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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.

Transfusion. 2021;61:1286-1301.




« 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

Upstream Downstream

box RHD box RHCE
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The reason we are talking
here today about the RhD
lies in its complexity, as
this three-dimensional
image shows.

90°
rotation

" RhAG polypeptide [l Residues in RhD differing from RhCE
" RhD polypeptide [l Cc associated residues on RhCE
" RhCE polypeptide [ Ee associated residues on RhCE
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Partial D Polymorphism

>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

Normal RHD Normal RHCE

1 2 3 45 6 7 8 9 10 12 3 45 6 7 8 9 10
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Partial DVI

12 3 45 6 7 8 9 10 1.2 3 45 6 7 8 9 10
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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 - -:lLacks 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

10
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Common genetic mechanisms that impact expression

c.676 c.676
* Missense mutations — most common LR Tt
* Nucleotide substitution that results in different amino acid Ala Leu Pro Leu

* Can result in weak, partial, or “el” phenotypes e+ p.2|26 E+ p_|225

* Nonsense mutations : f?? - : cz'm -

» Nucleotide change that causes immediate stop codon TGGGCA TGAGCA
. . . Trp  Ala Ter _ Ala
* Truncated protein, often leads to antigen negative phenotype .

|
D+ p.90 D— p.90 RHD*0IN.10

* Indel: Insertion (“In”) or deletion (“del”) of 1 or more nucleotides

« Often causes frameshift and premature stop codon
« Truncated protein, often leads to antigen negative phenotype

c.679_683 c.679_683delCTGCT
]_k_\ /—1—\
rrrrrrrrrrnri rrrrrrrrrrunria
GCTCTGCTGAGA GCT- ----GAGA
[U veeeremearensersiainaninesinns STOP
Ala Leu Leu Arg Ala Glu 89 AA dowragers
predicting ct+ e+ c—e-(null) -
RHCE"ceN.06 £ New York Blood Center Enterprises
Getting it R(h)ight with genotyping Wel'fel'l

Sunitha Vege, MS - New York Blood Center Enterprises



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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DEL

weaak D

D negative
unassigned

partial D

D category
normal D

Flegel W.A., Trans. Clinique et Biol. 2006

The first examples of weak D
and DEL were discoverad in
1999 and 2001, respectively

b —
Wariants of RhD - curmand w<ting and clinical consequances
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Now over 200 D variants are
recognized!
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Distribution, prevalence
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RhD Partial and RhD Weak

i

RhD Partial
RhD Weak




Europe (Caucasian) Weak D Types1,2,3 WeakD 0.2-1.0% Usually non-immunogenic

Can cause anti-D

Europe (Caucasian) DVI Partial D 0.1-0.5% formation

Africa / African

descent DAR Partial D 1-2% High immunogenicity

Africa / African

descent DAU Partial D 1-2% High immunogenicity

Africa / African

descent Dllla Partial D 1-2% High immunogenicity

Africa / African

descent DNB Partial D 1-2% High immunogenicity
Very Weak

Asia (East Asian) DEL 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 Dllla Partial D 0.5-1.0% Risk of alloimmunization

https://doi.org/10.1309/AJCPSXN9HQ4DELJE werfen



Weak or Discrepant RhD: International !

v Korea: 0.01-0.02%
Type 15, DBS1, Type 25

o - "o Japan: 0.01%
o €.960G>A, Type 15, Type 24
’ : \.
v‘:::,v N -
UngpREN China and Korea:
e ,:m".;; 2 A Type rare ‘D-negatives’ for Cand E
oo ) to seek Asian DELs => manage as D+

China: 0.01% Type 15, DVI.3, Type 25

Thailand: 0.01%: DVI.3, Type 25
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Serology
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US

G s

~ Weak or discrepant RhD phenotypes in US:

4 US genotyping studies with race/ethnicity*

1

Composite data compiled from

Boston 2010: Wang et al
New York-US 2021: Vege et al
Chicago 2022: Barriteau et al

Los Angeles 2021: Hudgins et ¢

g FFFFEFIEEE

*Ramsey G, Barriteau CM
submitted for publication

—2%—

White (n=182) Black (n=163) Hispanic (n=57)

