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Sensitization to Multiple Rh Antigens by Transfusion of
Random Donor Platelet Concentrates in a -D- Phenotype

Patient
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The -D- phenotype is a rare Rh phenotype that strongly expresses D antigen without C, c,
E, or e antigens. In -D- phenotype individuals, anti-Rh17 (Hr.) is commonly found if there
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is a history of pregnancy or transfusion with red blood cells (RBCs) that express C, c, E, or

e antigens. We report the first case of a -D- phenotype patient with multiple Rh antibodies
including anti-Rh17 who had a history of two occasions of transfusion with eight random
donor platelet concentrates two and six years ago. We found that a trivial amount of RBCs
in the platelet components was able to trigger sensitization to RBC antigens, especially the
highly immunogenic and clinically significant Rh antigens, including C, c, E, e or Ccke
polypeptides. To avoid unnecessary sensitization and to minimize the risk of hemolytic
transfusion reactions in patients with this rare Rh phenotype, a modified strategy for pre-
transfusion screenings needs to be discussed in the field of transfusion medicine.
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-D- is a rare Rh phenotype in which D antigen is strongly ex-
pressed but C, c, E, or e antigens are not. This blood type is a
consequence of a deletion or recombination mutation of the
RHCE gene, which encodes for the C, c, E, and e antigens.
Okubo et al. found 7 -D- individuals (0.001%) among 692,000
Japanese blood donors and estimated the frequency of the -D-
haplotype as 0.0032 among Japanese [1]. With the exception of
3 cases reported since the initial case report in 1998, there is no
data about the prevalence of -D- phenotype in Korea [2-6]. The
significance of the -D- phenotype is that individuals who have it
can make multiple Rh antibodies against C, c, E, or e antigens if
they are sensitized to Rh antigens, and this puts them at risk of
massive hemolytic transfusion reactions. Thus far, the clinical
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relevance of the -D- phenotype has been predominantly reported
in pregnant women, causing a mild to fatal hemolytic disease of
the fetus and newborn [2-7]. Nevertheless, it is generally not in-
dicated to transfuse C, c, E, or e antigen-positive red blood cells
(RBCs) to a -D- phenotype patient. Here we report a case in
which a -D- phenotype male patient might have been sensitized
to Rh antigens resulting from the transfusion of random donor
platelet concentrates and showed presence of multiple Rh anti-
bodies, including anti-Rh17. Two other family members having
the -D- phenotype were not sensitized even through multiple
pregnancies.

A 49-yr-old Korean male with chronic hepatitis B and liver cir-
rhosis visited the emergency room with esophageal variceal
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bleeding. His hemoglobin level was 8.4 g/dL. Other laboratory
findings were as follows: white blood cell count, 3,090/uL; plate-
let count, 40,000/pL; total protein level, 5.2 g/dL; albumin level,
3.1 g/dL; AST/ALT, 67/55 U/L; prothrombin time (PT), 16.8 sec;
and activated partial thromboplastin time (aPTT), 34.3 sec. RBC
transfusion was considered, and a type and screen test was
requested. His blood group was A and RhD+, and importantly,
a strong agglutination reaction with anti-D sera was readily ob-
served. In an antibody screening test, the serum of the patient
agglutinated with all screening panel cells. The results from an-
tibody identification tests using commercially available kits, ID-
System (Bio-Rad, Philadelphia, PA, USA) and Resolve Panel A
(Ortho-Clinical Diagnostics Company, Raritan, NJ, USA) were
inconclusive because the serum of the patient reacted strongly
and agglutination was observed in both panel cells. Each of the
reactions was 4+ macroscopic in 37°C phase and in the anti-hu-
man globulin phase.

We performed Rh phenotyping with DiaMed-ID (Bio-Rad,
Philadelphia, PA, USA) and found that the D antigen was pres-
ent, but C, c, E, and e antigens were not expressed on the RBCs
of the patient. Further Rh antibody identification tests were per-
formed using an in-house panel of 8 donor cells with ID-IAT and
ID-Papain systems (DiaMed, Bio-Rad Laboratories, Cressier sur
Morat, Switzerland) at the Central Laboratory of the Swiss Red
Cross in Bern. Multiple Rh antibodies, including anti-Rh17, anti-
e, and anti-Ce, were identified in serum of the patient. Based on
these collective findings, we interpreted these results as being
positive for the -D- phenotype. The patient did not have a previ-
ous history of RBC transfusion. However, he had received eight

Table 1. The Rh phenotype and AS-PCR result of RHCE/RHD gene
of each family member

) Rh genotype

Relation Gender  Rh phenotype

RHCE RHD
Patient M -D- - (+)
Father M CDe (+) (+)
Sibling 1 M CDe (+) (+)
Sibling 2 M cDE (+) (+)
Sibling 3 F -D- ) (+)
Sibling 4 F cDE (+) (+)
Sibling 5 F -D- - (+)
Daughter of patient F CDe (+) (+)
Son of patient M CDe (+) (+)

The mother of the patient could not be tested because she was deceased.
Abbreviations: AS-PCR, allele-specific polymerase chain reactions; M, male;
F, female.
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units of random donor platelet concentrates, one was given two
years ago and the other given 6 yr ago. No transfusion-related
problems were noted at the either time. The antibody screening
test, which had been performed just before the first platelet
transfusion, was negative. Through the extensive review of the
past medical history of the patient and by directly interviewing
him, we could not isolate any specific episode other than the
platelet transfusions that we could reasonably suspect of induc-
ing Rh antigen sensitization in the patient. After esophageal vari-
ceal ligation therapy, his hemoglobin level gradually increased to
over 10 g/dL for 2 weeks without transfusion.

