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Case report
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Abstract:

The Rh blood group is encoded by the RHCE gene, including C, E, ¢, and e, which are clinically important
in causing hemolytic transfusion reactions (HTRs) and hemolytic disease of the fetus and newborn (HDFN). In
this report, we present a case of weak expression of C, E, ¢, and e antigens in a Thai blood donor. The donor’s
RHCE antigens were tested using standard serological methods with monoclonal antibodies from two different
clones using the column agglutination test (CAT) method by Ortho Vision Max analyzer. The blood donor result
using the first clone of monoclonal antibodies was C-E-c-e- and using the second clone of monoclonal antibodies
was C+E-c-e-. Differences between the two monoclonal antibody clones’ results were observed, therefore us-
ing other serological techniques, adsorption-elution and titration, and the molecular technique, next-generation
sequencing (NGS) combined with genetic inheritance studies, to be able to confirm RHCE antigens results. It
was found that the blood donor and her parents had a hybrid of RHD and RHCE genes, which the predicted
hybrid is possibly RHCE(1-2)-D(3-7)-CE(8-10) or RHCE(1)-D(2-8)-CE(9-10) or RHCE(1-2)-D(3-8)-CE(9-10) or RHCE(1)-
D(2-7)-CE(8-10). This may be causing reduced or lack of expression of some or all of the RHCE antigens. The
predicted phenotype of the blood donor and her parents was C+E-c-e+. Due to this testing cannot definitively
identify the variant’s location, further testing using long-read sequencing is required to confirm the position of
the hybrid gene.
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Introduction

The Rh blood group system is one of the most complex
blood groups known in humans'®, with variations due to
deletions, gene conversions, and missense mutations’,
and is the second-most clinically significant blood group
to ABO.”” The Rh blood group system encompasses two
highly homologous genes, RHD and RHCE,**"® closely
located on the short arm of chromosome 1 (1p36.11)"™,
which encode RhD and RhCE proteins differing in only
32-35 of 417 amino acids.” The RHCE gene encodes
the RhCE protein, carrying C (RH2) or ¢ (RH4) and
E (RH3) or e (RH5) antigens.”” Common RhCE anti-
gens are highly immunogenic, and their alloantibodies
have been involved in hemolytic transfusion reactions
(HTRs)” and hemolytic disease of the fetus and new-
born (HDFN) which IgG antibodies passed through the
mother’s placenta to the fetus and destroy the baby’s
red blood cells”. All patients require compatible red
blood cell (RBC) components for safety. In this case, we
will confirm RHCE antigen in blood donors according
to standard of Food and Drug Administration, United
States (U.S.- FDA), red blood cell antigen tests other than
ABO and Rh(D) should be tested with at least 2 different
monoclonal clones which consistent results. Differences
between the two monoclonal antibody clones’ results were
observed, therefore using other serological techniques
such as adsorption-elution™ to detect weak expression
of RHCE antigens and titration for measuring the level
of antigen expression, and the molecular technique is
next-generation sequencing (NGS)" for analyzing the
changed base sequence in deoxyribonucleic acid (DNA),
including the study of genetic inheritance to confirm

RHCE antigens.

Case presentation

A case of a 33-year-old Thai female blood donor, 4"
blood donation from Regional Blood Centre 8" Nakhon-
sawan Province, Thai Red Cross Society, was tested
for RHCE antigens. C, E, ¢ and e phenotyping was
performed using the column agglutination test (CAT)
method by the Ortho Clinical Diagnostic, Switzerland
on Ortho Vision Max analyzer. Blood samples from the
donor, along with her parents blood samples, were sent
to the Reference Laboratory Centre at the National Blood
Centre (NBC), Thai Red Cross Society for confirmed C,
E, ¢ and e phenotyping. The donor's RHCE antigens
were tested using standard serological methods with
monoclonal antibodies from two different clones, as
detailed in Table 1.

The blood donor results showed that the first clone
of monoclonal antibodies was C-E-c-e- and the second
clone of monoclonal antibodies was C+E-c-e- (Table
1). Differences between the two monoclonal antibody
clones’ results were observed. Her parents blood sam-
ples were tested for phenotyping which the results
showed C+E-c-e+ (Table 1). According to Mendel's
laws of inheritance, the expected phenotype of the
blood donor would be C+E-c-e+, which is consistent
with her parents. Based on the hypothesis, it is likely
that the blood donor has antigens similar to those of
her parents, but with very weak expression. We have
performed other serological techniques to confirm the
C, E, ¢, and e phenotype results.

First of all, we performed adsorption-elution test.
The red blood cells of the blood donor were adsorbed
with anti-C and anti-e, incubated at 37°C for 60

minutes at the appropriate temperature for Rh antibodies.