OWeakDtypes1,2,3, 41 OTyped0

0 O0therpartial 0 ) Other
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Study of anti-D reactivity with known RHD alleles

Direct Agglutination RhD Typings Direct Agglutination RhD Typings
20%
O Negative © Weak-2+ ¥ 3+-4¢ QN Wetke R
60%
P % 2%
" ox
s - — &
= Y S 0N
B n%
fox
5.1
g -
™ P 10% "
. »
0% (-
Weak D Type 1 Weak D Type 2 Weak D Type 3 Type d0 DAR DAUS
14-16 specimens each Each specimen tested with 20 antisera 4-17 specimens each

Theiler C, Hu Z-G, et al. Weak and partial D phenotyping: a comparison study
between molecular and serologic results. Transfusion 2022,62:148-49A

$



Brazil

F=pareed: 2 Supust 015 | Srcepted: T3 February 2017

DO 1001002/ cla 22221

RESEARCH ARTICLE WILEY

RHD alleles among pregnant women with serologic discrepant
weak D phenotypes from a multiethnic population and risk of
alloimmunization

Carolina Bonet Bub*©® | Maria Giselda Aravechia® | Thiago Henrique Costa® |

José Mauro Kutner® | Lilian Castilho~




Brazil

This recommendation supports the use of RHD genotyping in ob-

Serologic reagents cannot always discnminate between weak D

) o o stetric patients in order to avoid confusion due to discrepant serologic
and partial D, and reactivity patterns often reflect the characteristic of

results and to indicate the RhiG. Knowledge of RHD variant alleles and

the reagent rather than the D expression on RBCs but, as the genetic , , L . , ,
risk of alloimmunization in obstetric patients are important for prena-

basis of most common RhD variant antigens has been determined, D

58 tal management.

vanants have been classified at molecular leve

A total of 104 pregnant women samples with discrepant results or

weak reactivity with two monoclonal anti-D reagents in routine diag-
nostics were tested by hemagglutination with currently used MoAbs
in Brazil and by molecular analyses.



Brazil

This recommendation supports the use of RHD genotyping in ob-

stetric patients in order to avoid confusion due to discrepant serologic A total of 104 pregnant women samples with discrepant results or
results and to indicate the RhiG. Knowledge of RHD variant alleles and
risk of alloimmunization in obstetric patients are important for prena-

tal management.

weak reactivity with two monoclonal anti-D reagents in routine diag-
nostics were tested by hemagglutination with currently used MoAbs
in Brazil and by molecular analyses.

Serologic reagents cannot always discnminate between weak D
and partial D, and reactivity patterns often reflect the charactenstic of

the reagent rather than the D expression on RBCs but, as the genetic
basis of most common RhD vanant antigens has been determined, D
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Brazil

Serologic reagents cannot always discniminate between weak D
and partial D, and reactivity patterns often reflect the charactenstic of
the reagent rather than the D expression on RBCs but, as the genetic

A total of 104 pregnant women samples with discrepant results or
weak reactivity with two monoclonal anti-D reagents in routine diag-

basis of most common RhD variant antigens has been determined, D nostics were tested by hemagglutination with currently used MoAbs

in Brazil and by molecular analyses.

vanants have been classified at molecular IEUEI.M'

This recommendation supports the use of RHD genotyping in ob-

stetric patients in order to avoid confusion due to discrepant serologic
results and to indicate the RhlG. Knowledge of RHD variant alleles and
risk of alloimmunization in obstetric patients are important for prena-

tal management.




Brazil

RHD allele

RHD*weak D type 1
RHD*weak D type 2
RHD*weak D type 3
RHD*weak partial 4.0

RHD*weal D type 38
RHD*weak D type 45
RHD*weak D type 67
RHD*DAR1.00
RHD*DV1.1

December 2014 access in http:/www.isbtweb. org/working-parties/red-cell-immunogenetics-and-

MNucleotide changes

809T=G

1154G=C

8C=G

602C>G, 607A>G, 667T=0, 744C>T,
957G=A,1025T=C

833G=A

1195G=A

J22C-T

602C>G, 667T>G, 1025T>C

505A=C, 509T>G, 514A=>T, 544T=A,
S77G=A 594A-T, 602C>G, 667T>G,
676G=C, 697G=>C, 712G=A, 733G=C,
T44C=T, 787G=A, BO00A=T

[RHCE-like segment of CE-allele
encompassing exons 4-5)

blood-group-terminology/ in blood group allele tables.

