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Abstract:

Introduction: GP.Verweyst (Vw), also known as Mi.l, is one of eleven antigens in the Miltenberger subclasses
(Mil to Mi.XI). In the Thai population, only one case of Vw(+) phenotype has been reported. Currently, the
National Blood Centre, Thai Red Cross Society (NBC, TRCS), has developed a monoclonal anti-Vw antibody,
enabling its application for screening the Vw(+) phenotype in blood donors. Objective: To determine the phenotype
frequency of GP.Vw in Thai blood donors in additional blood donors at the NBC, TRCS. Material and Methods:
A total of 11,965 CPDA blood samples from Thai blood donors were analyzed. These included 2,224 (18.6%)
group A, 4,152 (34.7%) group B, 4,488 (37.5%) group O, and 1,101 (9.2%) group AB. The samples were screened
for GP.Vw using monoclonal anti-Vw from the NBC, TRCS via the conventional tube technique. GP.Vw-positive
were confirmed using additional anti-Vw and Mi subclass antibodies from the Japanese Red Cross (anti-Vw,
anti-Mur, anti-MUT, anti-Hil, anti-Hop, anti-Anek, and anti-Mi°), employing both the conventional tube technique
and the column agglutination technique (CAT). Results: This study found two donors (0.0167%) with the Vw(+):
one male with blood group A and one female with blood group O. Conclusion: The discovery of the GP.Vw in
Thai blood donors is highly valuable for blood bank laboratories. It serves as an important resource for testing in
the production of anti-Mi" blood grouping reagents and for evaluating antibodies against Mi subclasses derived
from newly hybridoma cell lines.
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Introduction

The GP.Verweyst (GP.Vw) or MNS9 antigen is part of
the Miltenberger classes (Mi subclasses) of the variants
MNS phenotypes. It is a low-frequency antigen within
the MNS blood group system, which is considered the
second most complex after the Rh blood group system.
The MNS system includes a wide range of variant alleles,
resulting in a total of 50 known antigens.”” The Mi
subclasses, also known as Mi®, arises from a crossover
event between the GYPA gene, which encodes glyco-
phorin A, and the GYPB gene, which encodes glyco-
phorin B. This recombination occurs during meiosis I
phase in cell division and results in the formation of a
hybrid chromosomes that are variant alleles."® Initially,
the Mi subclass was classified into five categories,
Mi.I through Mi.V, based on red blood cells reactions
with anti-Mi®, anti-Vw, anti-Hut, anti-Mur, and anti-Hil.
Subsequently, the classification expanded to 11 cate-
gories (Mi.I to Mi.XI), each associated with a specific
glycophorin (GP) variant: GP.Vw (MiI), GP.Hut (Mi.II),
GP.Mur (MiIll), GP.Hop (MilV), GP.Hil (Mi.V), GP.Bun
(Mi.VI), GP.Nob (Mi.V1I), GP.Joh (Mi.VIII), GP.Dane (Mi.
IX), GP.HF (MiX), and GP.JL (Mi.XI)."" GP.Vw or Mil
was first reported by Hart, et al. in 1954° and is classified
under the glycophorin A-B-A hybrid subgroup, GP.(A-
B-A).
GP.Hut, GP.Nob, GP.Joh, and GP.Dane, all controlled
by the GYP(A-B-A) hybrid gene. When tested with an-

This subgroup includes five antigens: GP.Vw,

ti-Mi®, these phenotypes typically yield a positive result
(Mi*-positive).” GP.Vw phenotypes are often associated
with the Ns allele, occasionally with NS, and rarely with
Ms. The GP.Vw phenotype is found in approximately
1.43% of the southern Swiss population.”’ Anti-Vw
are clinically significant, as they have been reported
to cause hemolytic transfusion reactions (HTRs) and
hemolytic disease of the fetus and newborn (HDFN),

. . . -a 3,10-
similar to anti-Mi**'"*"

When anti-Mi® was first de-
tected in the serum of Mrs. Miltenberger, anti-Vw is
part of a group of polyspecific antibodies that target

various antigens in the Mi subsystem. Currently, it

is accepted that there is no single specific anti-Mi*
antibody.*” Anti-Mi® found in patients or blood donors
can be induced by pregnancy or blood transfusion and
usually exhibit specificity for antigens such as anti-Mur,
anti-MUT, anti-Hil, anti-Hop, and anti-Hut, based on
tests using Mi subclass cells. When these plasma
units are used to prepare polyclonal anti-Mi® reagents,
the specificity typically includes anti-Mur, anti-MUT,
anti-Hil, anti-Hop, and anti-Hut. Currently, the anti-Mi®
reagent used by the National Blood Centre, Thai Red
Cross Society (NBC, TRCS) is produced by using a
mixture of two hybridoma cell lines: the 4E4 human
hybridoma, which expresses anti-MUT and reacts with
GP.Hut (Mi.II), GP.Mur (Mi.IIl), GP.Hop (Mi.IV), GP.Bun
(Mi.VI), and GP.HF (MiX); and the 15D2 murine hy-
bridoma, which expresses anti-Vw. This combination
yields an anti-Mi® reagent that is reactive with GP.Vw
(MiI), GP.Hut (Mill), GP.Mur (MiIll), GP.Hop (MiIV),
GP.Bun (Mi.VI), and GP.HF (Mi.X). Not only the 15D2
hybridoma cell line expresses anti-Vw specificity, but
it can also be used to identify the GP.Vw phenotype
in Thai blood donors. The results are recorded in the
blood donor database to facilitate the standardization of
anti-Mi® reagents produced by the NBC, TRCS. These
reagents must effectively cover Mi subclasses that are

