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Regular Article

TRANSFUSION MEDICINE

Patients with Asian-type DEL can safely be transfused
with RhD-positive blood

Blood. 2023 Apr 27;141(17):2141-2150.
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Comment on Ji et al, page 2141

Safe transfusion in Asian-
type DEL

John R. Hess | University of Washington

In this issue of Blood, Ji and colleagues assemble evidence to justify trans-
fusion of RhD™ red cells to individuals with RhD™ cells in conventional typing
but have the common Asian-type DEL mutant.” Their evidence comes from
many sources including direct clinical challenge, epidemiologic studies, and
genomic and transcriptomic analysis and has potential implications for mil-

lions of people.
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Guangzhou Blaond Center
A Conventional [ 4
hemagglutination testing Asian-type DEL in the world
With addition of appropriate antibody Common Asian-type DEL produces many RhD protein isoforms
RBC agglutinate, otherwise they stay in including a small fraction of the full normal protein which seems
suspension to protect these individuals from making alloanti-D.

2 miillion peaple
(China, Japan, Korea,

b i
m a
| Thailand and Burma)

B D eluate cells
hemagglutination testing

DEL or D eluate cells do not
agglutinate with reagent anti-Rhi{D}
antibody, but antibody eluted from
them and concentrated with will
agglutinate Rh{D) antigen positive cells

Y
A s |
Elution and
concentration
of anti-D

antibody
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Patients with Asian-type DEL can safely be
transfused with RhD-positive blood, according
to findings published last week in
@BloodJournal. bit.ly/3NApkvZ

HTransfusion #BloodTransfusion
HAlloimmunization

{‘: & Patients with Asian-type DEL

';{ can safely be transfused with...

;%‘& ashpublications.org
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No anti-D formation
Complete DEL

. YYY Anti-D formation

Partial DEL
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Guangzhou Blood Center
Del defined as weak D expression primarily detectable only by adsorption and elution

Del RHD*Q1EL.01 c.1227G>A 9 p.Lys409Lys PMID: 11495631 [JQ424879 |rs549616139 |Splice site affected
RHD*DEL1

Del RHD*01EL.44 RHD-CE(4-9)- [4-9 Hybrid allele PMID: 19490579
RHD*DEL 44 D

Del RHD*01EL.45 c.721A>C 5 p.Thr241Pro rs1553143921
RHD*DEL 45

| [Del RHD*01EL.46 c.884T>C 6 p.Met295Thr rs1553144518

RHD*DEL 46

DEL Partial D RHD*01EL.47 ¢.510_511insG |4 p.His171Alafs*28 [(PMID: 28714065 |KR611039 also known as ¢.510dupG
RHD*DEL 47

DEL Partial D RHD*Q01EL.48 Exon 9 9 p.Gly385Valfs*80 (PMID: 29214630 |KX793704
RHD*DEL 48 deletion
RHD*Ex9del
RHD*DKG

Del RHD*Q1EL.49 c.1016G>T 7 p.Gly339Val
RHD*DEL 49

Del RHD*01EL.50 ¢.1151C>G 8 p.Thr384Arg
RHD*DEL 50
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AMBYDELINEY ( Asian-type DEL )

Transfusion of RhD-Positive Blood in “Asia Type”
DEL Recipients

Shao CP. N Engl J Med. 2010;362(5):472-3
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?S‘ Asian-type DEL2ZComplete DEL ?

