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Aims of this talk

Historical look at 
blood group 
discovery

From 
hemagglutination 

to genotyping

New techniques 
and tools

Interpretation 
barriers

WP –
Nomenclature and 

ISBT database

What else can our 
blood group genes 

tell us?
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Plasma
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Looking back at hemagglutination
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Landsteiner reported in 1900 that if he 

mixed the red blood cells and plasma 

from himself and his 5 colleagues:

 Some RBCs clumped, some did not 

 Three patterns seen: A, B, C (now 

A, B, O)

Immunohematology was born!

 Same technique has been used for 

125 years…
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Hemagglutination remains the basis 

of blood group discovery

 ABO/D typing

 Antibody screen

 Antibody identification

 Crossmatching

RBC panels
Techniques
▪ Column

▪ Tube
▪ Microplate

• Enhancement solutions
▪ PBS, LISS, PEG

• Incubation temperature
▪ 37oC, RT, 4oC

Automation

So, what’s new?
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398 antigens

371 in 48 systems

2 high prevalence

16 low prevalence

9 in collections

Currently recognized RBC blood group systems and 

antigens (WP meeting Milan 2025-05-31)
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FORS

Modified from a cover of Transfusion, 2010

JR
LAN

VEL
CD59

Direct agglutination:

IgM antibodies

Indirect agglutination:

IgG antibodies

Gene cloning and sequencing

SNP arrays; WGS, WES

1990 ABO gene sequenced

Blood group system discovery is technique-

dependent: 1900-2014
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Blood group system discovery 2015-2025

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

GPI-linked protein

ER synthase

Single pass membrane protein

Multipass membrane protein
36
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42

39

41 4340

44

45

46 47

37
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PEL MAM EMM ABCC1

ER

CD36

LIL MAL
48

PIGZ
The age of multiple parallel sequencing

And bioinformatics
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Bioinfomatic blood group discovery as a 

tool in understanding cell biology
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Case history

 54 yo female patient of French Caribbean ancestry (Guadeloupe 

Island, French West Indies)

 3 pregnancies: 

– 1st baby died aged 1, cause unknown

– 2nd/3rd babies stillborn

 Plasma reacted with all RBCs excluding her own

 RBCs typed weakly Emm+

WES and Crispr-Cas9 approaches were used

– Homozygosity for rare variants found in 11 genes: PIGZ strongest 

candidate

– Confirmed by serial knockouts of all genes in the GPI synthesis pathway
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Duval R, Nicolas G, Willemetz A, Murakami Y, Mikdar M, Vrignaud C, Megahed H, Cartron JP, Masson C, Wehbi S, Koehl B, Hully M, 

Siquier K, Chemlay N, Rotig A, Lyonnet S, Colin Y, Barcia G, Cantagrel V, Le Van Kim C, Hermine O, Kinoshita T, Peyrard T, Azouzi S. 

Inherited glycosylphosphatidylinositol defects cause the rare Emm-negative blood phenotype and developmental disorders. Blood. 

2021;137(26):3660-3669.

PIGZ

Emm antigen

Increased understanding of GPI synthesis

PIGZ enzyme builds 

another mannose 

and ethanolamine 

phosphate to free 

GPI        GWADA 

antigen
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Defects in the GPI pathway are associated with 

intellectual disabilities  

 Pathological mutations described in 16 genes, including 

PIGG, and now PIGZ

 Also associated with phenotypic facial features and 

seizures

 PIGZnull patient did not require transfusion but reported as 

the rarest blood group in the world

 The antigen is called GWADA after the patient’s origin.
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Expanded use of genotyping tools – how can 

these techniques improve immunohematology?
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Uses of genotyping

Patients (traditional)

• Positive DAT

• Transfusion <3 months

• Prophylactic matching for 

hematology patients, e.g. SCD, 

thalassemias, MDS, AIHA, Mab 

therapies

• In utero prediction of blood type, 

e.g. RhD from cffDNA

Donors (personalized)

• Broad blood group antigen profile

– Reduced requirements for frozen blood 

banks

• Health markers

• Disease risk markers

• Blood storage markers

• Evaluation of transfusion outcome
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Uses of genotyping

Patients (traditional)

• Positive DAT

• Transfusion <3 months

• Prophylactic matching for 

hematology patients, e.g. SCD, 

thalassemias, MDS, AIHA, Mab 

therapies

• In utero prediction of blood type, 

e.g. RhD from cffDNA

Donors (personalized)

• Broad blood group antigen profile

– Reduced requirements for frozen blood 

banks

• Health markers

• Disease risk markers

• Blood storage markers

• Evaluation of transfusion outcome
Relatively 

restricted (but 

important) 

applications
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Uses of genotyping

Patients

• Positive DAT

• Transfusion <3 months

• Prophylactic matching for 

hematology patients, e.g. SCD, 

thalassemias, MDS, AIHA, Mab 

therapies

• In utero prediction of blood type, 

e.g. RhD, Rhc, K, HPA-1a

Red blood cell transfusion for hematologic disorders

Liu C, Grossman, BJ. Red blood cell transfusion for 

hematologic disorders. ASH 2015, Figure 2.
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Uses of genotyping

Patients

• Positive DAT

• Transfusion <3 months

• Prophylactic matching for 

hematology patients, e.g. SCD, 

thalassemias, MDS, AIHA, Mab 

therapies

• In utero prediction of blood type, 

e.g. RhD, Rhc, K, HPA-1a

Red blood cell transfusion for hematologic disorders

Liu C, Grossman, BJ. Red blood cell transfusion for 

hematologic disorders. ASH 2015, Figure 2.

