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The Blood Group @ LU
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Our translational 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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From Serology to Molecular Biology
- a revolution started already in the 1980s
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Two Principal Ways of Improving 
Blood Group Compatibility

B
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Enhance typing and matching Hide or eliminate blood groups

Patient: A, B, RhD, X, Y, Z…
Donor: A, B, RhD, X, Y, Z…

Patient: No typing required
Donor: No selection required

Z Z

Evolution of Blood Group Typing
to Facilitate Typing Efforts

Anti-Fya pos

Fy(a) pos

Anti-Fya neg

Fy(a) neg

Hemagglutination

Fy(a+b-) Fy(a+b+) Fy(a-b+) Fy(a-b-)

A   B   C   D

Olsson ML et al. Transfusion 1998;38,168-73

A   B   C   D A   B   C   D A   B   C   D

 PCR & Gel-based SNP typing  Automated 
SNP typing

TIME
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The wonderful but complicated
world of molecular biology

- now in full swing!

Need for double-competent staff – a new challenge for 
blood establishments and reference laboratories

Brief look-back at blood groups and genotyping
 The first blood group gene was cloned in the mid-1980s.

Genes underlying ABO and Rh followed in early 1990s.

 Since 2018, all blood group systems can be genetically predicted
(the P1PK and XG systems were the last existing systems to be resolved).

 Now 48 blood group systems acknowledged by ISBT.
But still, the genetic bases for a number of antigens remain unresolved.

 The majority of blood group antigens depend on single nucleotide variants 
(SNVs) in our genome

 Deletions, insertions, gene conversions and other rearrangements can also 
cause changes in blood group phenotype

 Simple and straight-forward for most but complex for a few systems

- e.g. ABO hybrids and subgroups, weak and category RhD, MNS hybrids
- Also, null alleles causing loss of all antigens in a system constitute a challenge because 
there are many ways to “kill a gene”
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Some well-known examples
(reminder)

 Group O depends on homozygosity for c.261delG in >97% of cases

 RhD neg depends on homozygosity for deletion of RHD gene in most 
cases but ethnic variation is challenging

 The Kell antigen depends on a SNP causing an amino acid change 
in the KEL gene (c.578C>T) resulting in p.Thr193Met.

 Whilst Fya vs. Fyb is due to a simple SNP in ACKR1 (FY) gene, 
c.125G/A, the common Fy(a-b-) phenotype is caused by loss of 
GATA1-binding site in the proximal promoter (c.-67T>C) regulating 
transcription in RBCs.

 Genotyping is about detecting these and other genetic bases of 
blood groups in a safe way to predict the resulting RBC phenotype.

Some of the reasons for performing
a blood group genotyping test today

 Cell-free plasma DNA to predict fetal RBC phenotype

 Prediction of common RBC phenotype in multi-transfused 
or DAT positive patients but also in blood donors

 Resolution of serological discrepancies in both patients and donors
- e.g. weak/category D, ABO subgroups

 Screening for, or resolution of, rare variants,
e.g. in patients with “difficult” antibody specificities or mixtures

- includes donor typing for the corresponding antigens

- screening for rare donors

 Quality assurance of test RBC phenotype
- donor zygosity, weak antigen expression, confirm rare phenotypes
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Some of the reasons for performing
a blood group genotyping test today

 Cell-free plasma DNA to predict fetal RBC phenotype

 Prediction of common RBC phenotype in multi-transfused 
or DAT positive patients but also in blood donors

 Resolution of serological discrepancies in both patients and donors
- e.g. weak/category D, ABO subgroups

 Screening for, or resolution of, rare variants,
e.g. in patients with “difficult” antibody specificities or mixtures

- includes donor typing for the corresponding antigens

- screening for rare donors

 Quality assurance of test RBC phenotype
- donor zygosity, weak antigen expression, confirm rare phenotypes

DNA-based blood group typing
- a major global trend

Based on the discovery of molecular genetic basis of blood groups 
 Ongoing since late 1980s
 Still continuing: orphan and emerging blood groups remain

Driven by technological progress in high-throughput molecular biology

Needed to address the growing concern that blood group
incompatibility is an important and not improving reason for:
 Serious adverse events following transfusion
 High degree of immunization and too short transfusion intervals in chronically transfused 

patients (e.g. sickle cell disease, thalassemia) 

Trend in many countries
 EU
 North America: USA, Canada
 South America: Brazil
 Middle East: Kuwait, Saudi Arabia, UAE etc
 Asia and beyond: Japan, China, Malaysia, Singapore, Australia, New Zealand etc.

