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Background -Discriminating individuals with “Asian type DEL” from those
who are “true D-negative” (D-) among serologically D- donors/patients in Asia
would be very valuable, as clinical outcomes are different in these groups.
Here we investigated the molecular basis of D-negativity in Thai blood donors,
designing a specific strategy for this purpose.

Materials and methods - After routine testing, a total of 1,270 serologically
D- blood donors originating from Central, Northeastern and South Thailand
underwent analysis of the RHD gene by (i) quantitative multiplex polymerase
chain reaction of short fluorescent fragments (QMPSF); (ii) direct sequencing
of exon 9 to identify the ¢.1227G>A variant defining the Asian type DEL allele;
and (iii) direct sequencing of the other exons.

Results - The most common observation was whole deletion of the gene (i.e.
RHD*01N.01; allele frequency: 86.81%), followed by the Asian type DEL allele
(RHD*01EL.01; 7.60%) and a D-negative hybrid allele (RHD*01N.03; 3.46%).
Four novel alleles, including one with a 13.1 kilobase-deletion, were identified
and characterized. All but one RHD*01EL.01 allele carriers (183/184) were
C-positive (C+), suggesting that this latter subset may be screened specifically
when investigating the c.1227G>A variant, which can be identified with 100%
accuracy by a specific Tm-shift genotyping assay.

Discussion -Onthebasis of ourextensive molecularfindings, we have designed
a dedicated diagnostic strategy based on Rh C antigen typing followed by a
genotyping test. Implementation of this method in all or selected groups of
serologically D- donors/patients will contribute to improve the management
of transfusion and pregnancy in Thailand.
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INTRODUCTION

Expression of the D antigen in the Rh blood group system (ISBToo4) is routinely
assessed by serological testing using panels of monoclonal antibodies. On the basis

of the presence and absence of the antigen at the surface of red blood cells (RBC),
donors/patients are classified as D-positive (D+) and D-negative (D-), respectively.
The prevalence of D antigen expression has long been known to be dependent on
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the origin of the population(s) of interest. In East and
SoutheastAsia, more than 99% of'the general population
are D+"*. Intheremaining apparent (or serologically) D—
subset, a variant RHD allele harboring the c.1227G>A
single nucleotide variant (SNV) has been reported in
10-30% individualss®. This synonymous SNV is located
at the final nucleotide position in RHD exon 9°, and
has been shown to alter cellular splicing dramatically,
mostly resulting in the production of nonfunctional,
aberrant transcript isoforms™ . This so-called Asian
type DEL allele (RHD*01EL.o1 or RHD*DEL1, according
to the official ISBT nomenclature; URL: www.isbtweb.
org/resource/0oo4rhd.html) confers a DEL phenotype®?,
consisting of the expression of minute amounts of
the D antigen which can be detected specifically by
an adsorption-elution test**. Importantly, Asian type
DEL RBCs are thought to express the full repertoire of
D epitopes®. It was thus proposed that such patients
could be transfused with D+ RBC with no risk of
alloimmunization®, as supported by further clinical
observations", thereby contributing to restrict
the provision of precious, limited D— RBCs strictly
to “true” D- patients. Such protocols have not been
implemented to date, but discriminating DEL RBCs
from true D— RBCs by a simple selective method would
be very valuable in order to optimize RBC resources.
In Thailand, we recently showed that 15.6% of
serologically D- Thai blood donors carry the Asian
type DEL allele in a comprehensive, large-scale study®.
On the basis of our findings, it seemed that it could be
a relevant part of the global Thai transfusion policy to
implementadedicated strategytoidentify those donors
specifically. Furthermore, because we found several
novel alleles in our previous studies®?°, we decided to
investigate RHD genetic polymorphism further in the
Thai population. Here, we (i) describe the nature and
frequency of the RHD allele in 1,270 newly genotyped,
serologically D— Thai blood donors, (ii) report the
novel alleles identified in the study, (iii) describe the
design and validation of a simple genotyping approach
to screen for the c.1227G>A SNV rapidly in order to
distinguish the Asian DEL samples from the true
D- samples, and (iv) propose a global strategy for
managing serologically D— donors and patients to be
implemented in the Thai healthcare system.
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MATERIALS AND METHODS

