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Background. The D antigen is the most immunogenic antigen in the Rh system. D variants
must be considered if there is a significant discrepancy in the strength of reaction obtained with
different anti-D reagents, a discrepancy between current and historical test results and if anti-D
is detected in an individual serologically typed as RhD positive. A panel of monoclonal anti-D
reagents can be used to identify partial D and weak D variants. The aim of this study was to
develop a strategy for RhD typing in discrepant cases.

Materials and methods. Sixty RhD discrepant samples referred to our Institute for
confirmation of RhD status were tested with a panel of 12 monoclonal anti-D reagents
(ALBAclone advanced partial RhD typing kit) and Rh phenotype was determined using C, c,
D, E, and e antisera.

Results. Ninety-three percent of the RhD discrepant cases were classified into weak and
partial D using this kit. Among the D variants characterised, 37% belonged to DFR, 23% to
DOL, 12% to weak D, and the remaining 21% to DAR, DV, DMH, DCS and DVI categories.
Ninety-seven percent of the D variants were "C" antigen positive. Out of the panel of 12
monoclonal anti-D used, cell line LHM-70/45 gave negative reactions with all RhD discrepant
cases and cell lines LHM-76/59, LHM-76/55 and ESD-1 gave positive reactions with all 60
RhD discrepant cases studied.

Discussion. The Advanced partial D kit was very useful in characterising and identifying D
variants in the Indian population. A preliminary strategy for the detection and identification of
D variants in discrepant cases could be to test for the presence of "C" antigen with anti-C, and
for "D" antigen with anti-D of cell line LHM 70/45. A more comprehensive, but simple way to
identify D variants in routine RhD typing is to use two anti-D reagents i.e LHM 70/45 and one
out of LHM-76/59, LHM-76/55 and ESD-1. D variants can be further characterised by using

the partial D typing kit and molecular genotyping in specialised laboratories.
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Introduction

Rh is one of the most important and clinically
significant blood group system. D antigen is the
most immunogenic and clinically important of this
system because of the ability of anti-D to cause
transfusion reactions and haemolytic disease of the
foetus and newborn!. Rh blood group discrepancies
may arise when an individual has a variant of D
antigen. Partial D and weak D are the most commonly
found D variants®. Partial D variants lack one or
more epitopes of D antigen while weak D have all
epitopes present but express a significantly reduced

amount of D antigen per red blood cell and are usually
identified by the indirect antiglobulin test (IAT)>*.
Both these variants may be mistyped as D negative
by an immediate spin test. D antigen discrepancies
need to be resolved in order that the correct D antigen
status can be assigned and appropriate (D positive
or D negative) blood products can be administered.
RhD discrepancies can also create confusion over the
use of Rh immunoglobulin prophylaxis in pregnant
women with D variant®®.

Earlier, when polyclonal anti-D reagents were in
routine use, weak D (or Du as they were called in the
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past) were identified by performing sensitive tests
such as the IAT. Blood banks have been encountering
more cases of discrepancies in RhD grouping since
they started using monoclonal anti-D reagents
which are available as IgM, IgG and IgM+IgG"%.
Our experience has been similar as an increasing
number of cases have been referred to our Institute
for confirmation of RhD status in the past few years.

The incidences of D positive, D negative and D
variants vary in different populations as documented

in the literature®!

. The Indian population is
considered ideal for genetic studies as it has enormous
genetic, cultural and linguistic diversities'>!3. Our
earlier study, in which we tested 5,315 individuals
with a panel of 30 epitope-specific monoclonal anti-D
to determine the distribution of epitopes present in
our population, showed a varied pattern of reactivity
in different Indian castes and communities'*. We have
also tested 60 partial D variants confirmed by serology
and molecular techniques with a panel of commercial
anti-D reagents available on the Indian market and
found that no single monoclonal anti-D reagent
could identify all the D variants. A combination of
two monoclonal anti-D reagents could identify only
66% of the D variants which were interpreted by their
weaker reactions or discrepant results, thus showing
the limitations of commercial anti-D reagents in
identifying D variants in our population'.

Specific panels of monoclonal anti-D reagents
have become popular for identifying partial D and
some weak D variants and help laboratories (through
identification and classification of these variants) to
make informed decisions on D antigen status'®!’.
Molecular analysis of RHD gene has been used to
resolve RhD discrepancies, but is not routinely used
even in western countries. Our study on partial D
variants using a panel of six monoclonal anti-D
reagents (Diagnostics Scotland, Edinburgh, UK)
showed that 37% of these could not be characterised'®.
When a panel of 12 monoclonal anti-D reagents with
the potential to characterise more of the most common
partial D and weak D variants!® became available,
we started to use this kit to test all further samples
referred to us with Rh discrepant results. This has
helped us to select suitable anti-D reagents to identify
most common D variants encountered in the Indian
population by serological methods, which can be used
in any Indian blood bank or laboratory.
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Materials and methods

Two different Food and Drug Administration
(FDA)-approved reagents from two different
manufacturers or different batches from the same
manufacturer are used to type D antigen in the
majority of the blood banks and laboratories in India.
Most of the laboratories prefer using a blend of IgM+
IgG monoclonal anti-D reagents as this can be used
for both immediate spin testing and IAT. A D variant
is considered possible if there is: (i) a significant
discrepancy in the strength of reactions obtained with
different anti-D reagents, (ii) a weak agglutination
reaction by IAT, (iii) a discrepancy between current
and historical test results, and (iv) anti-D detected
in an individual who is serologically RhD positive.
Samples tested by two monoclonal anti-D reagents
(IgM and IgM+IgG by the tube technique) were
referred by various blood banks and laboratories to
our Institute for confirmation of RhD status.