Interesting trend in some countries that serological expansion is skipped 
in favour of DNA-based progress! 
 Mainly Middle East, some Indian centres, Malaysia, China etc 
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We started offering the first clinical
routine tests to customers in 1996…

In 2001, Lund was formally appointed
as the Nordic Reference Laboratory

for Blood Group Genomics

Manual techniques
- a limitation for routine large-scale use

Luckily, company-driven development
has happened in parallel…
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Some of all the companies that have been or are
involved in developing systems (equipment and/or kits) 

for DNA-based blood group typing

 Inno-Train Diagnostik GmbH, Germany

 BAG Diagnostics, Germany

 Axo Science, France

 Immucor/BioArray Systems, USA

 Grifols/Progenika, Spain

 Agena/Sequenom, USA/Germany

 Life Technologies Open Array, USA

 Beckman Coulter/GenomeLab SNP stream, USA

 Thermo Fisher Scientific, USA

 HaploGNX, USA

 Devyser, Sweden

 And so on…

Goodbye to agglutination and all that?*

*Anstee DJ. 
Transfusion 
2005; 45: 652-3
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Transfusion 
May 2005     
Vol 45

Microarrays and Blood Grouping – 20 years ago!

Microarrays Come in Different Flavours

 Expression (cDNA) arrays most widely used
 High or low density chips depending on spotting device etc

 SNP arrays (those used for blood group genotyping)

 Oligonucleotides include polymorphic position of interest

 Protein arrays
 Target protein on chip
 Catch antibodies on chip

 Glycan arrays
 Target oligosaccharides
 Glycoproteins (targeting combined epitopes)
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Lund, Sweden

Ulm, GermanyBristol, England
(UWE & BITS)

Rotterdam,
The Netherlands

Amsterdam,
The Netherlands

Prague, 
Czech Republic

Barcelona
Spain

EU BloodGen
Consortium 
2003-2006

Derio, Spain

Confidential

The 1st CE-marked microarray-based blood grouping platform
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CO,DI,DO,FY,JK,LU,MNS,SC,LW
HbS
(RHD system being developed)

http://www.bioarrays.com/pro
ducts/15733_HEA.pdf

Quill E. Blood-Matching Goes Genetic.

Science 2008; 319: 1478-9
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Many other technologies
available, e.g. …

 Luminex xMAP

 MALDI-TOF

 TaqMan open array

 Nextgen sequencing

 Long-read, single-
molecule sequencing

26

Many other technologies
available, e.g. …

 Luminex xMAP

 MALDI-TOF

25

26



13

27

 TaqMan open array

Many other technologies have
been used over the years, e.g. …

DNA-based blood group typing
- fast pick-up in the Nordic countries

National RHD screening on maternal plasma started in Denmark in 2010
 Netherlands, England, Finland and other countries followed
 Sweden in national phase soon thereafter (Stockholm, Lund, others) 
 Antenatal Rh prophylaxis
 Clinical benefit and cost-efficiency
 Centralization or not?

Many Nordic centers have tried kits/platforms or equipment for DNA-
based blood group typing and most (if not all) have started routine use

ABO (and advanced RHD markers) are poorly represented on many of 
the commercially available platforms
 As a substitute, some centres have developed in-house methods
 Many of these published, and some even proven better, but not CE-marked

Some centers consider prices still prohibitive
 Several new platforms will soon be launched and (hopefully) CE-marked/FDA-approved
 Prices are expected to come down as competition hardens
 Continuous upgrades constitute challenge for CE/IVDR/FDA approvals

(e.g. BloodChip=>ID-Core => ID-Core+ => ID-Core XT etc)
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At what level should genotyping be 
implemented? National, regional, local? 

Blood centres and/or hospitals?

(and if so How and for Whom?)

 No, not cost-effective or practically possible

 Yes, but for rare cases only (similar to genotyping today)

 Yes, on a partial basis (e.g. chronically transfused)

 Yes, for all group O repeat donors

 Yes, for all repeat donors

 Yes, for all donors and non-emergency patients
(to allow for computerized selection of the best unit)

Different possible impact scenarios, i.e. answers:
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Large-scale blood group genotyping
of donors

 Genotyped >43,000 donors over 4 years
– 32 polymorphisms predicting 42 common and rare blood group 

antigens

 0.52% of tests showed geno/pheno discrepancy

 By the 4th year, 29% of the RBC inventory had been genotyped

Transfusion 2015;55:2610-2615
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Genotyping to match 
donor and patient

 Has the introduction of phenotype prediction by 
genotyping reduced alloimmunisation?

– Likely, but still too early to tell for sure
– Many blood centers have adopted a policy for genotyping
– Cost/benefit is a hot topic
– Sickle-cell disease patients prioritized (more on this later)

 What are the benefits of genotyping strategies?
– More accurate than phenotyping, e.g. RHD/RHCE typing

• Some patients who appear RhD positive make allo-anti-D
• Same goes for Rhc and Rhe categories

– More extensively typed blood readily available on the shelf

– Reduced delays in getting blood to the patient

34

Potential to save by decreasing…
…manual serology workload in the phenotyping lab

…emergency phenotyping to find typed or even rare blood units
(incl. day, night, weekend shifts)

…import/transportation of typed/rare blood

…frequency of transfusion-induced blood group immunization by 
transfusing more compatible units
 Either by chronically transfused patients only

 According to responder gene markers (not yet available)

 All nonacute transfusions

…the number of cases requiring antibody ID workups
or referral to other lab

33
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Genotyping can also open new possibilities
to do something we couldn’t do before

Before 2013, Vel-negative donors were very
hard to find (1 in 4000-5000 in Europe). 