found in Thai populations™

Materials and Methods

Blood and Reagent Samples

A total of 11,965 CPD blood donor samples were
collected at the NBC, TRCS between October 2023 and
March 2024. These samples remained from routine testing
and consisted of the following blood groups: group A,
2,224 samples (18.6%); group B, 4,152 samples (34.7%);
group O, 4,488 samples (37.5%); and group AB, 1,101
samples (9.2%). Blood grouping reagents from the NBC,
TRCS included anti-Vw, anti-MUT, and anti-Mi®, while
blood grouping reagents from the Japanese Red Cross
Society (JRCS) included anti-Vw, anti-Mur, anti-MUT,

anti-Hil, anti-Hop, anti-Anek, and anti-Mi".
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Methods

Detection of individuals with the Vw(+) phenotype
was performed as follows: blood samples were prepared
at a concentration of 2-5% red cells suspended in normal
saline. One drop of this red blood cells suspension was
mixed with one drop of anti-Vw reagent from the NBC,
TRCS. The mixture was incubated at room temperature
(22-24°C) for 10 minutes, then centrifuged at 1,000 xg
for 15 seconds. The agglutination reaction was graded
are 1+, 2+, 3+, 4+, and 0 for negative. Samples with
a positive reaction were further tested for confirmation
using anti-Vw, anti-MUT, and anti-Mi® reagents from
the NBC, TRCS via the conventional tube technique.16

Subsequently, confirmation was performed using
reagents from the JRCS (anti-Vw, anti-Mur, anti-MUT,
anti-Hil, anti-Hop, anti-Anek, and anti-Mi®) using the
column agglutination technique (CAT) from Bio-Rad
Laboratories, Inc., Hercules, California, USA. Using
CAT method, blood samples were prepared at a con-
centration of 0.8% red cell suspension, and 50 L of the
suspension was added to the column along with 25 uL
of antibodies. The mixture was incubated at 37°C for
15 minutes and centrifuged for 10 minutes.

The study is part of a research project aimed at
developing blood grouping reagents. The project was
approved by the Research Ethics Committee of the
NBC, TRCS (COA No. NBC 6/2016) on July 15, 2023.

Results

Among the 11,965 blood donor samples tested for
the GP.Vw (Mil) phenotype, only two donors were
positive. The distribution of GP.Vw-positivity according
to ABO blood group is summarized in Table 1. One
positive case was observed in group A donors and
one in group O donors, while no positive cases were
detected in groups B or AB. Overall, the prevalence
of the GP.Vw phenotype in this donor population was
0.0167% (2/11,965). Both GP.Vw-positive donors were
middle-aged adults (42 and 50 years). Serologic testing
showed positive reactions with anti-Vw and anti-Mi®
using both NBC, TRCS and Japanese antisera, while
no reactivity was observed with anti-Mur, anti-MUT,
anti-Hil, anti-Hop, or anti-Anek. Based on the reaction
pattern, both donors were classified as GP.Vw (Mi.),

as shown in Table 2.

Discussion

A total of 11,965 blood donor samples from the NBC,
TRCS were tested for GP.Vw antigen. It was found that
two samples tested positive with anti-Vw. Both detected
samples were tested for Mi subclasses using following
antibodies: anti-Vw, anti-MUT, and anti-Mi® reagents
from the NBC, TRCS, as well as reagents from the JRCS
including anti-Vw, anti-Mi®, anti-Mur, anti-MUT, anti-Hil,

anti-Hop, and anti-Anek showed positive results for anti-Vw

Table 1 The detection of GP. Verweyst in Thai blood donors

Blood group

Number of donors

GP. Vw (positive)

GP. Vw (negative)

Total

A 1

0

O 1
AB 0
Total 2

2,223 2,224 (18.6%)
4,152 4,152 (34.7%)
4,487 4,488 (37.5%)
1,101 1,101 (9.2%)
11,963 11,965 (100.0%)

Table 2 The characteristics of GP. Verweyst positive blood donors

Reactions with NBC antisera

Reactions with Japan antisera

Donor No.  Sex Age Mi Classes
Vw MUT Mi* Vw Mi® Mur MUT Hil Hop Anek
1 Female 42 + 0 + + 0 0 0 0 0 GP.Vw
2 Male 50 + 0 + + 0 0 0 0 0 GP.Vw