Table 1 The results of C, E, ¢, and e phenotype using monoclonal antibodies from two different clones in the

blood donor, and her parents

Anti-C clone Anti-E clone Ant-c clone Anti-e clone
Serology
1. MS 24 2. MS 273 1.DEM 1 2. MS 80/258 1. H 48 2. 951 1. MS 16/21/63 2. MS 62
Donor 0 2+ 0 0 0 0 0 0
Father 4+ 4+ 0 0 0 0 4+ 4+
Mother 4+ 4+ 0 0 0 0 4+ 4+

J Hematol Transfus Med Vol. 35 No. 1 January-March 2025



68

Siwaporn Namdang, et al.

Table 2 The results of the titration tests for anti-C and anti-e with red blood cells from the donor’'s parents

The strength of antigen

Cells Anti-sera 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1,024 1:2,048
expression (Titer)
Father C 4+ 4+ 3+ 1+ 1+ 1+ W 0 0 0 0 0 32
Mother C 4+ 4+ 3+ 3+ 1+ 1+ W w 0 0 0 0 32
1. normal C+E-c-e+ cell C 4+ 4+ 4+ 4+ 3+ 2+ 1+ 1+ w 0 0 0 128
2. normal C+E-c-e+ cell C 4+ 4+ 4+ 4+ 3+ 3+ 2+ 1+ W 0 0 0 128
Father e 4+ 4+ 4+ 3+ 3+ 2+ 1+ 1+ 0 0 0 0 128
Mother e 4+ 4+ 4+ 4+ 4+ 4+ 3+ 1+ 1+ 0 0 0 256
1. normal C+E-c-e+ cell e 4+ 4+ 4+ 4+ 4+ 4+ 2+ 1+ 1+ w 0 0 256
2. normal C+E-c-e+ cell e 4+ 4+ 4+ 4+ 4+ 3+ 3+ 2+ 1+ 0 0 0 256

® The agglutination reaction was graded, with a final titer being determined as 1+, representing the highest strength of the antigen (titer)

® The gray color indicates the final 1+ agglutination reaction, representing the highest strength of the antigen (titer)

Table 3 The scoring system to calculate the strength of the antigen.

Total score

Cells Anti-sera 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1,024 1:2,048
Father C 12 12 10 5 5 5 2 0 0 0 0 0 51
Mother C 12 12 10 10 5 5 2 2 0 0 0 0 58
1. normal C+E-c-e+ cell C 12 12 12 12 10 8 5 5 2 0 0 0 78
2. normal C+E-c-e+ cell C 12 12 12 12 10 10 8 5 2 0 0 0 83
Father e 12 12 12 10 10 8 5 5 0 0 0 0 74
Mother e 12 12 12 12 12 12 10 5 5 0 0 0 92
1. normal C+E-c-e+ cell e 12 12 12 12 12 12 8 5 5 2 0 0 92
2. normal C+E-c-e+ cell e 12 12 12 12 12 10 10 8 5 0 0 0 93

® Scores differing by more than 10 points compared to normal cells are clinically significant."

® The gray color indicates the scores are considered clinically significant.

After that acid-elution was performed, and the eluate
was tested with C+c- and e+E- cells to detect anti-C
and anti-e that could bind to the weak antigens on
the cell surface. The testing revealed that the eluate
contained both anti-C and anti-e. From these results,
the phenotype of C+E-c-e+, but a weak expression for
C and e antigens were observed. We suspect that the
donor’s parents had an abnormal strength of antigen
expression for C and e. In addition, we use titration to
test the strength of the antigen with the red blood cells
of the donor’s parents, as detailed in Table 2. The results
of the titration tests for anti-C and anti-e by grading
the agglutination reaction was graded as 0, 1+, 2+, 3+,
and 4+. The strengths of the antigen results of the
donor’s parent cell were compared with normal C+E-
c-e+ cells. The agglutination reaction was graded, with
a final titer being determined as 1+, representing the
highest strength of the antigen (titer). The titer of the

C antigen was 32 in the father and mother, compared

to 128 in normal cells. The titer of the e antigen was
128 in the father and 256 in the mother, compared to
256 in normal cells. In cases where the difference in
antigen titer exceeds 1 two-fold dilution, it is considered
clinically significant.”” The results showed that only
antigen C was significantly weakly expressed in the
father and mother. The scoring system for the evalua-
tion of quantitative antigen expression levels uses the
definition of the Association for the Advancement of
Blood & Biotherapies (AABB) standards for Blood Banks
and Transfusion Services, the total scores for each
result are shown in Table 3. The scores are recorded
as follows: 4+ = 12 points; 3+ = 10 points; 2+ = 8 points;
1+ = 5 points; and weak = 2 points."

