara Afrika: 
SCD population: high up to tot 20%. 
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Low prevalence antigens

SNPs in RHCE: presence of low prevalence (LP) antigens, which are absent in most of the
popualtion. 
Within a specific population these LP antigens can be more frequent. 

Example:
RH10 (V) en RH20 (VS):
Prevalence
WW = low
Sub Sahara Afrika: 
SCD population: high up to tot 20%. 

Using LP antigen positieve donors can result in allo immunisation in patients that
are LP antigen negative. 
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Transfusion and hemoglobine concentration

Phenocomp
Fyb-

Cryo units Fy(a-b-)

1st unit Caucasian: 
RHCE with HP antigens

2 cryo units Black:
RHCE variants:
HP can be missing /
LP can be present

What units is best depends
on the patient RHCE 
genotype



The presence of RHCE variants is a possible explanation for cel 8 being
negative.



RHD/RHCE variant? 

BIORAD has no genotyping information available

and is not willing/able to send samples for genotyping. 

CAN BE IMPROVED !!

This information can be very helpfull. 

.  

Does BIORAD PANEL donor cell 8 have a RHCE variant with partial c or partial e 
expression and/or missing High Prevalence antigen? 

BIORAD  

RHCE variant?
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RBC pheno-matched are not truly
matched! 
Need of genotyping information!

Chou et al. , 2018

RHCE variant? 

2) Does AK have a RHCE variant?   
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Extending RHCE genotyping, what do we need?

1) What are the most important RHCE alleles with the highest risk of allo immunisation? 
Literature: often incomplete datasets, conflicting data. 

2) What are the most frequent RHCE variants?
African American (AA)  SCD populatie, Chou et al. 2018 & Chang et al. 2020



Antigen presentation and immunisation reports of the most frequent RHCE variants

Tabel will be published at our website: Dienst voor het Bloed | Expertise (rodekruis.be)
begin 2023. 

https://www.rodekruis.be/dienstvoorhetbloed/expertise-en-opleidingen/


Which test meets our needs?

Sequencing

Extensive SNP testing: check all relevant SNPs of most 

common RHCE variants. 

Minimal need = intermediate resolution, Keller  2022. 
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2020: LINKSEQ RBC genotyping RUO 

= SYBR GREEN meltdown SSP-PCR
Allows to discrminate between the most frequent / most relevant RHCE variants
(prevalence up to 0,0015 in SCD cohort) 
(AA populatie SCD, Chou et al. 2018 en Chang et al. 2020) 

Genotype Prevalence

CHOU 2018

SCD AA

Prevalence

CHANG 2020

n= 848 SCD AA
RH:4 RH:5 48G c.48G>C 105T 106 G>A 122 A>G 254C>G 307C 340C>T 577A 602 G>C 667G 667G>T 676G 676 G>C 697C>G 733C 733C>G 748 G>A 916A>G 941 T>C 1006G

1006 

G>T
1025C>T 1132C>G 

109bp 

ins 

ce RHCE*01 0,2460 0,2
E X X

ce(48C) = 

e+ weak 

RHCE*01.01 0,1959 0,23

w X X X

ce 

VS01(733G

)

RHCE*01.20.01 0,1285 0,14

p p X X X

Ce RHCE*02 0,119 0,18
X X X

cE RHCE*03 0,0928 0,1
E X X

ce 

VS02(48C,7

33G)

RHCE*01.20.02 0,0729 0,031

p p X X X X

ce(254G)

ceAG

RHCE*01.06.01 0,0476 0,041

wp X X X

ceVS03, ceS RHCE*01.20.03 0,039 0,045

p p X X X X X

ceTI RHCE*01.02.01 0,0243 0,012
p p X X X X

ceMO RHCE*01.07.01 0,0091 0,011
p wp X X X X

ceEK RHCE*01.05.01 0,0035 0,0017
p wp X X X

ce VS06 

ceCF

RHCE*01.20.06 0,003 0,0023

p p X X X X X

ceAR RH*CE01.04.01 0,0025 0,0006
p p X X X X X

ceBl RHCE*01.08 0,0015 0,0023 p weak 

to neg
X X X X

ceVS07 

ceJAL

RH*CE01.20.07 0,0015 0,0006 p weak 

to neg

p weak 

to neg
X X X X

ceVS04, 

ceTI type 2

RHCE*01.20.04.0

1

0,001 0,0006

p X X X X X

CeRN

Ce.10.01

RHCE*Ce.10.01
X X

CE RHCE*04 0,0011
X X X

NO ISBT, 

proposed: 