• Only 37% AIHA patients are 

transfused

• Poor overall response

• 15-40% produce alloantibodies
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7946
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The future lies with genetic blood 

typing for blood donors
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Development and validation of a universal blood donor 

genotyping platform: a multinational prospective study

Gleadall NS, Veldhuisen B, Gollub J, et al.Development

and validation of a universal blood donor genotyping 

platform: a multinational prospective study, Blood Adv, 

2020, Figure 7.

Copyright © 2024 American Society of Hematology 
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7984 blood donors in 

England and 

The Netherlands

Rapid identification of rare blood:

MDS patient with anti-E, -Coa and -

Wra

➔ Identified 5 active donors among 

the 2692 Dutch donors
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Future of genotyping 

• Multiple parallel sequencing 
technologies vs SNP arrays vs long 
read sequencing?

• MPS already introduced into routine 
HLA/transplantation laboratories 

• One highly complex locus

• Adapt the same technology for >50 
blood group genes

• Both require:

• Better bioinformatics 

• Greater data storage

• Data protection 
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Blood transfusion Genomics 

Consortium (BGC) 

• International partnership 

between blood services, 

research institutions and 

industry leaders

• Aim is to improve the safety 

and efficiency of blood and 

platelet transfusion by 

introducing cutting-edge 

genomics technology into 

routine clinical practice

• Developed a high-throughput 

microarray that can provide 

an inexpensive genotype

• Under validation in large 

blood centers world-wide

https://www.bgc.io
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How (and to whom) do we relay the information?

• Genotyping on patients’ 

samples

• Labelling of blood bags

• Donor/RBC “health” 

information

Biggest challenge to 

speeding up implementation 
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ISBT blood group allele nomenclature

 Provided an international uniform platform for reporting 

genotypes (to clinicians)

– Primarily useful when applying genotyping platforms that focus on 

antigen-specific SNPs

 Provided a numerical system and framework to add newly 

described alleles

 Restricted to variants that affect blood group phenotype

– Silent variants not captured
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New ISBT Database launched November 2025
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Replaces old tables for blood group antigens and alleles

New alleles will be uploaded in real time

ISBT Blood Group Database 

(https://blooddatabase.isbtweb.org)
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Plasma

O A B AB

Back to the future - revisiting ABO
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What is anti-A,B?
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Plasma
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What can ECO-RBCs tell us?

Illustration courtesy of Dr. Jennifer Ricci Hagman

ECO-treated group A RBCs are phenotypically group O…

…yet are crossmatch-positive with >50 % group O plasma!

Jensen M, Stenfelt L, Ricci Hagman J, Pichler MJ, Weikum J, Nielsen TS, 

Hult A, Morth JP, Olsson ML, Abou Hachem M. Akkermansia muciniphila 

exoglycosidases target extended blood group antigens to generate ABO-

universal blood. Nat Microbiol. 2024 May;9(5):1176-1188. doi: 

10.1038/s41564-024-01663-4.
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What can ECO-RBCs tell us?

Differential digestion with a 

cocktail of enzymes reveals 

extended structures such as 

A type 3 and ExtB, and there 

are others:

…under extensive 

investigation with different 

cocktails of gut enzymes
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Anti-A,B is an epitope shared by the A and B 

antigen stuctures

Henry S, Perry H, Obukhova P, Tyrtysh T, Ryzhov I, Bovin N, Datta SS. 

Revealing and quantifying polyclonal anti-A, B specificity in ABO histo-

blood groups. Transfusion. 2026 May;66(5):965-975.
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Mapping specificity with synthetic A/B antigens 

inserted into group O RBCs

Henry S, Perry H, Obukhova P, Tyrtysh T, Ryzhov I, Bovin N, Datta SS. 

Revealing and quantifying polyclonal anti-A, B specificity in ABO histo-

blood groups. Transfusion. 2026 May;66(5):965-975.
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What’s new in Immunohematology

Serological incompatibility still drives discovery but 

”-omics” techniques solve the problem 

 Technological advances help us to improve patient safety 

by Identifying better matched blood

– Reduce the need for rare blood banks

– Identifying storage markers in blood donors

Gut feelings – teaching us more about ABO
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The Blood Group @ LU

Clinical Immunology & Transfusion Medicine
LabMedicine, Skåne University Hospital

Division of Transfusion Medicine
Department of Laboratory Medicine

Our research aims to uncover new roles of the 
red blood cell surface in health and disease, 

with a special focus on the polymorphic 
molecules known as blood groups.
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