Blood samples and serological testing

The study was approved by the Research Ethics Committee,
National Blood Center (NBC), Thai Red Cross Society (COA
No. NBC 13/2018) for human research subjects. Blood donors
were categorized into three groups according to their
geographical origin in Thailand: (i) Central region (NBC,
Bangkok); (ii) Northeastern region (Regional Blood Centers:
Khon Kaen, Ubon Ratchathani, and Nakhon Ratchasima
provinces); and (iii) Southern region (Regional Blood Centers:
Nakhon Si Thammarat, Songkhla, and Phuket provinces). The
Rhtyping procedure (D, C, ¢, E, e) was carried out as described
previously® (details about the routine D typing procedure are
provided in the Online Supplementary Content, Table SI). All
samples yielding a D—or weak D reaction on initial testing
were further analyzed at the NBC (Bangkok) by the indirect
antiglobulin test (IAT) with a standard tube method using
two blended monoclonal IgM/IgG anti-D reagents: (i) IgM
clone LDM2 and IgG clone LHM77 (NBC), and (ii) IgM clone
RUM-1 and IgG clone MS-26 (Plasmatec, Bridport, UK).

Genomic DNA extraction and molecular analysis of
the RH genes

Genomic DNA was extracted from whole blood by a
fully automated protocol (QIAsymphony DSP DNA kit in
combination with the QIAsymphony SP machine, Qiagen,
Valencia, Spain) as recommended by the manufacturer.
/A
spectrophotometry (NanoDrop One Spectrophotometer,

DNA concentration and purity (A )were measured by
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Thermo Fisher Scientific, Illkirch-Graffenstaden, France).
On the basis of our previous studies**°, genotyping of
the serologically D— samples was first carried out by
quantitative multiplex polymerase chain reaction (PCR)
of short fluorescent fragments (QMPSF) to identify
structural variants, including deletions, duplications and
hybrid genes, as previously described®. Second, when
QMPSF was inconclusive, RHD exon 9 was sequenced
to identify the c.1227G>A variation defining the Asian
DEL allele. Finally, if the c.1227G>A substitution was
not detected, all RHD exons were sequenced to identify
potential SNVs in conditions previously described?2.

Three and two genomic regions in RHD introns 3 and
6, respectively, were targeted by PCR amplification, to
characterizenovelalleles. The three primer pairs formarker
amplifications in intron 3 were derived from a previous

work* (RHD_i3a: 5-CTCATCTGGCACAACTCAGCG-
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3’/5-CCAGATCTATCCCACCCCAACA-3’ (73 bp);
RHD_i3b: 5-GGCTGACATCATCAGTGACCAAGA-
3/5’-CATCACACTCTCCCTTTCTTGCTGT-3 (70  bp);
RHD_i3c: 5-AATCCCCAAGTGTTCTTCCTGAAC-3'/5-
TAAGAACTGAAAAGCGGGCTTGT-3’ [80 bp)),
two sets of primer pairs were newly designed in intron 6
(RHD_i6a (88 bp): 5~AGCGACTCAGGAGGCTGAGACA-
3'/5-GCTGGAGTGCCATGGCACG-3; RHD_iéb
(169 bp): 5-CATCTCAGCTTACTGCAAGCTCC-3'/5™-
GTCGGGAGTTCAAGACCAGCAG-3). PCR
were as described before*.