J Hematol Transfus Med Vol. 36 No. 2 April-June 2026



Updated prevalence of the GP. Verweyst phenotype among Thai blood donors 103

and anti-Mi® but negative for anti-MUT. Anti-MUT is
known to react with Mi.Il, Mi.IlI, MiIV, Mi.VI, and Mi.X.
Negative reactions were also observed with anti-Mur,
anti-Hil, anti-Hop, and anti-Anek, which were used as
negative controls. When tested with anti-Mi* which
reacts with Mil, Mill, Milll, MilV, MiV], and MiX
both samples were positive. Therefore, it was confirmed
that both samples truly carried the Vw(+) antigen. In
a previous study of the Miltenberger subsystem in the
Thai population by Chandanayingyong D, only one case
of GP.Vw was found among 243 Mi*(+) individuals out
of a total of 2,600 participants, representing a frequen-
cy of 0.0415%."” In Australia, a study involving 5,098
blood donors found 11 individuals with Mi“(+) (0.22%),
and 3 of them had GP.Vw." Another study by Kerd-
kaewngam K. reported the frequency of MNS hybrid
glycophorins in Mi(a+) donors was one Vw(+) individual
out of 1,216 samples, or 0.082%." This current study
identified two blood donors of GP.Vw. The first was a
50-year-old male, blood group A, who was donating for
the 77" time and previously tested negative for anti-Mi".
The second was a 42-year-old female, blood group O,
who had donated blood 8" times and had a history of
a weak Mi’ antigen reaction. Follow-up revealed that
this donor was previously reported by Kerdkaewngam
K. In this study, the frequency of the Vw antigen was
determined to be 0.0167%. The previously weak anti-
Mi® reaction in this donor may be attributed to the
natural occurring human polyclonal anti-Mi® reagents
produced by the NBC, TRCS. Initially, this anti-Mi* was
produced as a polyclonal antibody derived from human
serum pooled from 4-6 donors known to have anti-Mi®.
Each batch may have had different specificities, such as
anti-MUT, anti-Mur, anti-Hil, or anti-Hop. At the time,
subclass-specific reagents for the Mi system were not
available, limiting the ability to identify and distinguish
between Mi subclasses. As a result, anti-Mi® human
polyclonal reagents may have lacked reactivity with
certain subclasses, such as GP.Vw, leading to negative
or weak reactions. Moreover, due to limited understand-

ing of the Mi subsystem and the lack of standardized

reagent red cells covering all Mi subclasses, detecting
GP.Vw using polyclonal anti-Mi* was challenging. The
amount of anti-Vw present in a reagent batch could
be very low or diluted by plasma from donors without
anti-Vw, leading to reduced or absent reactivity. The
inability to accurately detect GP.Vw can result in serious
clinical consequences. In the absence of accurate iden-
tification patients who possess both Vw and Mi® anti-
bodies may receive incompatible transfusions, leading
to intravascular HTRs, which can result in mortality.”
Additionally, there are reports of HTRs and HDFN caused
by antibodies against hybrid glycophorins such as GP.Vw
and GP.Mur.”* Within the framework of collaborative
project between the NBC, TRCS, and the JRCS, the NBC,
TRCS has received specific antibodies and hybridoma
cell lines for the development of blood group reagents
using human monoclonal hybridoma technology. These
include anti-M, anti-N, anti-P1, and anti-Di°, among
others. Furthermore, the NBC, TRCS has successfully
produced anti-Mi® (IgM) using the human hybridoma
method, resulting in anti-Mi” (human MoAb). The JRCS
confirmed that clone 4E4 expresses anti-MUT specificity,
and clone 15D2 expresses anti-Vw specificity. These
monoclonal antibodies can collectively detect all Mi
subclasses, as reported by Aiem-umporn K.* The two
GP.Vw(+) samples identified in this study can be used to
evaluate the performance of anti-Mi* (human monoclonal
antibody), ensuring its reactivity with Mi.I, Mi.II, Mi.III,
MiIV, Mi.VI, and Mi.X without reacting with the known
GP.Vw(+) samples. This development is significant for
improving Mi® antigen detection in both patients and
blood donors, ensuring the provision of compatible blood
products. For blood donors, especially those used to
produce panels cells at the NBC, TRCS, it is essential
that Mi subclasses reflect the antibody specificities
most commonly found in the Thai population. GP.Mur
or MilIll is predominant among Thais and reacts with
anti-Mi®, anti-MUT, anti-Mur, and anti-Hil. Using such
red cells in antibody identification ensures consistency

between screening and identification results.
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Conclusion

The discovery of GP.Vw (Mi.I) antigen—positive Thai
blood donors not only supports safe blood transfusion
practices but also plays an important role in the develop-
ment of anti-Mi® blood grouping reagents and in the
evaluation of antibodies against Mi subclasses derived
from newly developed hybridoma cell lines produced
by the NBC, TRCS. These reagents are capable of
detecting all Mi subclasses in the Thai population, thereby
enhancing the accuracy of antibody screening and iden-
tification. Additionally, this advancement reduces the
need for imported reagents, fostering self-reliance in

the production of rare blood group testing materials.
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