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Abstract

In 2005, the late George Garratty asked readers of TRANSFUSION, “Do we need to be more 

concerned about weak D antigens?”1 His question was prompted by his observation that “… there 

have been increasing numbers of reports of patients who had been transfused with donor blood 

having ‘weak D’ or undetectable D (e.g., DEL) who made anti-D.” Garratty reviewed the 

complexity of the D antigen and its variants, case reports of anti-D after transfusion of weak D 

RBCs to D- recipients, and variable D typing results depending on selection of anti-D reagents. He 

noted that most available data were from Europe and concluded that “countries with larger Asian 

or African populations … need to relate to statistics in their own countries.”1 Garratty’s question 

can be answered only when data are available for the many different scenarios in which different 

categories of weak D RBCs have been transfused to D- recipients. In this commentary, we address 

one of these scenarios, namely, the potential risk of D alloimmunization when Asian-type DEL 

(RHD*DEL1) RBCs are transfused to D- recipients in the United States. We suggest how this 

issue can be resolved by a focused study in pertinent communities in the United States.

HISTORICAL ASPECTS

In 1984, Okubo and colleagues2 reported that “some D-negative red cells, though they were 

negative in a Du test after exposure to anti-D, could bind anti-D and yield it on elution”. 

They named the phenotype Del (D eluate), which has been renamed DEL in most subsequent 

reports. DEL phenotypes are D variants with an exceedingly small number of D antigen sites 

per red blood cell (RBC).3–5 A typical DEL RBC, for example RHD*DEL1, has less than 22 

D antigen sites, whereas weak D phenotypes have 1000 to 4000 D antigen sites, and D+ 

RBCs have 9900 to 33,300 D sites.5 Unexpectedly, case reports from Austria,6 Japan,7 
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Korea,8,9 China,10 and Taiwan11 have described D alloimmunization associated with 

transfusion of DEL RBCs (which routinely type as D-) to D- recipients (Table 1).

There are no studies quantifying the number of units of DEL RBCs transfused in the United 

States to D- recipients. A statistical model estimated that the minimum number of units of 

RHD*DEL1 RBCs collected from East Asian migrants and transfused annually in the 

United States may be as few as 68, although the maximum could be 10 times that estimate.12 

There are no peer-reviewed published reports of transfusions of DEL RBCs causing D 

alloimmunization in the United States. However, there is no active posttransfusion 

monitoring for formation of anti-D to detect such events, if they do occur.

Thus, the “DEL issue” is that we can assume that RHD*DEL1 and other DEL RBCs are 

being transfused as D- to D- recipients in the United States. However, we do not know how 

many DEL RBCs are actually transfused or whether they have caused D alloimmunization in 

susceptible transfusion recipients.

MOLECULAR AND DEMOGRAPHIC ASPECTS

More than 40 different molecularly defined DEL variants have been described.13,14 Most 

reports of DEL variants have been from East Asian populations of Japan, Korea, China, and 

Taiwan where RHD*DEL1 is the most prevalent allele.12,15,16 RHD*DEL1 was originally 

reported and named as RHD(K409K),3 later referred to as RHD(1227G>A)15 and, presently, 

as RHD*DEL1 or RHD*01EL.01 by ISBT nomenclature.17 The RHD*DEL1 allele is also 

referred to as Asian9 or Asia18,19 type DEL. Of the 0.5% of Japanese who are D-, 28% 

express RHD*DEL1.12 Of the 0.3% to 0.5% of Han Chinese who are D-, 30% living in 

China and 32% in Taiwan, express RHD*DEL1.12 Of the 0.15% of Korean who are D-, 17% 

express RHD*DEL1.12 The D- phenotype is considerably more prevalent in Caucasians 

(approximately 15%), although less than 0.1% of Caucasians have been identified as 

expressing a DEL phenotype.3,20 DEL alleles have been described in European Caucasians, 

but their prevalence is considerably lower than RHD*DEL1 alleles in East Asians. There are 

no published reports of DEL RBCs in African populations.

A CLOSER LOOK AT REPORTS OF D ALLOIMMUNIZATION

The weak serologic expression of the D antigen by DEL phenotypes, reflecting the small 

number of D antigen sites on DEL RBCs, caused some early investigators to consider it 

unlikely that transfusion of DEL RBCs would cause D alloimmunization.21,22 Nevertheless, 

multiple case reports of D alloimmunization after transfusion of RHD*DEL1 RBCs 

collected from donors in East Asia have been reported (Table 1),7–11 raising concern for 

patient safety.23 Most of these case reports describe “secondary” alloimmunization, that is, 

an increase in an existing anti-D titer or detection of anti-D too quickly after the transfusion 

to be considered a primary immune response. The first case report claiming “primary D 

immunization“ by DEL RBCs described an D- Korean man in whom anti-D was detected 

(only) 9 days after transfusion of RBCs that were retrospectively identified to be 