No approved anti-Vel reagents were
commercially available for serological

screening.

What to do for Vel-immunized patients?
(anti-Vel is very hemolytic)

April 2013
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Vel-screening has been implemented at our blood center as part of a 
project to identify more high-prevalence antigen-negative donors. 
Three new Vel– blood donors were quickly identified and confirmed!

DNA-based screening now widely available

520 southern Swedish donors screened:
30 heterozygotes 
0 homozygous mutants
~1/17 heterozygotes 
Calculated frequency of Vel– ~1/1250 

Please note: The speaker has a conflict of interest based on the following patents for 
Vel genotyping: Final European Patent PCT/EP2013/070403 issued on 20 May, 2019.
Final US Patent 10,761,098 issued 1 Sept 2020.

Next-generation sequencing or
Massively parallel sequencing

The amount of data is phenomenal and requires
new strategies for storage and handling
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Affordability of NGS is improving fast

Lane et al. Transfusion 2016; 56: 743-54

NGS-based, comprehensive genotyping
for all blood group antigens 
(for which genetic background is known): 

 Investigated 45 RBC and 6 HPA genes
 One individual
 Proof of principle
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Automated whole-genome study

 38 RBC antigens in 12 blood-group systems and 22 platelet antigens
 110+200 individuals included: serology vs. NGS
 99.5% =>99.8%=>99.2%(=>99.9%) concordance

Lane et al. Lancet Haematology, 2018;Jun;5(6):e241-e251

Wu et al. Transfusion 2018; 58(9):2232-42.
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A targeted Next-Generation Sequencing
approach can include all blood group genes

(but no regulatory approval yet)

A targeted Next-Generation Sequencing
approach can include some blood group genes

(but again, no regulatory approval yet)
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Less costly but more able microarrays are being
introduced – regulatory approval is here or near

”This DNA-based test is capable of simultaneously typing 
most clinically relevant red blood cell (RBC), human 
platelet (HPA), and human leukocyte (HLA) antigens. 

Validation was performed, using samples from 7927 
European, 27 South Asian, 21 East Asian, and 9 African 
blood donors enrolled in 2 national biobanks.”

Gleadall et al. Blood Adv 2020; 4(15):3495-3506 

Genome-wide array tool at 99.9% 
concordance with clinical typing
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18 Sept 2025 (ePub): The latest paper 
on large-scale DNA-based genotyping

Long-read sequencing as a tool to 
resolve blood group problems
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Can AI and machine learning help?

So far, blood group genotyping has not been
able to account for weak, medium or strong 

expression on RBCs of
a certain blood group antigen

(beyond zygosity/dosage effects)

To address this, we recently started
trying to understand 

the regulatory landscape 
of all blood group systems
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The Blood Group Regulome also needs to be 
taken into account for prediction

with higher precision!

Erythrogene
A database of human blood group alleles

www.erythrogene.com (Möller et al. Blood Adv, 2016)

 Assessment of genetic blood group variation in blood group genes
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The Erythrogene Database

Study metadata
 ~1.75 million bp per genome were analysed

 2,504 individuals from 26 population groups around the globe

 43 blood group genes

 Total number of nucleotides = 8,501,108,720 bp

 We identified 210,412 different blood group alleles

 50,076 SNPs
 68.6% were transitions

 31.4% were transversions

 A total of 2,168 indels were observed

Möller et al. Blood Advances 2016;1(3):240-249

The Erythrogene database –
a ”forward genetics” approach?

Can the database predict new blood group antigens?

 Only 241 of the1,241 non-synonymous variants identified were known 
blood group SNPs 

 200 of the remaining 1,000 variants occur in glycosyltransferases

 may alter carbohydrate antigen expression by modifying enzymatic 
activity or specificity

 357 of the remaining 1,000 unknown variants alter amino acids in 
extracellular portions of RBC proteins 

 These may constitute undiscovered or altered blood group antigens

Möller et al. Blood Advances 2016;1(3):240-249
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www.erythrogene.com, Möller et al. Blood Advances 2016;1(3):240-249
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Concluding remarks
 Several medium- to high throughput platforms developed for 

DNA-based blood group typing in donors and patients

 Accuracy rate is now acceptable (better than serology?!)
 So far, not all systems have been CE/IVDR/FDA-approved but many are likely to follow

 The Cost vs. Saving equation is difficult to calculate and 
more cost-benefit as well as implementation studies should
be performed

 Some centres are using DNA-based methods to extend
typing for their donor pool or improve matching for patients 
but many are still waiting for the ”optimal tool”.

 NGS/ONT platforms are not yet approved for clinical use
but are widely implemented to solve immunohematological
problems in the reference/research setting

Dont’ forget:
Everybody is different – also regarding blood groups!

Thanks for listening!

GDPR-secured photo collection from Region Skåne
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