I imigerp i
Giinther F. Kérméczi, et al. Transfusion, 2005 Gu J, et al. Blood Transfus 2014
HHD( K409 K) D epitope Monoclonal anti-D
Anti-D MoAb D epitope* (n=3) 1-9 1-16 IeG IgM
LHM70/45 1.2 - ' 2 el
P3%249 24 + 1 12 LHM70/45 LHM174/102
P3x290 0% | - 2 2.1 P3-249
ESD1 4.1 + 3 3.1 P3+290 LHM76/55
P3x35 54 + 1 4.1 ESDI
P3x241 5.4 + 5 54 P335
BRAD-3 6.2 + 5 5.4 P3-241
HM16 6.4 . 6 63 LHM169/80
P3x61 6.4 - 6 6.4 P361
HM1O 66 + 6 6.4 HMI16
BRAD-5 6.8 s 6 66 HtiG
P3X21 2-1 1 F1 82 s 8 8.1 LHM76/58 LHMS59/19
P§x212-23810 9.1 + % b e
Birma D6 21 i 9 9.1 LHM77/64 P3x21223B10

Not produce alloanti-D?
2023¢F58 | 11




UT snRNP

1227AMFIPEFRYS ss BRI =T |
SHRHDEEMRNAREEH]]

U1 snRNA

©® GuUCCcAUUC? Ul wt
— | I A |

Exon 9 ARAAlgtaagga RHD 1227A
5ss +6

c.1227A

D-negative D-positive DEL

M -/ GG G GA AA A

« 390 bp
+— 294 bp
«— 220 bp

+—140 bp

RHD Exon 7-10
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Chen DP, et al. Transfus Med, 2016
Asian-type DEL individuals D+ individuals

. . lmert:icm Consequence Clone
Alternative splicing Deletion Frequency

1. Exons 7/8/ deletion 7 H 3} (6 1 288bp  exondeletion  42(38.18%)

!

2. Exons7fodeleon (1T H 2 H 3 1 [ 6]

]
=]

-208bp  framechift 34 (30.90%)

10. Exons? leleton Exon (1T H 2 H 3 H 4 ] [ 6 ] (8 H 9 Hid

Exons 8/9 deletion [1_] (3 H 2] (€]

3.
4, Exan 9 deletion 3] (61 (&1 fid -7abp  frameshift 6(5.45%) 1. eons7/g/adeleton [ 1} [3 H a {5 He6l fq -2880p

=]

-i54bp  frameshift 23(20.50%)

!

5. Exons 2/3/7/9 deletion [ 5 H 6 | [ 8] B s46bp  cxondeletion  1(0.91%)
6. Exons 2/3/7/8/9 deletion [ & ] O -626bp  frame shiit 1(0.91%)
7. Exons 7(8/9 deletion with CE replace e 1 [0 2880p  exondeletion  1{0.91%)
3 =] M zl:
8.  Exon9deletion + 170 bpintron 7 [ 2 H 3} [ 5 H 6} [2 ] [ <a6bp exon deletion  1(0.91%) %*q]ﬁkzgl\\ ,¥QES{EE?%J\ RHDE Eg%
A
9. Exons 7/8/9 deletion + 117 bp intron 3 21 [ ] [ H & 1 fd -:71bp exon deletion  1(0.91%)

RIX T RNFTERIRNDIHR ?

Liu HC, et al. Biochim Biophys Acta. 2010
3, Goms/deleton [ s Eon [T O T HEHEHS

4. Exon 9 deletion (3 Ha H 5 H 6] (8] fig -7a0p

8.  Exon 9deletion + 170 bpintron 7 [2 H 4 H 5 H 6} [ & | Ld +osbp

Shao CP, et al. Transfus Apher Sci. 2006

eon [T H 2 H3H4+4H{ s H®&H7HsHIHd
3. Exons8/9 detetion 1 _H_ 2 H 3 | (5] fiq -1sabp
3. Exons 8/9 deletion [ 1 ] [T Ha {5 Hel EQ -1540p
1. Exans 7/8/9 deletion (4 1{ 5 H @& ] g -2880p

1. Exons7/8/9 deletion (3 H a1 (6] [ -2880p
2 Exons 7/9 deletion [1_J = H a1 €1 (&1 [id 2080
2. Exons7/9deleton 1] R . [E] Eq -2086p
4. Exon 9 deletion (2 H3H7sH{s HsH 7 Hsl fid -7a6p