while

conditions

Asian type DEL genotyping assay

A Tm-shift assay targeting the c.1227 nucleotide
position in RHD exon 9 was designed as previously
described®. Briefly, real-time PCR amplification was
carried out in a final volume of 10 pL with a PCR Master
Mix (1X HotStarTaq PCR Master Mix, Qiagen), 0.3 uM
RHD_1227G_F (c.1227G-specific forward primer: 5-GC
GGGCAGGGCGGCGATGACCAAGTTTTCTGGAAG-3),
0.5 tM RHD_1227A_F (c.1227A-specific forward primer:
5-GCGGGCGATGACCAAGTTTTCTGGAAA-3), o.5 uM
RHD_eomisRb (reverse primer: 5-CTCATAAACAGCAAG
TCAACATATACACT-3; a single mismatch is underlined
in bold), 0.5 uM fluorescent dye (SYTO 9, Thermo Fisher
Scientific), and 10-100 ng genomic DNA (gDNA) in a
real-time PCR machine (LightCycler 48011, Roche, Meylan,
France). The conditions are: initial denaturation at 95°C
for 15 min; followed by 45 cycles of denaturation at 95°C
for 10 sec, annealing at 64°C for 10 sec, and extension at
72°C for1osec;denaturationat 95°C for 20 sec;and melting-
curve analysis with fluorescent intensity measurement in
a linear denaturation ramp from 65 to 95°C (0.06°C/sec; 10
acquisitions/sec).

RESULTS

Selection of the serologically D-negative Thai blood
donors, prevalence of Rh C/E antigen expression and
molecular investigation

Following automated routine testing, Thai blood donor
samples typed as D— were tested by IAT. A total of 1,270
samples with a negative IAT were selected for subsequent
genotyping of the RHD gene (Central Thailand: n=800;
Northeastern Thailand: n=220; Southern Thailand: n=250).
Of'these, 598 (47.1%) expressed the C and/or E antigens (C/E+),
while the other 672 (52.9%) were C/E-negative (C/E-).
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Using our three-step molecular typing strategy, consisting
of (i) RHD/RHCE QMPSF, (ii) RHD exon 9 sequencing and (iii)
sequencing of all exons, 2,525 variant alleles were identified
in the 1,270 serologically D- donors, while 15 alleles (in 14
samples) were found to be “wild-type”, or conventional,
RHD"01 (Table I). As expected, the RHD*0o1N.o1 allele was
by far the most common, followed by RHD “o1EL.o1 and the
D-negative RHD “01N.03 allele (TableI).

Next, in order to get insights into the relationship between
the RHD genotype and Rh CcEe phenotype, the samples
and their respective genotypes were subcategorized as a
function of Rh C and/or E antigen expression. Almost all
C/E- samples had the *01N.01/*01N.01 genotype (670/672,
99.7%), while all 27 genotypes were found in the C/E+
subset (TableII). This observation indicates that expression
of C and/or E in Thai blood donors is associated with a
broader molecular variability in the RHD gene, which is an
important result for any subsequent potential diagnostic
strategy. The regional distribution of the samples, as
well as their corresponding genotypes and C/E antigen
expression status, showed no statistical difference (data
not shown; 2 test, p=0.1116).

Table I - Allele frequency in 1,270 serologically D-negative
Thai blood donor samples

Allele! Occurence (%)
*01N.01 2,205 (86.81)
*01EL.01 193 (7.60)
*01N.03 88 (3.46)
*D-CE(3-10) 15 (0.59)
*01 15 (0.59)
*01N.02 4 (0.16)
*01N.83 3 (0.12)
RHD(A237D) 3 (0.12)
*01EL.44 2 (0.08)
RHD(c.971delA)? 2 (0.08)
RHD-CE(3-7)-D-CE(9)-D? 2 (0.08)
RHDex(4-6)del? 2 (0.08)
*0IN.05 1 (0.04)
*01IN.16 1 (0.04)
*01N.61 1 (0.04)
*06.02 1 (0.04)
*15 1 (0.04)
RHD(c.52delC)? 1 (0.04)
Total 2,540 (100.00)

In accordance with the Human RhesusBase?. ?Novel alleles.
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Table II - RHD genotype in 1,270 serologically D-negative Thai blood donor samples and
associated C/E antigen expression status