Haplotypes
DCe
DcE
DCe

DCe
DcE
DcE

DcE

Risk for anti-D

No

TABLE 2 RHD alleles and reactivity with monoclonal antibodies (MoAbs)

MoAbs reactivity

Tube Gel Grifols
Samples (n)  RHD alleles MS201 M5S26 IAT P3X61 P3X290, P3X35, P3X61, P
9 RHD*weak D type 1 2+ 4+ 2+ 2+
12 RHD*weak D type 2 0 2+ 0 1+ _
2 RHD*weak D type 3 2+ 3+ 3+ 4+
51 RHD weak partial 4.0 3t 4+ ar 2+

6 RHD*weak D type 38 0 (+) 0 0

RHD*weak D type 45 0 (+) 0 0

RHD*weak D type 67 0 (+) 0 0
12 RHD*DAR 0 3+ 0 2+
10 RHD*DVI 0 2+ 0 1+




Brazil

tentially at risk for the development of anti-D. If we were to select can-

didates for RhlG based only on the serological technigues applied in
this study, we would not recommend prophylaxis for pregnant women

with RHD*weak partial 4.0 as it was detected with all MoAb selected
and, we would unnecessarily recommend the RhlG for the carriers of
RHD*weak D type 2 that showed the same pattern of serologic reactiv-
ity of partial D DVI. Our data show that although those variants have
different molecular background they can present the same serologic
pattern of reactivity. This finding reinforces the importance to perform
RHD genotyping to identify weak D discrepancies for obstetric pa-



Transfusion

Mar2015;55:680-689

It’s time to phase in RHD genotyping for patients with a serologic
weak D phenotype

S. Gerald Sandler," Willy A. Flegel,> Connie M. Westhoff,” Gregory A. Denomme,” Meghan Delaney,’
Margaret A. Keller,” Susan T. Johnson,” Louis Katz,” John T. Queenan,” Ralph R. Vassallo," and
Clayton D. Simon"
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RhD working group

3,953,000 Live births

3,812,000 Pregnancies
45% minorities

. 556,500 RhD-negative
485,000

16,700 Serologic
Weak D

. 4900
24,700 unnecessary W 13,360

"H._h /I'
ante- and waak D types 1, 2

_ ~ or3d /
pnstpartum

RhIG injections v

In red, re-calculation based on effective incidence in minorities

RhD Genotyping

27

werfen



Positive

. Discrepant/inconclusive
Negative -

strength of reaction weaker than
expected
(serological weak D phenotype)

(and concordant
with patient history,
if available)

Not a candidate for
RhIG
RhD-positive for
transfusion

* (Candidate for RhIG Send for RhD
* RhD-negative for genotyping for

transfusion weak D types

Weak D type 1, 2, or 3 Weak D type 1,2, or 3
Not detected Detected
* May be at risk for forming anti-D * Not at risk for forming anti-D
* (Candidate for RhIG * Not a candidate for RhIG

werfen
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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.

werfen



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.

werfen




Serology — molecular correlation

Mean of anti-D agglutination score obtained from all the donor with the
same RhD genotype