RHD*DEL1.8 The short interval between transfusion and detection of anti-D raises a 

question whether the alloimmunization was primary or secondary. In China, a lookback 
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study identified 128 transfusion recipients who were D- by molecular methods who had 

been transfused with DEL RHD*DEL1 RBCs.24 None (0%) formed anti-D.24 These case 

reports appear to establish that transfusions of RHD*DEL1 RBCs to D- recipients may elicit 

a secondary immune response. If confirmed, recipients could be at risk for a delayed 

hemolytic or a delayed serologic transfusion reaction. However, available data are 

insufficient to conclude evidence-based causation of primary D alloimmunization. 

Additional monitoring and data collection are warranted.

DEL IS ASSOCIATED WITH C AND E ANTIGENS

The original report of a DEL variant by Okubo and colleagues2 described an association 

with the C antigen. Subsequent reports from Japan, Taiwan, and Korea describe 100% 

association of the RHD*DEL1 allele with the C antigen.12 Five reports from China describe 

a similar association (100%); one report describes a 98.8% association (166/168 samples).12 

The association of RHD*DEL1 with the E antigen in these populations varies from 0% to 

38.4%.12 Among 46,133 first-time blood donors in Germany, 11 RHD alleles encoded a 

DEL phenotype.20 A DEL allele was detected in 47 donors of which 43 (91.5%) were 

associated with a C antigen and three (6.4%) were associated with an E antigen.20 

Noteworthy, one (2.1%) DEL allele occurred in a D-C–c+E–e+ phenotype,20 an association 

that was not observed previously in this population.3

THE TRANSFUSION COMMUNITY HAS A RESPONSIBILITY TO RESOLVE 

THE DEL ISSUE

These case reports of RHD*DEL1 DEL-associated D alloimmunization alert us, the 

transfusion community, that we have a responsibility to address the DEL issue in the United 

States. Although there are no reports of D alloimmunization associated with transfusion of 

DEL RBCs in D- recipients in the United States, there has been no routine posttransfusion 

monitoring for new antibodies that might have detected such events. If, unexpectedly, anti-D 

is detected in an D- person, it is uncommon for a lookback and a root cause analysis to be 

performed, although the importance of lookback in such situations is recognized among 

transfusion medicine specialists.25 There is neither an AABB nor College of American 

Pathologists requirement to conduct a lookback when a D- transfusion recipient forms an 

unexpected anti-D, although many blood centers have internal policies to do so. In Australia, 

a study of 2017 blood donors estimated that the risk of transfusing D- females not more than 

40 years of age with an RHD*DEL1 DEL RBC unit (labeled as D-) to be one in 149,109 

transfusions (range, 100,680–294,490).26 In Germany, a study estimated that 100 potentially 

immunogenic units of DEL RBCs would be transfused annually to D- recipients.20 This 

concern prompted the implementation of a program that molecularly screens first-time D- 

donors and transfers any DEL units to the D+ inventory.20 Blood services in Denmark, 

Austria, and Switzerland have also avoided he risk of D alloimmunization by using RHD 
genotyping to identify and remove DEL units from the D- inventory.26
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A FOCUSED STUDY IS FEASIBLE

In our opinion, the available evidence is not adequate for implementing a similar program 

nationwide in the United States at this time. Before considering how we might implement 

such a program, we must first resolve whether there is or is not a “DEL issue” in the United 

States, that is, are D- transfusion recipients forming anti-D—undetected—after transfusion 

with DEL RBCs? A study of all molecularly defined DEL variants would be too large to be 

practical. A prospective study would be too large and too expensive and take too many years 

to be feasible. A retrospective study of RHD*DEL1 RBCs that had been collected from East 

Asian donors in the United States and transfused to D- recipients could be feasible if testing 

for anti-D (D alloimmunization) were limited to the relatively few transfusion recipients of a 

prior transfusion of RHD*DEL1 RBCs. Such a study could be feasible if 1) current, repeat 

D- blood donors were screened for C antigens; 2) molecular testing for RHD*DEL1 were 

limited to only D-C+ donor samples; and 3) requests for testing for anti-D were limited to 

D- former recipients of RBC transfusions who, retrospectively, were recognized to have 

been transfused with RHD*DEL1 RBCs. Such a study would require institutional review 

board approval and would be most efficient if conducted in blood centers located in 

communities with a significant population of East Asians. Blood samples from all D- donors 

would be screened for the C antigen.