Sixty samples (from blood donors and antenatal
women), referred to the Institute for investigation of
discrepancies in RhD grouping were tested with the
ALBAclone Advanced Partial RhD Typing Kit (Alba
Bioscience Limited, Edinburgh, United Kingdom)
by an IAT (tube technique) according to the
manufacturer's instructions. This kit contains a
panel of 12 monoclonal anti-D reagents which can
identify 15 partial D variants and weak D types 1
& 2 depending on the reactivity pattern (Table I).
Rh phenotyping on all RhD discrepant samples was
carried out using monoclonal anti-C, anti-c, anti-D,
anti-E and anti-e antisera. The most probable Rh
genotype was deduced from the Rh phenotype?!.

Results

Sixty samples giving RhD discrepant results were
further investigated for their characterisation into
weak D and partial D. Ninety-three percent of these
cases were classified into different D variants using
the ALBAclone Advanced Partial RhD Typing kit,
whereas four RhD discrepant cases (6.66%) could
not be classified according to the reactivity pattern
given in Table I. Sixty percent of D variants belonged
to the DFR or DOL category, 12% to weak D type
1 or 2 and only 3% belonged to the DVI category
(Figure 1). Ninety-seven percent of the D variants
showed the presence of "C" antigen. In the present
study using a kit with 12 monoclonal anti-D reagents



RhD typing in discrepant cases

Table I - Reaction profile of the ALBAclone Advanced Partial D Typing kit.

Kit Anti-D WeakD DII&DNU DII DIV DV DCS DVI DVII DOL DFR DMH DAR DAR-E DHK &DAU-4 DBT RoHar
ID. cellline typel &2
A LHM + + + +  +H0  + 0 + + + + + 0 0 0 +)/0
76/58
B LHM + + + 0 + + + + + + + + + + 0 0
76/59
C LHM +)/0 + + 0 0 + 0 + 0 0 + 0 0 0 0 0
174/102
D LHM + + + + o+ + 0 + + + + + + + 0 0
50/28
E LHM + + + 0 0 + 0 + + + + 0 0 0 0 0
169/81
F ESD-1 + + + 0 + + + + + + + + + + 0 0
G LHM + + + 0 + + + + + + + + + + 0 0
76/55
H LHM + 0 + 0 + 4+ + + + + + + + +/0 0 0
77/64
I LHM (+)/0 + + 0 0 0 0 + 0 0 0 0 0 0 0 0
70/45
J LHM + + + + o+ + 0 0 0 0 +) 0 +) + + 0
59/19
K LHM + + + o+ o+ o+ 0 + + + + + + 0 0 0
169/80
L LHM + + + + + 0 0 + + 0 + + 0 0 + 0
57/17
variants identified in this study. Table III shows the
wedks c;ﬁ};:iﬁed DER percentage of RhD discrepant cases giving negative

12%

23%

Figure 1 - Classification of D variants in RhD discrepant
cases studied.

(Table II), only 7% of the discrepant cases could not
be characterised compared to 37% in our earlier study
using a kit with six monoclonal anti-D reagents.
Further analysis of the reactivity pattern of the
D variants against 12 monoclonal anti-D in the kit
showed that the cell lines C (LHM 174/102), I (LHM
70/45) and J (LHM 59/19) gave negative reactions
with the majority of the D variants. Monoclonal
anti-D cell lines B (LHM 76/59, F (ESD-1) and G
(LHM 76/55) showed positive reactions with all D
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reactions with some monoclonal anti-D of the kit. All
D variants gave negative reactions with cell line LHM
70/45 and cell lines LHM 174/102 and LHM 59/19
gave negative reactions with 87% and 83% of RhD
discrepant cases studied, respectively. Monoclonal
anti-D LHM 76/59, ESD-1 and LHM 76/55 gave
positive reactions with all RhD discrepant cases.

Discussion

The appropriate assignment of RhD antigen status
is essential in order to administer Rh immunoglobulin
injections to D negative women and to transfuse Rh
negative blood to Rh negative recipients. However
the serological distinction between D positive and D
negative red blood cells is not always straightforward
in the case of D variants®. Partial and weak D variant
phenotypes give discrepant RhD group results when
different commercially available monoclonal anti-D
reagents are used in the laboratories!>*2. Depending
on the presence or absence of D epitopes on red cells,
individuals with partial D may type as D positive
or D negative with commercially available anti-D
reagents?®*. Weak D variants may give strong, weak
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Table II - Characterisation of D variants with two partial D kits.