Anti-D typing by gel card Anti-D typing by solid phase
(ID ABO, Biorad) (Capture Ready, Immucor)
anti-D at screening | anti-D IAT | anti-D at screening | anti-D IAT . . L.
IgM (TH-28)+/gG(M S-26) IgG(ESD M, 175-2) IgM (RUM-1) 2)HE£?I{JE;E:IE4) »~ D|ffe rent r‘eact“”ty
RhD genotype i Agglut. | Agglut. o Agglut. | Agglut. due to different
score score score (%) | score (%) anti-D reagents
DD POS 4+ 4+ POS 100 99
weak D type 1 nd 2 St nd Sl 99 A
i > All 3+ reactivity
weak D type 2 nd 1+ 2+ NEG 20 99 (usuall Considered
weak D type 3 POS 3+ 3+ nd 64 99 M
normal) had a D
weak D type 4 POS e St nd 69 99 .
weak D type 4.1 nd 2F 2F nd 46 99 variant
weak D type 4.2 POS 3+ 3+ nd 69 99
weak D type 5 NEG 0 25 NEG 11 88
I_> weak D type 11 NEG 0 0 NEG 15 45
: DFR POS 4+ 2+ NEG 14 98
DNB POS 4+ 2+ nd 76 99
Dcat. V nd E 3+ NEG 11 87
D cat. VI - type 1 nd 2+ 2+ NEG 18 89
weak D 1/ weak D 4 nd 2+ 2+ nd 43 99 We rfen
weak D2/ weak D 4 NEG 0 2+ NEG 17 78




Case Study

Pat_lent: _ D typing results indicate her
African American RBCs are D+ with (slightly)
Delivered her 3™ baby weakened expression
Anti-D, 3+ by PEG IAT in her RBCs also C— E— c+ e+

plasma at delivery
Autocontrol negative

Results obtained in direct testing

Anti-D reagents Reaction with DNA analysis predicts:
IgM + 19G Patient RBCs Presence of weak D type 4
#1 2+ Associated with 2 amino acid
% 2 3+ changes: T201R and F223V
that are predicted to be in the
#3 3+ internal portion of RhD
#4 2+

16 4 New York Blood Center  Iwerfen




Serology testing

* Initial testing Anti-D DAT _
« 77-year-old man s | o IS |5 min
POLY 0 0
« Malignant neoplasm IAT | O Control 0 0
- Patient previously has typed D+ on multiple  Testing with multiple reagents
occasions Patient RBCs
« Over time strength of reaction with Anti-D Anti-D 1S IAT
weakened # 1 mono 0 0
) # 2 mono 0 0
« Patient RBCs now type D- 473 mono 0 0
BeadChip array for prediction of # 4 poly nt 0
common RBC phenotype * RBCs also type C— E—-c+ e+
: » Patient is an apparent rr
Antigen Results
C +
C +
e +
E 0
« DNA:
» Markers for RHCE™C present
- Serology:

« C-with 2 examples of Anti-C
* No indication of mixed population
- D and C in question werfen




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

BLOOD

BUCCAL

Controls
D- D+ D+
C- C+ C-

Controls
s D+ D- D+ D+
Patient C+ c_ C+ C—

& RHD exon 4
€—— RHCE*C

<€—— RHD*Psi
<€«—— RHCE*c

€ RHD exon 7

Reduced signal for RHD and RHCE*C RHD and RHCE*C signal

comparable to controls

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

35
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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.

Loss of Rh Antigen Associated With Acquired R
Antibodies and a Chromosome Translocation
in a Patient With Myeloid Metaplasia

By Barry Cooper, Pater V. Tishler, Leonard Atking,
and W, Roy Breg

-

Myeloid metaplasia is a clons! dispase of
tho marrow pluripotent stem cell bnowhich
n constant cytogenstic abnormality could
riauilt im an altered antiganic charactéristic
of hematopoiptic eells. A BT-yr-old man
weh had noguired myoleld metaplagio &t
sge 37 was noted to be Rh negative,
although blood typing at age 32 was Rh
positive. Hiz eryihrocyios reactid with
anti-¢ aAd aai-o, typica] for an Bh negative
indbddual. Analyeiz of 11 metaphass beng
marrowy calls by G-banding rovealed 46
chromosomes with 8 consisient anemaly @
100% of ealls nwalving chromosemas 1 and

13. The changet wire consistent wig ,
reciprooal translocation, with break peing.,
at approximatoly 1p32 and 13922, ak
broak points at 1p13 and 13974 wars gjg,
poasible, Sinco prévious Cytogenstic day,
have localized the Rh gene to the short aey,
of chromosome 1, our data indicate the gy,
gang Hes within the ssgmant 1pd3-- “1p3z,
Serum of this patient had cireulating anyipg
and snti-C antibodies. Consequantly, iy
patignt logt immunsogic lerance 4o 4
salf antigen’ after losing tha ability 1o
enprass this antgen.