It is time to resolve the “DEL issue” in the United States. It is our responsibility, as the 

transfusion community, to do so. Hopefully, investigators who are located in suitable 

communities will recognize the responsibility, seize the opportunity and organize and 

develop a protocol that would answer at least one of the scenarios in Garratty’s question, 

“Do we need to be more concerned about weak D antigens?”

Acknowledgments

Funded by NIH Clinical Center, Intramural Research Program, ID Z99 CL999999.

REFERENCES

1. Garratty G Do we need to be more concerned about weak D antigens? Transfusion 2005;45:1547–
51. [PubMed: 16181202] 

2. Okubo Y, Yamaguchi H, Tomita T, et al. A D variant, Del? Transfusion 1984;24:542.

3. Wagner FF, Frohmajer A, Flegel WA. RHD positive haplotypes in D negative Europeans. BMC 
Genet 2001;2:10. [PubMed: 11495631] 

4. Körmöczi G, Gassner C, Shao C-P, Uchikawa M, Legler TJ. A comprehensive analysis of DEL 
types: partial DEL individuals are prone to anti-D alloimmunization. Transfusion 2005;45:1561–7. 
[PubMed: 16181205] 

5. Daniels G Human blood groups. 2nd ed Oxford: Blackwell;2002 p. 221.

6. Wagner T, Körmöczi GF, Buchta C, et al. Anti-D alloimmunization by DEL red blood cells. 
Transfusion 2005;45:520–6. [PubMed: 15819672] 

7. Yasuda H, Ohto H, Sakuma S, et al. Secondary anti-D immunization by Del red blood cells. 
Transfusion 2005;45:1581–4. [PubMed: 16181208] 

8. Kim KH, Kim KE, Woo KS, et al. Primary anti-D immunization by DEL red blood cells. Korean J 
Lab Med 2009;29:361–5. [PubMed: 19726900] 

9. Yang HS, Lee MY, Park TS, et al. Primary anti-D alloimmunization induced by “Asian type” RHD 
(c.1227G>A) DEL red cell transfusion. Ann Lab Med 2015;35:554–6. [PubMed: 26206698] 

Sandler and Flegel Page 4

Transfusion. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Shao CP, Wang BY, Ye SH, et al. DEL RBC Transfusion should be avoided in particular blood 
recipient in East Asia due to allosensitization and ineffectiveness. J Zhejiang Univ Sci B 
2012;13:913–8. [PubMed: 23125084] 

11. Chen W, Li L, Tsai SL, et al. Anti-D immunization by Del red blood cells in Taiwan: two case 
reports. Transfusion 2006;46(Suppl):129A.

12. Kwon DH, Sandler SG, Flegel WA. DEL phenotype. Immunohematology 2017;33:125–32. 
[PubMed: 29043831] 

13. The human RhesusBase, version 2.0 [Internet]. Last updated 2018 Dec 2 [cited 2017 2 19]. 
Available from: http://www.rhesusbase.info/.

14. Wagner FF, Flegel WA. The Rhesus site. Transfus Med Hem-other 2014;41(5):357–63.

15. Shao CP, Maas JH, Su YQ, et al. Molecular background of Rh D-positive, D-negative, D(el) and 
weak D phenotypes in Chinese. Vox Sang 2002;83:156–61. [PubMed: 12201845] 

16. Luettringhaus TA, Cho D, Ryang DW, et al. An easy RHD genotyping strategy for D- East Asian 
persons applied to Korean blood donors. Transfusion 2006;46:2128–37. [PubMed: 17176325] 

17. Storry JR, Castilho L, Chen Q, et al. International Society of Blood Transfusion Working Party on 
red cell immunogenetics and blood group terminology: report of the Dubai, Copenhagen and 
Toronto meetings. Vox Sang 2019;114:95–102. [PubMed: 30421425] 

18. Shao CP. Transfusion of RhD-positive blood in “Asia type” DEL recipients. N Engl J Med 
2010;362:472–3. [PubMed: 20130261] 

19. Choi S, Chun S, Seo JY, et al. Planned transfusion of D-positive blood components in an Asia type 
DEL patient: proposed modification of the Korean national guidelines for blood transfusion. Ann 
Lab Med 2019;39:102–4. [PubMed: 30215239] 

20. Flegel WA, Zabern IV, Wagner FF. Six years’ experience performing RHD genotyping to confirm 
D- red blood cell units in Germany for preventing anti-D immunizations. Transfusion 
2009;49:465–71. [PubMed: 19243542] 

21. Mak KH, Yan KH, Cheng SS, et al. Rh phenotypes of Chinese blood donors in Hong Kong, with 
special reference to weak D antigens. Transfusion 1993;33:348–51. [PubMed: 8480357] 

22. Kumpel BM. Are weak D RBCs really immunogenic? Transfusion 2006;46:1061–2. [PubMed: 
16734829] 

23. Flegel WA. Homing in on D antigen immunogenicity. Transfusion 2005;45:466–8. [PubMed: 
15819664] 

24. Chen Q, Liu Z. Retrospective analysis of transfusion Del blood to RhD-negative recipients. 
Transfusion 2012;52 (Suppl):36A.