Allele 1 Allele 2 C/E- C/E+ Total

N. (%) N. (%) N. (%)
*01IN.01 *01IN.01 670 (52.76) 293 (23.07) 963 (75.83)
*01EL.01 *01IN.01 1 (0.08) 162 (12.76) 163 (12.84)
*0IN.03 *0IN.01 72 (5.67) 72 (5.67)
*D-CE(3-10) *01IN.01 1 (0.08) 13 (1.02) 14 (1.10)
01 *01IN.01 10 (0.79) 10 (0.79)
*01EL.01 *01EL.01 9 (0.71) 9 (0.71)
*01EL.01 *01IN.03 8 (0.63) 8 (0.63)
*0IN.03 *0IN.03 3 (0.24) 3 (0.24)
*01N.83 *01IN.01 3 (0.24) 3 (0.24)
01 *01EL.01 3 (0.24) 3 (0.24)
RHD(A237D) *01IN.01 2 (0.16) 2 (0.16)
*0IN.02 *0IN.01 2 (0.16) 2 (0.16)
*01EL.44 *01IN.01 2 (0.16) 2 (0.16)
RHDex(4-6)del* *01IN.01 2 (0.16) 2 (0.16)
RHD(c.971delA)! *01IN.01 2 (0.16) 2 (0.16)
*D-CE(3-10) *0IN.03 1 (0.08) 1 (0.08)
*0IN.02 *0IN.02 1 (0.08) 1 (0.08)
*01IN.05 *01IN.01 1 (0.08) 1 (0.08)
*01IN.16 *01IN.01 1 (0.08) 1 (0.08)
*0IN.61 *01IN.01 1 (0.08) 1 (0.08)
RHD(c.52delC)! *0IN.01 1 (0.08) 1 (0.08)
RHD-CE(3-7)-D-CE(9)-D! *01IN.01 1 (0.08) 1 (0.08)
*01EL.01 RHD-CE(3-7)-D-CE(9)-D* 1 (0.08) 1 (0.08)
RHD(A237D) *01IN.03 1 (0.08) 1 (0.08)
*06.02 *0IN.01 1 (0.08) 1 (0.08)
*15 *01N.01 1 (0.08) 1 (0.08)
*01 01 1 (0.08) 1 (0.08)

672 (52.91) 598 (47.09) 1,270 (100.00)

Novel alleles.

Characterization of novel RHD alleles

In three donors, RHD QMPSF analysis did not show any
signal in exons 4, 5, and 6 (Online Supplementary Content,
Figure S14). This pattern is commonly observed in samples
with allele RHD*06.02 carrying a hybrid RHD-CE(4-6)-D
gene at the hemizygous state (personal observation). In such
a situation, RHCE QMPSF typically yields an additional
copy of these exons. Here, this latter pattern was confirmed
in sample REO55 (i.e. exon 4, 5, and 6 copy number=3),
but not in samples NN545 and RS202, in which the copy
number remained two (Online Supplementary Content,
Figure S1B). This result suggested that REos5 carries the
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*06.02 allele, while the other two samples harbor a different
allele, possibly involving deletion of RHD exons 4, 5, and 6,
whichhasnotbeenreportedyettoourknowledge. Toaddress
this possibility, we hypothesized that the breakpoints
defining a potential deleted region locate within intron 3
and intron 6 at their 5>- and 3-ends, respectively, and used
a series of PCR primer pairs to compare the amplification
of RHD gene markers in a wild-type control DNA and the
samples (Figure 14). The differential patterns obtained by
PCR amplification suggested that the potential deletion
is located between the exon 3 and intron 6a markers
(Figure 1B; e3 and i6a, respectively). Subsequent PCR
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Figure 1 - Molecular characterization of the novel RHDex(4-6)del allele

(A) Relative positions of the polymerase chain reaction (PCR) markers between RHD exons 3 and 7 (top panel); sequencing pattern of the
breakpoint in the samples of interest (NN545 and RS202) (middle panel); and sequences in the 30-bp homologous regions (underlined) of introns
3 and 6 resulting in the breakpoint (bottom panel). (B) PCR amplification of specific markers in RHD in a wild-type control DNA (Ctrl RHD+) and
the samples of interest (NN545 and RS202). e3 and e7: RHD exons 3 and 7 markers; i3 and i6: RHD introns 3 and 6 markers; L: 100 bp DNA ladder.
(C) PCR amplification for defining the breakpoint in the novel allele with primers RHD_e3seqF (5’-CAGTCGTCCTGGCTCTCCC-3’) and RHD_i6a_R
(5’-GCTGGAGTGCCATGGCACG-3’) showing a specific PCR product (black arrowhead) in the samples of interest only. C+: wild-type RHD control
DNA; C-: control DNA defective in the RHD gene (homozygous deletion); NN: NN545; RS: RS202; NTC: no template control.