36

Blood 1979; 54:642-647

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




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

Informazioni Generali | Risulkati I Reagentil Log Eventi

ID Campione I Madifiche I Elemant 1 I Element 2 | Posizione
O o4416036 A RH+ AlL...ALZ
O o4416009 Q RH+ EOL...B1Z
O 04416021 AB RH+ coL...C12
O 04415033 o} RH+ Doti...Diz
O 04416043 O RH+ EOL...E12
O o4416031 A RH+ FO1...Fi2
O o4416025 A RH- G0l GLE
O 4416014 Q RH- HOL...H1Z

Mastra

® | © | &

+ - Gradn Walori Agglut. Immagine

1 2 5 4 5 ] 7 g 9 10 11 12
dE L SRl JL RS L IRdRaL L
B . I BAEAERAL I IBRIERE K |
Cla| o] e |80 B =] o | S
) . - - - L -
E . e | == | =] = |8
Fl - LAk JL U P | oW
G| - o | W o r e e e e
H == =¥ re e e e

est Details - Plate: SC25402477, Sample: 04416014, Assay: Weak D2

‘isualizzazione Piastra |

1D Campione I Madifiche I

Posizione

O o24381131030191473 Positive  C01,..001
] 111354139430425322 Megative  A01...BO1
O 04508965 Megative EO01...FO1
O o4s08977 Megative GO1...HO1
D 1209031040 Megative A0Z,..B02
O o4418040 Megative (C0Z,..DOZ
O o71943z3 Megative E0Z...FOZ
O 0408930 Megative GOZ...HOZ
O 1209031025 Megative  A03...BO3
D 04503926 Positive  C03,..003
O o4s0897e Megative EO03...FO3
O o4eaz47s Megative  G03...HO3
O 1209031027 Megative AD4...BO4
[0 o4s075s9 Megative (04...D04
O 0407575 Megative E04...FO4
O srosi33s Positive  G04,..HO4
O o4418025 Megative  A0S,..BOS
m|

[0 o4ssesez Megative EO0S...FOS
D 1209031083 Megative G03...HOS

[ Mostra
© | &
+/- Grado Walori Agglut, Immagine
2 b 4 5 & 7 8 9 10 11 12
- - - - s
Bl » - . . .
c B 2 z
Dle ‘= e | =]«
E|] = - - - -
Flk = - - - -
G| = - . -
i P NS RPNT e e ey ey e
v 1)
Approva Esparta Stampa Chiudi

IMPORTANZA DELLA
IpiZ2AZ10NE RHDE

1IJPJ]IZS SO DILUNI

ASPIRANTE

 Cinzia Vio, @ Nicoletta Bertazzo, &
™ Cinzia Vio, @ Nicoletta Beris?e0:

DIMT & Padovas:
@ Cenero Tra

campione dellaspicanto donatoro & fisul-
BT Lantgene RNO (RH1) @ 4 pic "

Tt ot socasions 7 tipizzazione RhD a TA € posiivo altest
e O easrod ABO, Gl uaeard piure Select (4+). 1 test D Weak eseguito
L sinstinins ol medesimo siero utlizzato in fase soida
JACLONE 1gG+IgM) ha dato €510 negativo.

(con positivith deboli sulla 2* ¢ sulla 4* co-
lonnia) @ in BM. La BM ha evidenziato un genotipo cor-
rispondente al DWeak 11, con fenctipo Cc ee. La pre-
senza nello stesso gene di Ce (in s RHCE"Ce) porta
all'espressione del fenatipo Del.

= m Come & noto, il fenctipo Del & molto in-

tiootarmente attenta alla sensibilitd nel riconoscimento
di variants D debol 0 rare. Il caso descritto riguarda un
aspirante donatore con un fenotipo D variante non fre-

37
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The genotyping revealed a Weak D type 11

c.885G>T in the RHD gene, resulting in M2951 (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

werfen
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RhD allo
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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, 22.29% 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

werfen




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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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
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Thanks!
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