4. Exon9deletion [ 1] [ 2 H 2] (6 H 7 Hsl fQ -740p

8. Exon 9 deletion + 170 bpintron 7 (2 H 2] (6 ] B fid +36bp
1. Exons8/9 deletion s1700p intron 7 [1_} [3 H 2 H s Hs | |3 540

2023£E58 | 13



Q’s Extensive functional analyses of RHD splice site variants:

insights into the potential role of splicing in the physiology

lL'llIiI lIIlEinﬁ Of Rh

Guangzhou Blooo

Transfusion, 2015

¢ Minigene splicing assay in vitro

A 4
o A ox
NG O
S & & EHF PP o
Size (bp] S F R W vs
_P
400 — i —
I — e S S e— — PID:ILDHI gi:?g exon 3
- ——— — —_ !

Exon 9 ‘

1227 ASSTEH(FBINILAFREINEFO , (BEIEED

L 2

Asian-type DELMBRIGERIABEIEFINIELKERS , RIAFRMUTEMRNDHRIR ?
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IGRIEHEZRABAsian-type DELIMEY
BAA & Ein-DEIMRE

Asian-type DELIMBYZ2IA3Lt50080&%R , FX1fIF=%EHn-D

Shao CP. N Engl J Med 2010 ( n=44)

Wang QP, et al. Blood Transfus 2014 ( n =86 )

Xu W, et al. Transfus Med Hemother 2015 ( n = 168 )
Wang M, et al. Transfus Med 2015 ( n=130)
SWEZF. (MEMKERZEE) 2017 (n=41)
B, F. (PEREMDZFE) 2010 (n=20)

HPBHEZ2I37= A -DRISIERTE 18.1-40% Z[H]
Wang QP, et al. Blood Transfus 2014 ( 61/330, 18.5% )
Shao CP. N Engl J Med 2010 ( 38/155, 24.5% )

RHEF. (PEMNKEREZSE) 2017 (28/155, 18.1% )
B, F. (PEIMZFEE) 2010 (40/100, 40% )

2023£E58 | 15
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Transfusion of RhD-Positive Blood in “Asia Type”
DEL Recipients

Shao CP. N Engl J Med. 2010;362(5):472-3

Planned Transfusion of D-Positive Blood Components
in an Asia Type DEL Patient: Proposed Modification of
the Korean National Guidelines for Blood Transfusion

Sooin Choi, M.D.**, Sejong Chun, M.D.2*, Ji Young Seo, M.T.}, Ji-Hyuk Yang, M.D.2, and Duck Cho @, M.D.}

Ann Lab Med 2019;39:102-104

2023£E58 | 16



QS’ Methods and Results
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¢ Asian-type DELFEIEETIAZRIEL
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2 RHD*1227A/1227G
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8| 5 RHD*1227A/1227A

& RHD*1227A/01N.01

0 Wild-type (RHD*1227G/1227G)
75.0 76.0 77.0 78.0

Temperature (°C)

RHD*1227A/1227G
RHD1227A/1227A

— RHD*1227A/01N.
Wild-type (RHD*1227G/1227G)

75.0 76.0 770 78.0
Temperature (°C)
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Table S1. Results of RHD genotyping for 1036 Chinese pregnant women and 541 patients