RHCE*ce.01

.02

RHCE*01.01.02 0,03

X X X

ce(254G,73

3G) 

RHCE*01.06.02
p X X X X

ceVS.05 

ce(733G,10

06T)

RHCE*01.20.05 0,0017

p X X X X

ceVS09 RHCE*01.20.09 0,027
X X X

ceHAR RHCE*01.22.01 weak X X X X X

ceSM X X
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LinkSeq RBC genotypering RUO

Homozygous: RHCE*01.20.01

RHCE variant?

AK     



Antigen presentation and immunisation reports of the most frequent RHCE variants

Tabel will be published at our website: Dienst voor het Bloed | Expertise (rodekruis.be)
begin 2023. 

https://www.rodekruis.be/dienstvoorhetbloed/expertise-en-opleidingen/
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LinkSeq RBC genotypering RUO

Homozygous: RHCE*01.20.01

→ Presence of LP antigenen V (RH10) and VS (RH20)

→ Low expression of HP antigen hrB (RH31): anti hrB?

→ partial c (RH4): anti-c ?

→ partial e (RH5): anti-e ?

RHCE variant?

AK     
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Current sample: no clear difference in e+ vs e- or c+ vs c- reactivity in current sample.  

Historical sample showed a preference binding to e.  

Antibody results
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IH, serology:

auto-antibodies with a broad specificity, possible anti-e

HILA, genotyping: 

Possible rhesus antibodies

anti-e?

Transfusion policy
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ALLO                                                                         AUTO

Hui et al. 2021
SCD population n= 828,
59% genotyped
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IH, serology:

auto-antibodies with a broad specificity, possible anti-e

HILA, genotyping: 

Possible rhesus antibodies

anti-e: Floch et al. 2018: Hiu et al 2020: auto

Anti-hrB ?

Molecular basis of the hrB phenotype is complex/unclear. 

733G:

Not all alleles with this 733G are hrB-

Some alleles are hrB- and do not carry this mutation. 

Weak expression of hrB- can result in a risk of alloimmunisation (Keller 2019)

Transfusion policy
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Transfusion and hemoglobine concentration

Phenocomp
Fyb-

Cryo units Fy(a-b-)

1st unit Caucasian: 
RHCE with HP antigens, 
including hrB

2 cryo units Black:
RHCE variants with
missing HP 
or extra LP 

X

?

Genotyping results of 
donors unknown…

After the cryo units the Hb level stayed more stable. 
Patient had to stay a long time at the hospital due to other complications. 



2 important lessons learned

1) Improve matching of red blood cell transfusion in 

patients with chronic transfusion need, originating from

Sub-Sahara Africa

2) Genotyping our Black African donor population for

RHD an RHCE.  



Can we better match for RHCE?



Rode Kruis-Vlaanderen - 01/01/2019
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= Mainly Caucasian

Origin of donors is not systematically registered

Red Cross Flanders donors
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International Rare Donor Program
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International Rare Donor Program

Main request @ IDRP for RHCE = missing high prevanlence antigens: hrB and hrS

Genotyping patients at intermediate resolution is required.

Minimal requirements for hrB –

RHCE c.48G>C, c.340C>T, c.697C>G, c.712A>G, c.733C>G, c.1006G>T and c.1025C>T 

Minimal requirements for hrS -

RHCE c.48G>C, c.667G>T, c.712A>G, 818C>T and 916A>G

→ Identify donors with the same or similar RH variant alleles.
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2) Pro Acive improve genotyping resolution of patients with hemoglobinopathies for

RHD and RHCE at intermediate resolution. 

LinkSeq RBC genotyping: product is stopped. 

Future strategy
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1) Improve genotyping resolution of patients with hemoglobinopathies for RHD and

RHCE at intermediate resolution. 

