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metabolism modifiers may substitute for
use of phlebotomies in PV, it is unlikely
that these manipulations would have
beneficial effects on the principal cause
of PV morbidity and mortality, throm-
bosis. Iron-restricting manipulations do
not address leukocytosis that is common
in PV and is correlated with thrombotic
complications in multivariate analysis.7

Furthermore, the role of elevated hemo-
globin and hematocrit is contentious as a
cause of morbidity and mortality in
erythrocytoses.7 In most types of eryth-
rocytoses, such as Eisenmenger complex,
pulmonary disorders, or congenital dis-
orders from inheritance of high hemo-
globin oxygen affinity mutations, the
hematocrit may be as high as or even
higher than in PV but thromboses are not
increased. However, in the first described
disorder of congenital augmentation of
HIFs, Chuvash erythrocytosis, thromboses
are even more common than in PV and
increase further with ID induced by phle-
botomies.8 Patients with Chuvash eryth-
rocytosis also have vascular abnormalities
and pulmonary hypertension. Indeed, HIF-
1 augments transcription of a wide array of
genes, including several prothrombotic
factors including transcription and activity
of tissue factor.6,9 We and others have
reported that HIF-1 activity is also
increased in PV and ET.6,9

Hepcidin levels are also increased in
inflammation and in cancer, wherein
anemia is common yet ample iron stores
exist. High hepcidin levels in these dis-
orders restrict iron availability not only to
erythropoiesis but likely to other tissues,
resulting in functional iron deficiency.
Although it remains to be shown
whether the consequences of true ID
(resulting from therapeutic phlebotomy)
differ from functional iron deficiency, it is
possible that pharmacological hepcidin
augmentation or ferroportin inhibition as
described in this article decreases iron
availability and cellular iron in both
erythroid and nonerythroid cells. If so,
the increased HIF activity because of
functional ID may have detrimental path-
ophysiological consequences including
thrombosis, pulmonary hypertension, etc
(see figure panel B). This merits addi-
tional evaluation of the potential risks of
increased HIFs in therapeutic applications.
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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.1 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.
RhD is the most important minor (non-
ABO) antigen. It is highly antigenic and
capable of causing hemolytic transfusion
reactions and hemolytic disease of the
fetus and newborn.2 In European pop-
ulations, where the prevalence of RhD−

status is approximately 15%, 1 in every
200 children conceived died of Rh dis-
ease before anti-RhD immunoglobulin G
(IgG) was developed and widely used.3,4

For mothers with RhD−, 1 in 30 of their
pregnancies resulted in death from Rh
disease.

Conventional blood bank testing is per-
formed by hemagglutination, making
red cells stick together with antibodies
(figure panel A). Hemagglutination
testing with strong mouse monoclonal
antibody mixes works well for RhD
typing in most people, yielding either a
strong 4+ reaction or no agglutination.
However, individuals with low numbers
of RhD protein or aberrant expression of
the RhD antigen can test as “weak D.”
Pregnant women with weak D are best
referred for molecular testing. Some
individuals with D− can be shown to have
small amounts of RhD antigen present
by adding strong anti-D, washing the
cells to show the anti-D sticks, and then
eluting and concentrating the anti-D and
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Migration of people with Asian-type DEL to the United States. Conventional blood typing uses combinations of mouse monoclonal antibodies to detect the major Rh
protein, “D,” by hemagglutination (A). Donors and patients with the Asian-type DEL mutation make multiple variants of the D protein in reduced amounts, which can be
detected by eluting and concentrating the reagent antibodies from their cells and using them to agglutinate reagent RhD+ red blood cells (RBC) (B). Two million such
individuals live in China, Japan, Korea, Thailand, and Burma, and tens of thousands live in other countries (C). Professional illustration by Somersault18:24.
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using it to make conventional D+ cells
stick together. Such people have the
“D eluate” or “DEL” phenotype (figure
panel B).

Of the more than 40 molecular variants
that produce the DEL phenotype, the
Asian-type, RHD*1227A (RHD*01EL.01),
is the most common. It occurs in almost 2
million people across China, Japan,
Korea, Thailand, Burma, and their
descendants around the globe and rep-
resents approximately a quarter of
everyone who tests as RhD− in these
founder countries. Trying to give them
all RhD antigen-negative blood strains
the blood system resources of these
countries, and treating the women of
childbearing potential with RhD immu-
noglobulin is expensive, but no one has
proven that doing otherwise is safe.
Proving safety, the absence of bad out-
comes, is difficult. Just because it has not
been seen does not mean it will not occur
or that you have not just missed the
uncommon bad outcome. To address
these concerns, Ji and colleagues used a
multipronged approach. First, in a clinical
trial and with informed consent, they
gave 46 patients with Asian-type DEL
RhD+ red cells and showed they did not
make anti-D over the subsequent 193+
days. To bolster this direct experiment,
they tracked down 4045 women with
RhD− who had given birth to children
with RhD+ and showed that none of 1037
Asian-type DEL postparturients made an
anti-D and that all 79 of the women who
made an anti-D were among the 3009
true RhD− subjects. Finally, at a molecular
level, they showed that 1 out of 600
transcripts of the RhD gene in these
individuals is for the correct protein. This
information, in conjunction with previous
work showing that monoclonal antibodies
against all of the common epitopes of the
D protein can be eluted from the DEL
variant, suggests that individuals with
2

Asian-type DEL express small amounts of
the wild-type protein that protect them
from alloimmunization and that RhD
antigen-positive RBCs can be adminis-
tered without causing alloimmunization.
We cannot prove safety, but a reasonably
prudent individual can now give RhD+

red cells to an individual with Asian-type
DEL with outstanding assurance of
safety. Ji and colleagues have set a new
standard for allelic safety analysis.

Blood from donors with Asian-type DEL
blood can cause RhD alloimmunization
in individuals with true RhD−.5 There are
at least 70 000 individuals with Asian-
type DEL living in the United States
based on immigrant numbers from the 5
founder countries and more from coun-
tries such as the Philippines, Malaysia,
Indonesia, and Vietnam with large ethnic
Chinese subpopulations (figure panel C).
Such donors are not detected by con-
ventional hemagglutination blood donor
7 APRIL 2023 | VOLUME 141, NUMBER 17 2045
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RhD typing. The utility of screening 2
million RhD− blood donors each year in
the United States for the single nucleo-
tide polymorphism of Asian-type DEL
compared with other methods of man-
aging residual risk for RhD alloimmuni-
zation needs a formal risk assessment,
but polymerase chain reaction testing
could be piggybacked on current
molecular infectious disease testing.6,7

The complexity of ensuring the safety
of the blood supply continues to
increase.
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