’ with DEL phenotype
| '[';E'I'_":)dh‘;ﬁzt‘;‘;;' ;‘:ﬁ;i;“’ Frequency  RHD_Allele 1 RHD_Allele 2
I M1 i 3P I
Husngzheu Bised Lenter Pregnant women 863 83.1% RHD*1227A =
(n=1036) 102 9.8% RHD*1227A RHD*1227A
53 51% RHD*1227A RHD*D-CE(2-9)-D
6 0.6% RHD*1227A RHD*711delC
2 0.2% RHD*1227A RHD*D-CE(2-7)-D
1 0.1% RHD*1227A RHD*D-CE(2-10)
4 0.4% RHD*1227A RHD*CE(1-9)-D
1 0.1% RHD*1227A RHD*680 _684delTGCTG =
1 0.1% RHD*744T -
1 0.1% RHD*1222C -
1 0.1% RHD*761T * -
1 0.1% RHD*1227delG * -
Patients 464 85.8% RHD*1227A —
(n=541) 50 9.2% RHD*1227A RHD*1227A
12 22% RHD*1227A RHD*D-CE(2-9)-D
3 0.6% RHD*1227A RHD*711delC
3 0.6% RHD*1227A RHD*D-CE(2-10)
1 0.2% RHD*1227A RHD*CE(1-9)-D
1 0.2% RHD*1227A RHD*D-CE(2-7)-D
1 0.2% RHD*1227A RHD*D-CE(4-9)-D
1 0.2% RHD*1227A RHD*D-CE(4-7)-D
1 0.2% RHD*1227A RHD*421delG =
1 0.2% RHD*1227A RHD*VS5+2G *
1 0.2% RHD*1227A RHD*1155C =
1 0.2% RHD*D-CE(4-7)-D -
1 0.2% RHD*222A * -

*Novel RHD alleles identified.

For the total of 1571 “Asia type” DEL pregnant women and patients identified, RhCE typing data

showed that they were all positive for RhC antigen (Ccee, n = 1210; CCee, n = 329; CcEe, n = 25; 2023458 | 18
CCEe, n=17).
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1. KIEAIUESCAsian-type DELZEITAS AL -DRIFRZE

s TEERhDERBME M Asian-type DELIMAYZAYT |, et EZRRI-DAER
o WEBEE-DRYRT , £EEEBAsian-type DELYS T
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5. 0.45%
G1

22;291%

A Chinese pregnant women with a suspected D" phenotype G2
(n =5151)
G3
B True D without anti-D
Excluded: 2 i B True D with anti-D
* Received anti-D prophylaxis before ML Asmntpme LR ARbou et 1
(n = 925) es
* And/or with D variants phenotype Pregnant women with a serologically )
including weak D and partial D (n = 181) apparent D" phenotype 33; 5.28%
(n = 4045) Unknown
L) L] L) L) L] L)
Adsorption/elution testing using anti-L ) 0 o KR an 10
Number
Y
Pregnant women with DEL phenotype
(n = 1036)
Excluded:
« Other DELS with different € Routine Asian-type DEL genotyping
genetic background (n = 4)
1
Y H
Asian-type DEL pregnant women
{n = 1032; 25.5%, 1032/4045)

RHD genotypes

W RHD gene deletion (75.2%)
W RHD*D-CE (2-9)-D (4.1%)

B RHD*D-CE (2-7)-D (0.7%) ESE I 20
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Eu-:lng[hnu Bloand Center

B u.s. National Library of Medicine
P = S,

Home > Record Summary

2. Clinical trial
Methods and Results

Find Studies = About Studies v Submit Studies v

Resources About Site ~ PRS Login

ID: DEL RhD+ Blood Transfusion to"Asia Type" DEL Recipients

MHome Help@

Record Summary

Record Status

In Progress ==» Entry Completed == Approved == Refleased =% PRS Review == Public

Unrelease...

Record Owner:

Last Update:

Initial Release:

Initial Results Release:

Last Release:

Jiyanli .= Access List:
01/12/2022 22:10 by Jiyanli .= Upload:
10/26/2018 PRS Review:
01/12/2022 Public Site:
01/12/2022 Receipt (PDF) FDAAA:

[] Edit
Allowed
Pending @ Review History

Non-ACT (No FDA-regulated drug/device) @

1w
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Excluded:

* Other DELs with a nevel RHD*2224
and RHD*D-CE(4-7)-D genotypes,
respectively (n = 2)

Excluded:
= Asian-type DEL female patients < 49

A

years of age (n = 231)
* No need of RBC transfusion (n = 140)