The score of the C antigen was 51 points in the
father, and 58 points in the mother, compared to 78
and 71 points in normal cells, respectively. The score
of the e antigen was 74 points in the father, and 92

points in the mother, compared to 92 and 93 points
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in normal cells, respectively. When comparing the
differences in scores, it was found that the father had
a lower strength of C antigen expression than normal
cells, with differences of 27 and 20 points, respectively.
In addition, the father had a lower strength of e antigen
expression than normal cells, with differences of 18 and
19 points, respectively. Meanwhile, the mother had a
lower strength of C antigen expression than normal
cells, with differences of 20 and 13 points, respectively.
In addition, the mother had a lower strength of e
antigen expression than normal cells, with differences
of 0 and 1 point, respectively. Scores differing by more
than 10 points are considered clinically significant." In
summary, the scoring results indicate that the father
has a lower strength of C and e antigen expression,
while the mother has only a lower strength of C antigen
expression. When comparing the results of the strength
antigen expression between grading and scoring, it
is clear that there are differences in the indication
of the clinical significance of the strength of antigen
expression. The scoring system provides a clearer and
more quantitative assessment of abnormalities, whereas
grading offers a qualitative assessment. The scoring
system helps to highlight significant differences in the
strength of antigen expression more effectively.
Finally, to investigate base sequence variations and
genetic inheritance within her family. The blood samples
from the donor and her parents were sent to the Austra-
lian Red Cross Lifeblood for molecular analysis utilizing
next generation sequencing (NGS). It was found that
the blood donor and her parents had a hybrid of RHD
and RHCE genes, which the predicted hybrid is possibly
RHCE(1-2)-D(3-7)-CE(8-10) or RHCE(1)-D(2-8)-CE(9-10) or
RHCE(1-2)-D(3-8)-CE(9-10) or RHCE(1)-D(2-7)-CE(8-10).
This may be causing reduced or lack of expression
of some or all of the RHCE antigens.
that the probable genotype is RHD*01/01 and RHCE*02
together with one of the previous hybrids with a probable

Her parent is

phenotype of C+E-c-e+. The predicted phenotype of
the donor parents was C+E-c-e+, which matched the
antigens detected using serological techniques. Since the

father showed weak expression of the C and e antigens

and the mother showed only weak expression of the C
antigens, it is hypothesized that the hybrid gene may
still retain exon 2 of the RHCE gene, as exon 2 plays a
maijor role in the expression of C antigen. In addition,
the blood donor’s probable genotype is RHD*01/01 and
homozygous for either of the previous hybrids. Due
to this testing cannot definitively identify the variant’s
location, further testing using long-read sequencing is

required to confirm the position of the hybrid gene.

Materials and Methods

Study samples

Three samples (father, mother, and donor) were
investigated in this study. RHCE antigens phenotyping,
adsorption-elution, and titration studies were performed
at the National Blood Centre (NBC), Thai Red Cross
Society. Genotyping by DNA sequencing was performed
at the Australian Red Cross Lifeblood. This study has
ethics approval from the NBC, Thai Red Cross Society
Ethics Committee (NBC 4/2025).
Hemagglutination tests

Standard hemagglutination tests were performed
using column agglutination technology (Reverse, Ortho
clinical diagnostic, Switzerland) following the manu-
facturer’s recommendation. RHCE phenotyping was
tested with monoclonal antibodies from two different
clones and was used according to the manufacturer’s
instructions. The first clone of monoclonal antibodies
included Anti-C clone MS 24 (Merck Millipore),
anti-E clone DEM1 (NBC), anti-c clone H48 (NBC), and
anti-e clone MS 16/21/63 (Merck Millipore). The second
clone of monoclonal antibodies included anti-C clone MS
273 (Merck Millipore), anti-E clone MS 80/258 (Merck
Millipore), anti-c clone 951 (Merck Millipore), and anti-e
clone MS 62 (Merck Millipore).
Adsorption-elution

The red blood cells of the blood donor were adsorbed
with anti-C and anti-e, incubated at 37°C for 60
minutes at the appropriate temperature for Rh antibodies.
Acid-elution (DiaCidel Reagents kit, Bio-Rad) was tested

according to the manufacturer’s instructions.
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Titration

First, diluted anti-C and anti-e with 5% bovine serum
albumin in a serial two-fold dilution starting from 1:2
to 1:2,048, pipetted 200 pL per each dilution, added 50
WL of 3-5% red cell suspension from the donor’s parent,
incubated at 37°C for 60 minutes, washed 3 times
with 0.9% NSS, add two drops anti-human globulin,
centrifuged at 1,000 g for 15 seconds, last, read the
agglutination reaction.
DNA sequencing

DNA extraction equipment (QIAsymphony, QIAGEN)
was used to extract DNA from EDTA-whole blood sam-
ples as recommended by the manufacturer. Massively
parallel sequencing (MPS) was performed using a cus-
tom-designed panel (Ilumina, San Diego, USA)."” DNA
were prepared using the Illumina DNA prep with an
enrichment kit. DNA sequencing was performed on
a DNA sequencer (llumina MiSeq) as per the manu-
facturer’s instructions. Binary alignment map (BAM)
files were generated after the reads were aligned to
the human reference genome GRCh37/Hg19 on the

MiSeq. BAM files were then imported into bioinformatics

Table 4 The DNA sequencing result of the donor

analysis software (CLC genomics workbench software
20, QIAGEN) to generate annotated variant call files as

previously described.”