Since the -D- phenotype is derived from a homologous dele-
tion of the RHCE genes and is passed on to descendants in a
Mendelian ratio, Rh phenotyping and genotyping tests were
performed on each family member including his biological fa-
ther, siblings, and children, after obtaining informed consent
(Table 1). For RHD/RHCE genotyping, allele-specific polymerase
chain reactions (AS-PCR) for intron 4 of the RHD and RHCE
genes were performed using a method and primers as previ-
ously described [8, 9]. Healthy, control individuals possess both
the 115 bp and 230 bp bands, which represent the presence of
RHD and RHCE genes, respectively (Fig. 1). However, only the
115 bp product was amplified in this patient and his 2 siblings
(Table 1, Sibling 3 and 5), which confirmed the deletion of the
RHCE gene.

RR R R
SEF

MW marker
Patient
RHCE+ and RHD+ contral (wife)
Son
Daughter
Sibling 4
Sibling 3
Sibling 5
Sibling 1
Sibling 2
Father

Pt

230bp 115bp
RHCE ~ RHD

Fig. 1. AS-PCR result of RHCE/RHD gene of each family member.
Abbreviations: MW, molecular weight; AS-PCR, allele-specific polymerase
chain reactions.
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The genotype of deceased mother of the patient was pre-
sumed to be -D-/cDE according to the pedigree analysis. Both
the elder sister and younger sister of patient, identified as -D-
phenotype (Table 1, Sibling 3 and 5), have 2 children with simi-
lar Rh phenotypes. However, both sisters of the patient did not
have any detectable Rh antibodies. They did not have a history
of either blood transfusion or abortion. Underlying medical con-
ditions of the elder sister (Table 1, Sibling 3) were well-controlled
diabetes mellitus and essential hypertension, and the younger
sister (Table 1, Sibling 5) was a carrier of the hepatitis B virus.
For future testing of -D- RBCs in the family members of the pa-
tient, -D- RBCs were collected at 3 separate times from the pa-
tient and his elder sister. Three units of -D- RBCs from each
were deposited in the blood bank of Samsung Medical Center
after being frozen with a cryoprotective agent Glycerolyte 57
(Fenwal Laboratories, Chicago, IL, USA), following the protocol
of the New York Blood Center [10].

RhD typing is usually included in pre-transfusion screening
tests and routine prenatal check-ups. However, Rh phenotyping
for C, ¢, E, and e antigens is not frequently performed. For this
reason, the -D- phenotype is rarely detected during pre-transfu-
sion screenings. The transfusion of blood components having
different Rh antigens except D is performed without specific
consideration given to the -D- phenotype, and it is presumed
that the antibody screening test would be negative and the
cross-match is compatible. The -D- phenotype may be sus-
pected in cases with stronger agglutination reactions in RhD
typing, which is now understood to be a consequence of the in-
sertion of RHD into RHCE in tandem with the RHD gene [11],
but it is likely to be neglected due to variable reactivity.

Apparently, the 2 female siblings (Table 1, Sibling 3 and 5)
with the -D- phenotype were not sensitized by pregnancies, this
observation was in contrast to the several reported cases of -D-
women who had been sensitized through pregnancy [2, 7]. As
for the patient, the only presumptive cause of the sensitization
was the previous transfusions with random donor platelet con-
centrates that likely contained a substantial number of C, c, E,
or e positive RBCs. These particular RBCs likely enabled this
sensitization. It is shown that 1 unit of platelet concentrate con-
tains about 2.2-2.3x10%/uL of RBCs according to the data from
Korean Red Cross Blood Center [12].

In most cases, the factors that trigger sensitization in -D- indi-
viduals are known to be pregnancy or the transfusion of packed
RBCs [2-6, 13-17]. To the best of our knowledge, there has been
no reported case of a -D- individual sensitized by platelet trans-
fusion. It seems that transfusion with any blood component
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contaminated by RBCs is able to efficiently trigger the sensitiza-
tion to C, c, E, e or CcEe polypeptide antigens in a similar way
as the D antigen, which is reported to trigger the formation of
anti-D with only 0.5-1.0 mL of transfused RBCs [18, 19].

In summary, in a patient with a rare Rh phenotype, -D- and
multiple Rh antibodies were found in type and screen test for
transfusion. The only presumptive cause of this sensitization
was a history of transfusion with random donor platelet concen-
trates. This strongly suggests that trivial amounts of RBCs in
platelet concentrates are able to trigger sensitization to the
highly immunogenic C, c, E, or e antigens and induce the for-
mation of clinically significant anti-Rh17 and other Rh antibod-
ies. Therefore, we suggest that Rh phenotyping and antibody
screening be performed in pre-transfusion screenings for any
cellular blood component in order to detect individuals with this
rare Rh phenotype. This will be helpful to prevent sensitization
and to minimize the risk of hemolytic transfusion reactions.
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