Excluded:

* Not receiving D* RBC transfusion
{n=114)

A

>

A

Excluded:

Lost to follow-up:

* Patients died (n = 7)

= Out of touch {n = 3)

* Noncooperation (n = 2)

2023%F5H | 22
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Table 1. Demographics of 42 Asian-type DEL recipients
with D* RBC transfusion and their follow-up

= examinations
T LN U
Guangzhou Blaond Center
Characteristic Data
Number of male, female 30, 12
Male recipient age (y) Length of serologic follow-up (d)
Mean + SD 515249 Mean = SD 306.5 = 264.9
Median 585 Median 226
Range 0.3-86 Range 32-1354
Female recipient age (y) Number of antibody screening test after D RBC
Mean + SD 52.1 + 10.8 transfusion
Median 51 Mean = SD 22+15
Range 3075 Median 1
Range 1-7
Number of units of D' RBCs transfused (U)
Mesn £ SD L1+ 54 Transfusion treatment of duration (d)
Median Mean = SD 82.6 = 238.0
Range 0.5-28 Median 1
Range 1-1355
Transfusion episodes of D* RBCs (times)
Mean = SD 26+29 Case of recipients re-exposed to D" RBCs 19
Median 1
SD, standard deviation.
Range 1-17
Number of units of D" RBCs per episode (U)
Mean + SD 2714
Median
Range 0.5-8 2023ﬂ55g | 23
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Table $3. Information of 54 Asian-type DEL recipients who received D+ RBC transfusion

Alloantibody test after

Age Blood grou in 2
¢ Piiiatic oroup yping Transfused D% RBCs transfusion Effectiveness of
Recipients Gender . st?:)ry Y Diagnosis DEL D+ REiCs Observation transfusion
(years) Serological mﬁen % tiiie RHD genotypes units ¢ time (days) Results (Hb changes)
AJE testing P P t
4U: 141g/L—
76g/L
; ; Intraoperative
DEL- Abdominal . 402U (2 , (
1 18 76 M = surgery 2+ Ccee RHD*1227A days) 28; 344 Neg blood Iogs
2000mi);
2U (2 days):
76g/L—87g/L
124g/L—128g/L
DEL- Coronary heart * : (Intraoperative
2 76 72 M e disease 2+ CCee RHD*1227A/1227A 2U 6; 192 Neg blood loss
unkown)
106g/L—103g/L
DEL- : * (Intraoperative
3 168 64 F G4P4 Ovarian cancer 2+ Ccee RHD*1227A 2U 167 Neg. Biood 155
500ml)
Hepatic _
¥ 5 @ F G5P5 Moleesedl o Coee RHD*1227A au 171 Neg  62g/L—78g/L
carcinoma
4U: 75g/L—
DEL- : " 402U (5 &1g/L;
5 211 63 M 4 Liver cancer 3+ Ccee RHD*1227A days) 230 Neqg. 2U (5 days):
69g/L—78g/L
6 o 2 F G2P2 Uremia + Ceee RHD*1227A 1U 206,224, Neg 550600
7 e 66 M ; Lung cancer  + Ceae RHD*1227A 2U 222 Neg 57g/L—83g/L
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S 604 v
c [
© .
Review > Vox Sang. 2022 Jan 10. doi: 10.1111/vox.13232. Online ahead of print. % oo vy
’ " . e ¢ s 407
Incidence of anti-D alloimmunization in D-negative @ . s v
individuals receiving D-positive red blood cell 2 - A:A
. . . . b v
transfusion: A systematic review and meta-analysis - 3
v
Yanli Ji 1, Guangping Luo 1, Yongshui Fu 1 * M [ ]
SRS g 0 T T T T T 00080000 4
Tatlons: - expan Healthy Healthy Mixed Oncology Trauma Transplant AIDS
PMID: 35014050 DO 10.1111/vox.13232 volunteers volunteers  patients patients patients patients patients
with small with whole
volume of units of D+
D+ RBCs RBCs
Type of D-negative recipients receiving D+ RBC transfusion
Mixed patients i
Frohin et al, 2003 16 T8 0.21 (0.13-0.31) ——
Yazer af al, 2007 22 a8 0,22 (0,15-0,32) —— |
Gonzalez-Paras et al, 2008 34 159 0.21 (0.16-0.28) ——f— |
Brien et al, 2014 14 50 0.28 {0.17-0.42) —— =
Yazer af al, 2021 "7 335 0,35 (0,300,409 ——