Results

RBC Phenotyping

The donor and her parents’ RHCE phenotyping was
tested using standard serological methods with mono-
clonal antibodies from two different clones, as detailed
in Table 1.
Adsorption-Elution

The donor sample was tested by adsorption-elution
test. The testing revealed that the eluate contained
both anti-C and anti-e. Results indicated the donor had
C+E-c-e+, but a weak expression for C and e antigens.
Titration

The strengths of the antigens with the red blood
cells of the donor’s parents are detailed in Table 2&3.
DNA sequencing

The blood donor and her parents had a hybrid form
of RHD and RHCE genes, as detailed in Table 4&5.

Gene variation

Interpretation

RHD&RHCE (RH) CNVs

Normalised mean coverage ratios for RHD appears to indicate the presence of two copies

of the RHD gene noting also an apparent overrepresentation when compared to the RHCE

gene. Also see below.

RHCE (RH) CNVs

Normalised mean coverage rations for RHCE initially indicates two copies of the RHCE*02

allele however subsequent interrogation of the sequence read mapping for RHCE incicates

it is more likely a single copy with the second allele being the same suspected hybrid allele

that is present in his daughter's sample.

The predicted hybrid is possibly RHCE(1-2)-D(3-7)-CE(8-10) or RHCE(1)-D(2-8)-CE(9-10) or RH-
CE(1-2)-D(3-8)-CE(9-10) or RHCE(1)-D(2-7)-CE(8-10). This may be causing reduced or lack of

expression of some or all of the RHCE antigen. (Please note that due to sequence homology

we cannot determine whether exons 2 and 8 in the hybrid variants are RHD or RHCE derived)
The hybrid alleles RH(1)-D(2-8)-CE(9-10) and RHCE(1)-D(2-7)-CE(8-10) have been previously

reported 3 and may be present in this sample.

Our interim outcome is that the probable genotype is RHD*01/01 and RHCE*02 together with

one of the previous hybrids.
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Table 5 The DNA sequencing result of the donor’s parents. The donor’s parents had the same result.

Gene variation

Interpretation

RHD (RH) CNVs

Normalised mean coverage ratios for RHD appears to indicate the presence of two copies
of the RHD gene noting also an apparent overrepresentation when compared to the RHCE

gene. Also see below.

RHCE (RH) CNVs

Normalised mean coverage ratio for RHCE initially indicates two copies of the RHCE*02 allele
however subsequent interrogation of the sequence read mapping for RHCE incidates a hybrid

allele is present at homozygous level.

The predicted hybrid is possibly RHCE(1-2)-D(3-7)-CE(8-10) or RHCE(1)-D(2-8)-CE(9-10) or RH-
CE(1-2)-D(3-8)-CE(9-10) or RHCE(1)-D(2-7)-CE(8-10). This may be causing reduced or lack of
expression of some or all of the RHCE antigen. (Please note that due to sequence homology
we cannot determine whether exons 2 and 8 in the hybrid variants are RHD or RHCE derived)
The hybrid alleles RH(1)-D(2-8)-CE(9-10) and RHCE(1)-D(2-7)-CE(8-10) have been previously

reported 3 and may be present in this sample.

Our interim outcome is that the probable genotype is RHD*01/01 and homozygous for either

of the previous hybrids.

Discussion

In this case report, differences between the two
monoclonal antibody clones’ results were observed,
so other serological techniques were used, including
adsorption-elution and titration. Moreover, by comparing
the results of the strength antigen expression between
grading and scoring, the scoring system helps to high-
light significant differences in the strength of antigen
expression more effectively. The molecular technique
was next-generation sequencing (NGS) to investigate
base sequence variations and genetic inheritance. The
study of genetic inheritance is very helpful in investi-

gating the probability of RHCE antigens.

Conclusion
The results showed that the blood donor had the
probable phenotype C+E-c-e+ with weak C and e an-
tigen expression. The blood donor and her parents
had a hybrid of RHD and RHCE genes. This may be
causing reduced or lack of expression of some or all of

the RHCE antigens.
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