amplification with the respective forward and reverse
primers defining the boundaries specifically yielded a
single PCR product in the samples, but not in the control
DNA samples (Figure 1C). Direct sequencing clearly
identified the breakpoint, which involves homologous
30-base pair (bp) AluS sequences within intron 3 and
intron 6 (Figure 1A). The deleted region was thus shown
to involve 13,130 base pairs defining the novel RHDex(4-6)
del allele (NM_o16124.6(RHD): c.486+489_939+950del)
(Table ITI), which is assumed to confer a D— phenotype.

the D-negative RHD-CE(3-7)-D-CE(9)-D
hybrid allele was found in two samples: NN413 and NN767

In addition,

(Table II1I). This allele strongly mimics *01N.03, which is
structured as RHD-CE(3-9)-D. Actually both alleles share
the same open reading frame sequence, because RHD and
RHCE exons 8 are identical, but diverge only by the origin
of the exon, which is RHCE in *0iN.03 and RHD in the
novel allele as assessed by QMPSF (data not shown). Finally,
two novel alleles involving a single nucleotide deletion
were identified: c.52delC in exon 1, and c.971delA in exon
7, which are both supposed to result in a premature stop
codon (Table III). Overall, a total of 18 different alleles
were identified (Table I), including the four novel alleles
described above.

Table I1I - Novel RHD-negative alleles in seven Thai blood donors

Novel allele GenBank Accession Sample ID RhCE phenotype RHD allele in trans
Number
RHD(c.52delC) ON229040 NN444 ccEe *01IN.01
NN541 Ccee *01IN.01
RHD(c.971delA) ON229041
NN727 Ccee *0IN.01
NN413 Ccee *01IN.01
RHD-CE(3-7)-D-CE(9)-D ON229042
NN767 CCee *01EL.01
NN545 CcEe *0IN.01
RHDex(4-6)del ON229043
RS202 Ccee *01N.01
All rights reserved - For personal use only 213
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Identification of Asian type DEL allele carriers:
strategy and molecular assay

Discriminating Asian type DEL individuals, who
express the D antigen, from the “true” D- individuals in
serologically D— subsets may be of interest in East and
Southeast Asia. In a previous study in 1,125 serologically
D- Thai blood donors®, we showed that Asian type DEL
(*fo1EL.o1) allele carriers were almost all C/E+ (172/175,
98.3%), while the remaining samples were mostly C/E-
(394/950, 41.5%). This observation was confirmed in the
current study, in which 183/184 (99.5%) RHD¥o1EL.o1
allele carriers were C/E+, and, even more specifically,
C+, whereas only 415/1,086 (38.2%) were C/E+ among the
other samples (Table II). On the basis of these data, we
consider that screening for the Asian type DEL allele in

the Thai population may be restricted preferentially to

the serologically D—, C+ individuals, Rh C antigen typing
being included as an integral part of the whole strategy.

We then thought about designing and implementing
a simple molecular assay to identify specifically the
€.1227G>A variant, i.e. the molecular SNV involved in
the Asian type DEL allele. To this aim, we chose to adapt
an approach previously used to screen specifically the
*o1W.o1, *o1W.02, and *o1W.o3 alleles in the Caucasian
population, i.e. the Tm-shift genotyping assay*. Briefly,
this method is based on real-time PCR amplification using
sequence-specific primers of various lengths targeting
specifically either the wild-type (c.1227G) or the variant
(c.1227A) sequence in RHD exon 9. Following melting-
curve analysis, samples can be discriminated through
their Tm when compared with reference samples. After
optimization with a limited number of samples and to

Table IV - RHD alleles with partial deletions (~ 1 kb and longer) and characterized breakpoints