Total 203 720 0.26 {0.18-0.32) - |

Hetercgeneity: | =74.08%, F=0.00
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3. HEHAR

o KRR : EFRZINE FIRYESFE WRHDERGERA
RIA TR TEAIRNDHUR ?

o {RIMNAZHEN
Asian-type DELNMARIRERIAB 2INEFIRI VD ELKERAK
RIARNTTERIRhDIR
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Eu-:lngzhnu Bloand Center

SangenllFFE5ER

GTTTTCTGGAAATTTCCTCATT

“Asia type” DEL, RHD_exon9, c.1227G>A

-GTTTTCTGGAAGTTTCCTCATT
D+ wild-type control, RHD_exon 9, ¢.1227G

Reads count

=RNF 1227\ R HrEESR

25

100

chri:

B | [ .
I
— [— S
™
e p— £
N
= > 5
Bl | [ <
E— 6
B | [ ’
2 3
— lw)] 1
— 3
B | [ 3
=~
= 3
THEE =
Q
%’ 9
( A A G T A § -
25648450 25648453 25648456

c.1227G>A
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RHD isafarms Frequency (%)

e1227G=A

Exons 8/9 deletion with 170 bp intron 7 [ ISR 58] 2.70 = 0.94
Exans 9 deletion with 170 bp intron 7 m- 3.59 £ 0.60
Exons 7/8/9 deletion (I 2 [ 3 [& [ 5 [ & }—__{30] 1977 =482
exons 7/9 deletion |[EIIEENEEEIEE . KR EJ 2056 =076
Exons 8/9 deletion [ ENIERIENCRR— 58 26.06 = 1.11
Exans 9 deletion [[EIIENENENEIEEERER- E&Y 2654 = 5.35

Erythroblast of Asian-type DEL individuals

(n=8)

100 4

Full-length isofarm

Isoforms usage (%)

RHD*1227A/1227A (n = 4) RHD*1227A/01N.01 (n = 4)
Asian-type DEL

/

RHD*01/01
D+ contral

RHD*12274 L
E '. E
I &
et
2 3 a 5 ief i
010° 107 10° 10 16° 10" 102 10° 10t
APCA APCA
HM16,epD6.4 LHM76/58,epD8.1
RHD*1227A
s . £
3 I wt RHD 5
I
1
0 /0
010° 10° 10* 10° 0% g PP
APCA o010® 10" 10° 10
LHMTb?iEII-,epDI.I ACA
P3x249,epD2.1
RHD*1227A PR Unstained control
4 RHD Exon § delation + 170bp intran 7
& Exons 8/9 deletion +170bp intron 7
= D = = Exon 9 delation
ES ES 3 Exons 7/9 deletion
I S S
——— Exons B/9 deletion
RHD*1227A ——— Exons 7/8/9 deletion
ild B = wtRHD
010 10 10° 10° 010 10* 10° 10° 10°10' 10 10° 10t ez ot
APC-A APC-A APC-A
MS26, epD9.1 P3x290, epD3.1

LHM76/59, epD15.1
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Conclusions

This study provides clear evidence:

¢ To establish new guideline for D+ RBC transfusion to
Asian-type DEL patients

| & To discontinue the usage of rhesus immunoglobulin
;h prophylaxis in Asian-type DEL pregnant women

f 2023£F58 | 30
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