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Reason of complexity
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The reason we are talking 
here today about the RhD 
lies in its complexity, as 
this three-dimensional 
image shows.
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• Genes are located on human chromosome 1
• 10 exons
• 91,7% sequence identity (out of 417aa only 36 are different)
• encoding a 417-amino-acid,transmembrane protein (RhD and RhCE, 

respectively) exclusively expressed at the surface of erythroid cells in a 
multiprotein complex
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The reason we are talking 
here today about the RhD 
lies in its complexity, as 
this three-dimensional 
image shows.
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TRANSFUSION 2016;56;2520–2531; doi:10.1111/trf.13739.
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• Mutations result in aa substitution in intramembranous portion (>90 SNPs)

• Reduction of D antigen >10 fold

• Expresses all D epitopes

• Weak D 1, 2 and 3 don’t form allo anti-D

Weak D Polymorphism
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• >30 epitopes on the extracellular portion

• Entire portion of some epitopes could be 
missing

• Patients missing a single Rh epitope can make 
antibody to the missing piece

• Partial Ds are not necessarily compatible with 
each other

Partial D Polymorphism

2 3 4 91 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 10

2 3 4

91 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 10

Partial DVI

Normal RHD Normal RHCE
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Lack of RH Gene Expression

• Rh null: No D,Cc or Ee antigens

• Caused by a mutation in RHAG gene (in 
the regulator type)

• Or to the deleted RHD paired with silent 
RHCE allele (in the amorph type)

• D - -: Lacks Cc,Ee; has enhanced D

• Mutation in RHCE gene

• Rh negative: Lacks D antigen

• Deletion of RHD gene, Caucasians (≈ 
15%), Tunisia ((≈ 94%)

• African descent: RHD pseudogene, & 
hybrids

• Asians: Del
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Getting it R(h)ight with genotyping
Sunitha Vege, MS – New York Blood Center Enterprises
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From the 1990s to the present, the 
evolution in the discovery of 
antigenic variants has been 
remarkable (although in this photo 
we can only see up to 2005!)…and 
we got to 600 variants
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Distribution, prevalence
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Region/Ethnicity Common RhD 
Variants

Type Estimated 
Prevalence

Clinical Relevance

Europe (Caucasian) Weak D Types 1, 2, 3 Weak D 0.2–1.0% Usually non-immunogenic

Europe (Caucasian) DVI Partial D 0.1–0.5%
Can cause anti-D 
formation

Africa / African 
descent DAR Partial D 1–2% High immunogenicity

Africa / African 
descent DAU Partial D 1–2% High immunogenicity

Africa / African 
descent DIIIa Partial D 1–2% High immunogenicity

Africa / African 
descent DNB Partial D 1–2% High immunogenicity

Asia (East Asian) DEL
Very Weak 
D 10–30% of RhD-neg Often missed in serology

Asia (East Asian) Weak D Type 4.2 Weak D Rare Variable immunogenicity

Latin America Weak D Types 1–3 Mixed 0.5–1.5% Depends on ancestry

Latin America DVI Partial D 0.5–1.5% Depends on ancestry

Middle East DVI Partial D 0.5–1.0% Risk of alloimmunization

Middle East DIIIa Partial D 0.5–1.0% Risk of alloimmunization

https://doi.org/10.1309/AJCPSXN9HQ4DELJE
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Serology
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Transfusion
Mar2015;55:680-689
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RhD working group

45% minorities

485,000

4900

In red, re-calculation based on effective incidence in minorities
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Case studies
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On the 4th of March your lab notified Immucor of a discrepancy in RhD typing for samples xxx and 
xxx belonging to the same patient.

Neo Iris gave a Negative report on the RhD typing (reading values 17.9 on both samples with Anti-D 
Rapid).

The samples tested on Echo V2 gave an NTD (not determined) result, falling into the "gray area" for 
equivocal reactions.

• the patient had a previous RhD positive typing

• the EFS sent a report for a confirmed RhD typing

Genotyping made by the German Red Cross:

The patient is a PARTIAL RHD: RHD*DFR1

THIS NEEDS TO BE REPORTED AS RHD NEGATIVE and treated accordingly for transfusion 
and immunoprophylaxis purposes.

Case 1
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On the night of Friday 04/21/2023, the Neo Iris returned a negative RHD result while a Patient was 
known to be RH D pos by her anteriority.