CDE eXtend: 

addition of relevant SNPs

Future strategy



54

L
IN

K
S

E
Q

4
8
G

c.4
8
G

>
C

1
0
5
T

1
0
6
 G

>
A

1
2
2
 A

>
G

2
5
4
C

>
G

3
0
7
C

3
4
0
C

>
T

5
7
7
A

6
0
2
 G

>
C

6
6
7
G

6
6
7
G

>
T

6
7
6
G

6
7
6
 G

>
C

6
9
7
C

>
G

7
3
3
C

>
G

7
3
3
C

7
4
8
 G

>
A

9
1
6
A

>
G

9
4
1
 T

>
C

1
0
0
6
 G

>
T

1
0
0
6
G

1
0
2
5
C

>
T
 

1
1
3
2
C

>
G

 

1
0
9
b

p
 in

s 

Prevalence

CHANG 

2020

n= 848 SCD 

AA

C
D

E
 E

X
T
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335+3
039in

s10
9

ce(48C) = 

e+ weak

0,23
X X X

ce 0,2 E X X

Ce 0,18 X X X

ce

VS01(733G

)

0,14

X X X

cE 0,1 E X X

ceVS03, ceS 0,045 X X X X X

ce(254G)

ceAG

0,041
X X X

ce 

VS02(48C,7

33G)

0,031

X X X X X

NO ISBT, 

proposed: 

RHCE*ce.01

.02

0,03

X X

ceVS09 0,027 X X X

cE.04 0,017

ceTI 0,012 X X X X

ceMO 0,011 X X X X

ce VS06 

ceCF

0,0023
X X X X X

ceBl 0,0023 X X X x X

ceEK 0,0017 X X X

ceVS.05 

ce(733G,10

06T)

0,0017

X X X X

CE 0,0011 X X X

ceAR 0,0006 X X X X X

ceVS04, 

ceTI type 2

0,0006
X X X X X

ceVS07 

ceJAL

0,0006
X X X X

ce(254G,73

3G) 
X X X X

ce(48C,254

G,733G)
X X

Ce.10.02 X X

ce-D(9-10) X X

ceHAR X X X X X

CeRN

Ce.10.01
X X

ceSM X X x

The New CDE Extend will allow to discriminate
the most frequent/important RHCE alleles
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1) Improve genotyping resolution of patients with hemoglobinopathies for RHD and

RHCE at intermediate resolution. 

CDE eXtend: addition of 

relevant SNPs

Meet the minimal requirements

for hrB-, hrS-

Allowing to set up a personalized

transfusion protocol with

compatible donor requirements.

Future strategy

RHCE SNPs hrB- hrS- CDE eXtend
48G in kit

48G>C X X in kit

106G>A developed

122A>G in kit

254C>G in kit

307C in kit

335+3039ins109 in kit

340C>T X in R&D

340C in R&D

577G developed

577A developed

667G>T X in R&D

667G developed

676G>C in kit

697C>G X in R&D

697C developed

712A>G X X developed

712A developed

733C>G X in kit

733 C developed

787A>G developed

800T>A developed

818C>T X in R&D

916A>G X developed

939G>A/C

1006G>T X in kit

1006G developed

1025C>T X developed

1025C developed
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2)  Genotype our Black African donors 

proxy FYGATA

Future: systematically register origin donors.

3) Genotype 10 000 random donors to find more rare bloodgroups not only for RHCE. 

Future strategy

Donors Extern Gent Leuven Jette Total

Homozygous FYGATA 35 61 67 43 47 253

Heterozygous FYGATA 2 18 30 54 9 113

Homo + heterozygoot 37 79 97 97 56 366

0
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300

350

400

FYGATA positive results 01/01/2018 - 01/11/2022
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1) For patients with black origin

- Caucasian donors can be unfeasable

- Not all Black donors are suitable

- Need intermediate genotyping results of RHCE of patients to setup a 

personailized transfusion protocol.  

2) Register the etnicity of our donors

Genotype donors from African origin for RHCE at intermediate

resolution: Set up Rare donor panel for RHCE. 

3)  Future sequening?

What we learned
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