Partial D kit

Total n. of D variants tested

Number of D variants not characterised

Diagnostics Scotland partial D kit
(panel of 6 monoclonal anti-D)

ALBACclone advanced partial D kit
(panel of 12 monoclonal anti-D)

22 (36.7%)*

4 (6.66%)**

Legend
*earlier study'®, **present study.

Table III - Number of D variants showing negative reactions with some monoclonal anti-D of the Advanced Partial

D Typing kit.

Monoclonal anti-D kit ID B F G 1 C J Total n. of samples tested
Cell line LHM  ESD-1 LHM LHM LHM LHM
76/59 76/55 70/45  174/102  59/19
Number of D variants showing negative reaction 0 0 0 60 52 50 60
% 0 0 0 100 87 83

or negative reactions depending on the sensitivity
of the anti-D reagents and techniques used and
can, therefore, give discrepant results in different
laboratories’-°.

Although it is difficult in blood banks to differentiate
between partial D and weak D, it is important to
identify a donor as having a D variant as the red cells
of such a donor could elicit an immune response if
transfused to a D negative recipient. However, a partial
D and weak D recipient can be safely considered as
Rh negative. Therefore, in many laboratories different
anti-D reagents are used for Rh typing of red cells
from donors and from recipients/patients. The intent of
FDA-approved anti-D serological typing reagents for
recipients/patients is to ensure that appropriate D
antigen status is assigned so that most common partial
D variants are non-reactive in an immediate spin test
and reported as RhD negative. The reagent used for
Rh typing of donors should be such that even very
weak reactions are detected. Donor red cells showing
weak reactions with anti-D or D variants should be
considered as Rh positive and this blood must not be
transfused to D negative recipients as it may produce
anti-D?*. Commercially available FDA-approved
anti-D reagents can react differently with D variant
antigens depending on the epitopes against which
the antibody is produced and the epitopes present in
partial D variants.

In the present study 60 samples, referred to us for
confirmation of RhD grouping due to RhD discrepant
results, were tested with the ALBAclone Advanced
Partial D Typing kit to identify the D variants.
We observed that this kit was very useful for the
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identification and characterisation of D variants. In
our earlier study'®, using a partial D kit containing a
panel of six monoclonal anti-D, we identified 63%
of D variants whereas in the present study 93% of D
variants could be classified given the potential of the
kit to identify weak D types 1 and 2 and 15 different
partial D variants (Table II). The remaining 7% (four
D variants) showed a new pattern of weak reactions
not classified by the kit. A similar observation was
reported by Pereira et al., who identified a pattern of
results with an anti-D panel which did not correspond
to any described before, suggesting the presence of
anew D variant'’.

The analysis of the reactivity pattern of the 60
RhD discrepant cases with the 12 monoclonal anti-D
reagents of the kit showed that none of them reacted
with the cell line LHM 70/45. This cell line can,
therefore, be used for Rh typing of red cells from
antenatal patients and blood transfusion recipients
so that most of the D variants can be identified as
D negative and that these recipients can be given D
negative transfusions and antenatal women can be
given Rh prophylaxis. On the other hand, the cell
lines LHM 76/59, ESD-1 and LHM 76/55 showed
positive reactions with all the D variants identified
in this study. It can, therefore, be considered quite
appropriate to use these cell lines for typing red cells
from donors so that they are typed as Rh positive.

Different countries have their own policies for
the selection of blood grouping reagents and have
their own transfusion and diagnostic strategies!®?+2,
Determination of RHD alleles carried by weak
D/partial D individuals would be the best procedure



for typing D variants and making the right decisions.
However, only a few laboratories use molecular
workup routinely when serology does not give the
correct status, even in western countries?®. Pirenne
et al. observed that serological typing of D antigen
can be safe if a strategy based on the frequency of
D variants and clinical situation is implemented,
as it is impossible to determine the cut-off for
agglutination strength to decide D negative or D
positive assignment for transfusion or pregnancy?’.
Polin et al. have developed a molecular RhD typing
strategy for the Austrian population for samples
showing weak reactions or discrepant results with
different anti-D reagents?®.

Based on our findings in this study, it seems
appropriate to select anti-D reagents which will
identify the majority of D variants in our population
by simple serological techniques, which will be useful
in blood banks for the determination of correct RhD
status. Thus the shortcomings of our commercial anti-D
reagents can be overcome and future implementation
of molecular testing of Rh will reduce and may
potentially eliminate alloimmunisation to Rh.

Testing for the presence of the "C" antigen with
anti-C and for the D antigen with anti-D reagent
using cell line LHM 70/45 could be the simple
serological diagnostic strategy for the detection and
identification of D variants in RhD discrepant cases.
A more comprehensive and simple way to identify D
variants in routine RhD typing would be to include
two anti-D reagents i.e (i) LHM 70/45 and (ii) any one
of'the cell lines LHM 76/59, ESD-1 and LHM 76/55.
As the use of this combination is expected to give
discrepant results with the majority of the D variants
in the Indian population, identification of D variants
would become possible. Further characterisation
of D variants can be performed using all the anti-D
reagents of the Advanced Partial D Typing kit and
molecular genotyping by specialised laboratories.
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