25. Flegel WA, Castilho SL, Keller MA, et al. Molecular immunohaematology round table discussions 
at the AABB Annual Meeting, Philadelphia 2014. Blood Transfus 2016;14:425–33. [PubMed: 
26710354] 

26. Scott SA, Nagl L, Tilley L, et al. The RHD(1227G>A) DEL-associated allele is the most prevalent 
DEL allele in Australian D- blood donors with C+ and/or E+ phenotypes. Transfusion 
2014;54:2931–40. [PubMed: 24894016] 

Sandler and Flegel Page 5

Transfusion. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.rhesusbase.info/


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sandler and Flegel Page 6

TA
B

L
E

 1
.

C
as

e 
re

po
rt

s 
of

 D
 a

llo
im

m
un

iz
at

io
n 

as
so

ci
at

ed
 w

ith
 tr

an
sf

us
io

n 
of

 R
H

D
*D

E
L

1 
R

B
C

s

C
as

e
R

ep
or

te
d 

al
lo

im
m

un
iz

at
io

n
D

- 
re

ci
pi

en
t

D
E

L
 a

lle
le

C
om

m
en

t
R

ef
er

en
ce

1
Se

co
nd

ar
y

Ja
pa

ne
se

 f
em

al
e

R
H

D
*D

E
L

1
A

nt
i-

D
 ti

te
r 

8 
→

 1
28

 a
ft

er
 tr

an
sf

us
io

n
Y

as
ud

a 
et

 a
l.7

2
Se

co
nd

ar
y

K
or

ea
n 

m
al

e
R

H
D

*D
E

L
1

A
nt

i-
D

 d
et

ec
te

d 
9 

da
ys

 a
ft

er
 tr

an
sf

us
io

n
K

im
 e

t a
l.8

3
Pr

im
ar

y
C

au
ca

si
an

 m
al

e
R

H
D

*D
E

L
1

A
nt

i-
D

 d
et

ec
te

d 
5–

7 
da

ys
 a

ft
er

 tr
an

sf
us

io
n

Y
an

g 
et

 a
l.9

4
Pr

im
ar

y
Ja

pa
ne

se
 m

al
e

R
H

D
*D

E
L

1
A

nt
i-

D
 d

et
ec

te
d 

22
 d

ay
s 

af
te

r 
tr

an
sf

us
io

n
Sh

ao
 e

t a
l.10

5
Se

co
nd

ar
y

Ja
pa

ne
se

 f
em

al
e

R
H

D
*D

E
L

1
A

nt
i-

D
 ti

te
r 

in
cr

ea
se

d 
8 
→

 6
4 

af
te

r 
tr

an
sf

us
io

n
Sh

ao
 e

t a
l.10

6
Se

co
nd

ar
y

Ja
pa

ne
se

 m
al

e
R

H
D

*D
E

L
1

A
nt

i-
D

 ti
te

r 
in

cr
ea

se
d 

8 
→

 6
4 

af
te

r 
tr

an
sf

us
io

n
Sh

ao
 e

t a
l.10

7
N

ot
 s

pe
ci

fi
ed

Ta
iw

an
es

e 
m

al
e

D
el

*
A

nt
i-

C
+

D
 d

et
ec

te
d 

1 
m

on
th

 a
ft

er
 tr

an
sf

us
io

n
C

he
n 

et
 a

l.11

8
N

ot
 s

pe
ci

fi
ed

Ta
iw

an
es

e 
m

al
e

D
el

*
A

nt
i-

C
+

D
 d

et
ec

te
d 

1 
m

on
th

 a
ft

er
 tr

an
sf

us
io

n
C

he
n 

et
 a

l.11

* D
on

or
s’

 D
el

 p
he

no
ty

pe
 w

as
 b

as
ed

 o
n 

ad
so

rp
tio

n-
el

ut
io

n 
an

d 
D

-C
+

E
- 

an
tig

en
 ty

pi
ng

.

Transfusion. Author manuscript; available in PMC 2019 October 01.


	Abstract
	HISTORICAL ASPECTS
	MOLECULAR AND DEMOGRAPHIC ASPECTS
	A CLOSER LOOK AT REPORTS OF D ALLOIMMUNIZATION
	DEL IS ASSOCIATED WITH C AND E ANTIGENS
	THE TRANSFUSION COMMUNITY HAS A RESPONSIBILITY TO RESOLVE THE DEL ISSUE
	A FOCUSED STUDY IS FEASIBLE
	References
	TABLE 1.