Allele designation Deletion size (bp) Phenotype GenBank Accession Reference
Number
RHD(delEx8) 995 DEL N/A 2
RHDex10del type 1 5,405 Weak D/DEL JN696682, KX584099 %
RHD*(Ex3del)602G,667G,819A 10,625 D- KY038382 2
RHDex10del type 2 7,640 D- KX584100 %
RHDex1del type 1 18,450 DEL KX584097 3
RHDex9del 1,012 DEL KX793704 2
RHD*Ex(1-3)del 34,460 D- MT231528 0
RHD*Ex(1-5)del 36,321 D- MN783009 0
RHDex(4-6)del 13,130 D- ON229043 This study
GE0S L B A-positive OG-positive
) ) . 0540 82
Figure 2 - Representative profiles of
0.430 |

melting-curve analysis for identifying
the c.1227G>A single nucleotide variant
defining the Asian type DEL allele by
the Tm-shift genotyping assay. The
embedded graph shows Tm distribution in
seven and 62 samples positive for the ¢.1227G
(G-positive; Tm [°C] = 80.06 + 0.77) and c.1227A
(A-positive; Tm [°C] = 77.90°C + 0.26) specific
amplifications, respectively. G-/A+: samples
carrying c.1227A only in RHD exon 9; G+/A-:
samples carrying ¢.1227G only in RHD exon 9;
G-/A-: samples negative for both ¢.1227G and
c.1227A.
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test our settings in diagnostics-compatible conditions,
C+ samples were selected from the Northeastern and
Southern subsets, accounting for a total of 231 samples
(data not shown). Samples carrying a G and/or an A at
position c.1227 in RHD exon 9 could be distinguished
directly by their Tm (t-test, p-value <107?) (Figure 2). More
specifically, the Asian type DEL allele was identified
in 62/231 samples, as expected, with 100% specificity
and sensitivity. Overall, our newly designed Tm-shift
genotyping assay was validated for accurately identifiying
the ¢.1227G>A SNV in the Thai population.

DISCUSSION

RHD gene variability in serologically D- Thai blood
donors

In this study, we further explore the molecular basis
of serological D-negativity in blood donors from three
different regions of Thailand: Central, Northeastern, and
Southern. In terms of the allele frequency, the four most
common variant alleles, i.e. “01N.o1, *01EL.01, *01N.03 and
RHD-CE(3-10), account for ~98.46% of the total RHD alleles,
whichisin agreement with our previous study at the nation-
wide level (98.40%)%, the remaining ~1.5% being shared in14
other alleles (Table I). Data about RHD gene polymorphism
are thus definitely strengthened in Thailand. It will be very
informative to investigate other countries in Southeast
Asia at the same level in order to gain insights into RHD
molecular epidemiology in the area.

In our previous study® and this present study in the Thai
population, the RHD gene has been genotyped in a total of
2,395 serologically D— Thai blood donors. Among these, nine
novel alleles were found in 15 donors, i.e. one novel RHD-
negative allele in every 266 serologically D— Thai individuals.
Interestingly, in this study, an allele with a partial deletion
encompassing exons 4, 5, and 6 was identified, namely
RHDex(4-6)del (Figure 1). Such mutational events have
been rarely reported in RHD. Indeed, to our knowledge,
this is only the ninth allele described with a ~1 kb or larger
deletion (Table IV). It is also important to highlight the fact
that such an allele would have been misgenotyped if no
quantitative method had been used. This further reinforces
the statement that, in the context of RH molecular genetics,
it is important to include (semi)quantitative methods, such
as a multiplex ligation-dendent probe amplification assay®
and the QMPSF*, in the whole RH genotyping strategy, and

All rights reserved - For personal use only

that these methods play an important role in determining
RHD zygosity and characterizing alleles involving copy
number variations, including gene rearrangements,
deletions and duplications®=*3¢, Overall, the present study
definitely extends the molecular knowledge of the RHD
gene polymorphism.