The Patient with 6 g/dL of hemoglobin having received several transfusions in RhD Negative (2 CGR 
on 03/21 and 1 CGR on 04/13)

On 04/21, in the clinic's emergency room, a possible double population was not detected in the two 
RhD wells (anti-D rapid and anti-D Novaclone)
The scores are between 21 and 24.3: therefore, high but negative because below the threshold of 
30, results without double-population alarm.

The patient is a PARTIAL RHD: RHD*10.X - DAU
THIS VARIANT MUST BE CONSIDERED AS RHD NEGATIVE and treated accordingly in the 
obstetric and transfusion context.
The genotype shows that the Patient's previous RhD phenotype was FALSE and clinically dangerous.
Under these conditions it is normal that the double population after RhD negative transfusion is not 
visible.

Case 2
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Case 3 - Discrepancies study – Italy 2019
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Case 4
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• 77-year-old man

• Malignant neoplasm

• Patient previously has typed D+ on multiple 
occasions

• Over time strength of reaction with Anti-D 
weakened

• Patient RBCs now type D–

Case 5



©
 W

e
rf

e
n
 A

ll
 r

ig
h
ts

 r
e
s
e
rv

e
d
. 

C
o
n
fi
d
e
n
ti
a
l.
 F

o
r 

in
te

rn
a
l 
u
s
e
 o

n
ly

35

• Adsorption/elution with polyclonal anti-D and anti-C is revealing the D but not the C

Many reports for reduced expression of Rh antigens and Rh mosaicism reported in 
leukemia, myeloid metaplasia, myelofibrosis, and polycythemia.
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• Adsorption/elution with polyclonal anti-D and anti-C is revealing the D but not the C

Many reports for reduced expression of Rh antigens and Rh mosaicism reported in 
leukemia, myeloid metaplasia, myelofibrosis, and polycythemia.

Report of a patient who made anti-D and anti-C after loss of antigens

Blood 1979; 54:642-647
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Case 6

RhD RT typing with

• Anti-D Novaclone 

• Anti-D Rapid

Negative

Weak D test in tube

Negative

Weak D test with Solid 

Phase on Iris

Positive
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• The genotyping revealed a Weak D type 11
• c.885G>T in the RHD gene, resulting in M295I (Methionine to 

Isoleucine at codon 295)
• Donors need to be recognized and typed accordingly
• Poland: ~1 in 4,457; Southwestern Germany: ~1 in 90,909
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RhD alloimmunization
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RhD Alloimmunization in Hospitalized Patients

1. Oslo University Hospital Retrospective Study

• Study Period: 2006–2011

• Population: 607 RhD negative patients (mostly cancer and cardiovascular 

surgery)

• Findings: After receiving 1926 RhD positive units, 22.2% developed anti-D 

antibodies. In 19.7%, the antibodies became evanescent over time.

• Strategic RhD positive transfusion can conserve RhD negative units but carries a 
measurable immunization risk

https://onlinelibrary.wiley.com/doi/epdf/10.1111/tme.13118
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RhD Alloimmunization in Hospitalized Patients

2. Trauma Patients of Childbearing Age

• Study: University of Pittsburgh, published in Hematology (2021)

• Findings: Among 96 RhD negative trauma patients aged 13–50 who received 

RhD positive RBCs or low-titer group O whole blood (LTOWB), 42.7% developed 

anti-D antibodies

• High alloimmunization risk in emergency transfusions, especially relevant for 

women of childbearing age

https://www.tandfonline.com/doi/pdf/10.1080/16078454.2021.1905395
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RhD Alloimmunization in Hospitalized Patients

3. BEST Collaborative Study on Alloimmunization Sources

• Scope: 1200 RhD negative patients across 30 institutions in 5 countries

• Findings:
• 52% of males developed anti-D due to transfusion.
• 5% of females developed anti-D from transfusion (most from pregnancy).
• 33% had additional antibodies (anti-C, anti-E) 

• Transfusion is a major source of RhD alloimmunization, especially in males.

Transfusion. Published online March 10, 2025. doi:10.1111/trf.18202
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• ISBT: www.isbtweb.org/isbt-working-parties 

• Rheference for RHD: www.rheference.org 

• Rhesus base for RHD: www.uni-
ulm.de/fileadmin/website_uni_ulm/archiv/wflegel/RH 

• NYBCe for RHCE: www.nybce.org/national-center-for-blood-group-
genomics/rhce-table/ 

• Erythrogene: www.erythrogene.com/

• Blood Group Antigen FactsBook

In conclusion: where to find information on the 
variant?



Thanks!
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