Screening for Asian type DEL carriers in the
serologically D- Thai population

The prevalence of D- individuals has long been known to
be <1%in East and Southeast Asia**, resulting in a shortage
of D— RBC units and the need for strict control of provision
of such units. In this subset in Thailand, we found that
~15% carry the c.1227G>A variant. It is critical to mention
that the other exons were not analyzed in this c.1227A-
positive subset. Theoretically, an additional variant
elsewhere in the gene may result in a different phenotype,
e.g. D-negative if carrying a premature stop codon, but
this is unlikely. Indeed, so far, to our knowledge, only
two alleles carrying the c.1227G>A SNV (i.e. RHD*01EL.01
and RHD01EL.36, the latter harboring the additional
€.1073+152C>A in RHD intron 7), both of them resulting
in a DEL phenotype, have been officially reported (ISBT
Red Cell Immunogenetics and Blood Group Terminology
Working Party, RHD Blood Group Allele Table: www.
isbtweb.org/resource/oo4rhd.html), suggesting that other
(nonfunctional) alleles on a RHD*01EL.01 background are
very rare, if any. In our previous research in a subset of
Thai samples harboring the c¢.1227G>A SNV, no additional
SNV was identified (personal unpublished data). On the
basis of these observations, we suggest that the samples
identified as c.1227A-positive in the current study are very
likely to carry the Asian type DEL (or RHD*01EL.01) allele.
These samples are therefore not “true D-" cases, as they
are thought to be positive for D antigen expression'*®.
It is worth mentioning that, because adsorption-elution
testing was not carried out, the DEL phenotype was not
definitely confirmed in these samples. This phenotype/
genotype situation has evident major consequences.
From a donor’s point of view, mistyping “Asian DEL” RBCs
as “D-" RBCs by conventional methods and transfusion
of this product have been retrospectively shown to
induce alloimmunization in true D- patients®*. From
the recipient’s point of view, alloimmunization has
not been reported in either Asian type DEL pregnant
women carrying a D+ fetus or in Asian type DEL

215

No other use without premission



patients transfused with D+ RBC'*##_ In addition to
several lines of biochemical evidence*, these clinical
observations strongly suggest that, in the serologically D—
subset, Asian type DEL individuals may be preferentially
considered as D+, while the molecular mechanisms
driving the expression of a complete D antigen remain
to be unambiguously determined by functional studies
in fresh biological samples to bridge the gap between
genotype and phenotype?. We, therefore, decided to
design a specific strategy with a dedicated flow chart to
discriminate specifically Asian type DEL individuals from
true D- individuals in Thailand.

Such a strategy has been already implemented in other Asian
countries using various PCR-based methods with or without
consideration of the Rh CcEe phenotype**°. As indicated
above, 359/2,395 (15.0%) serologically D— blood donors were
found to carry the RHD*01EL.o1 allele in Thailand. In this
subset, 355/359 (98.9%) were not only C/E+, but were actually
C+, accounting for ~46% of the total serologically D— Thai
blood donors. Overall, the likelihood of finding Asian type
DEL allele carriers is 32.3% (355/1,102) and 0.3% (4/1,293) in C+
and C-, respectively. Thus, focusing molecular screening
on the former subset appears to be a reasonable option for
optimizing the cost and probability of identifying the Asian
type DEL allele, and will be definitely the first stage of selection
once serological D— samples are identified.

Next, based onour previousexperiencein SNV genotyping,
we chose to adapt the simple and cost-effective Tm-shift
assay approach to identify the c.1227G>A SNV?*2. Our
specific assay proved to be accurate to this aim with 100%
concordance with the sequencing data. This molecular
test will thus be the next stage of selection.

CONCLUSIONS

Our extensive phenotypic and molecular studies in
serologically D— blood donors in the Thai population
formed the bases of the design of a specific strategy
to distinguish between Asian type DEL and true D-
individuals. It will be the role of National Authorities
to define precisely the criteria for investigating the
c.1227G>A SNV in serologically D- individuals, such
as all donors, pregnant women and/or women of
childbearing age, patients with a chronic disease, etc.
Furthermore, large-scale epidemiological studies in East
and Southeast Asia, combined with functional analyses,
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are now definitely required to address the critical
question of the status of Asian type DEL individuals
regarding D antigen expression.
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