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INTRODUCTION
Antigens of the MNS blood group system are 
present on human red blood cell membranes 
and are  classified by the International Society 
of Blood Transfusion (ISBT 002) as the 
second blood group system. These antigens are 
glycoproteins, including glycophorin A (GPA), 
glycophorin B (GPB), and hybrid GPA/GPB 
molecules, encoded by the GYPA and GYPB 
genes, respectively1. The MNS system has 50 
distinct antigens, making it second in complexity 
only to the Rh system (ISBT 004), which has 56 
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Background
Mia is a low-frequency red cell antigen associated with the 
MNS glycophorin variants, commonly found in individuals 
with the GP. Mur phenotype in Southeast Asia. The 
alloantibody, anti-Mia, is linked to hemolytic transfusion 
reactions and hemolytic disease of the fetus and newborn. 
This study aimed to assess the prevalence of Mia antigen 
expression and the presence of anti-Mia antibodies.
Methods
This study was conducted at the Blood Bank unit of 
Universiti Kebangsaan Malaysia Medical Centre. The Mia 
antigen phenotyping was performed from June 2018 to 
September 2019 using random sampling of blood samples 
collected for pre-transfusion testing and analyzed using a 
monoclonal anti-Mia antibody. The prevalence of anti-Mia 
antibodies was evaluated from samples sent for antibody 
screening and identification over one year from October 
2018 to September 2019.
Results
A total of 694 patients participated in the Mia antigen 
study, including 347 Malays, 233 Chinese, and 114 
Indians. The overall prevalence of the Mia antigen was 18 
out of 694 (2.6%). The highest frequency was observed 
in the Chinese group (4.7%), followed by Malays (1.7%) 
and Indians (0.9%), with statistical significance (p=0.038). 
For anti-Mia antibody study, 13,011 samples were 
screened for antibodies, resulting in 231 alloantibody 
positive cases (1.8%), with anti-Mia antibodies detected 
in 61 cases, reflecting a prevalence of 0.5%. Conclusion: 
Given Malaysia’s diverse ethnic makeup, understanding 
Mia antigen frequency is essential. This study reveals a 
relatively low prevalence of the Mia antigen alongside 
a notable incidence of anti-Mia antibodies compared to 
neighboring countries.
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antigens2. The main antigens in the MNS system are M, 
N, S, and s.

The Miltenberger subsystems include phenotypes 
with low-frequency antigens associated with the MNS 
blood group and were introduced by Cleghorn in 1966, 
named after a woman who developed the alloantibody 
anti-Mia after immunization from her antigen-positive 
fetus3. Initially, Miltenberger phenotypes were 
serologically defined based on reactivity patterns with 
various antisera4. They were first categorized into 5 
classes, later expanded to 11 classes (Mi.I to Mi.XI)1. 
As research advanced, the outdated Miltenberger 
system was replaced with a glycophorin (GP)-based 
nomenclature, using ‘GP’ for glycophorin and ‘GYP’ 
for the gene4,5. The GP. Mur phenotype, previously 
known as Miltenberger subtype III (Mi.III), arises 
from the recombination of GYPA and GYPB into the 
GYP[B-A-B] hybrid gene, expressing antigens such as 
Mia, Mur, Hil, MINY, and MUT1,6.

The incidence of the GP. Mur phenotype is found to 
be low in Caucasian (0.0098%)7, Japanese (0.006%)8, 
mainland Chinese from north of the Yangtze River 
(0%)9, Northern India (0.1%) 10 and Australia (0.22%)11. 
However, relatively high frequencies of occurrence are 
noted in the general population of Southeast Asia and 
East Asia: Taiwan (7.3%)12, Hong Kong (6.28%)13, 
Southern China (6.5%)14, mainland Chinese from south 
of the Yangtze River (4.3%)9, Thailand (9.03%)15, 
Vietnam (6%)16 and Malaysia (3.8%)17. The frequency 
of the phenotype is notably higher among Taiwan’s 
mountain indigenous groups, specifically the Ami, 
Yami, and Puyuma, with rates of 88.4%, 34.3%, and 
21.2%, respectively9.

Most earlier studies used serological methods with 
antibodies against Mia and/or Mur, but the Mia antigen is 
also present in GP. Vw, GP. Hut, GP. Hop, GP. Bun, and 
GP. HF phenotypes, while the Mur antigen appears in 
GP. Mur, GP. Hop, GP. Bun, and GP. Dane phenotype1. 
Due to overlapping antigens, recent studies employ 
genotyping for precise classification18. For instance, a 
Thai study with 1,041 subjects found 9.03% positive 
for anti-Mia antibodies, with genotyping revealing 
8% as GP. Mur15.  Another study in Taiwan has also 
conducted genotyping and proved that GP. Mur is the 
only prevalent Glycophorin subtype in Taiwan19.

The Glycophorin subsystem antibodies are known to 
be clinically significant and can cause immediate and 
delayed transfusion reactions12,20. These antibodies are 
also reported to cause hemolytic disease of the fetus 
and newborn21,22,23. In Taiwan, anti-Mia was the most 
common alloantibody12. In Malaysia, anti-Mia was the 
most frequently detected alloantibody with an incidence 
of 30.4% (49/161) of all alloantibody’s positive cases24.
Understanding the prevalence of the Mia antigen is 
crucial in assessing immunization rates in Malaysia’s 
diverse population.

This study aims to determine the prevalence of the 
Mia antigen using standardized anti-Mia monoclonal 
antibodies (Novaclone; Immucor) and corresponding 
anti-Mia antibodies with Mia positive RBCs (Biorad 
ID-DiaCell I-II-III Asia Mia+) among patients at a 
University Hospital in Peninsular Malaysia, focusing 
on its distribution across the three major ethnic groups 
in the country.

MATERIALS AND METHODS
Approval for this study was granted by the Research 
and Ethics Committee at Universiti Kebangsaan 
Malaysia (UKM) (Research number: FF-2018-192). 
This prospective, cross-sectional analytical study was 
conducted at the Blood Bank of UKM Medical Centre 
(UKMMC) and comprised two components. The first 
component focused on determining the prevalence of the 
Mia antigen, carried out from June 2018 to September 
2019. The second component assessed the prevalence 
of the anti-Mia antibody, conducted from October 2018 
to September 2019 over one year. The study population 
included blood samples from patients sent to the Blood 
Bank Unit at UKMMC for pre-transfusion testing. A 
random sampling method was employed for Mia antigen 
testing, while a universal sampling method was used for 
anti-Mia antibody testing, including all samples sent for 
routine antibody screening.

Mia antigen testing

A total of 694 blood samples were randomly selected 
for the study. Exclusions were made for patients with 
recent RBC transfusions (within the last 3 months), 
hemolyzed samples, insufficient volume, incomplete 
request forms, and incorrectly labeled samples. 
Testing was conducted following the manufacturer’s 
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instructions for the Anti-Mia reagent (Novaclone; 
Immucor) using the tube method with standard 
hemagglutination techniques. A 2-4% suspension of 
washed RBCs was prepared in buffered isotonic saline. 
Fifty microliters (µL) of Anti-Mia murine monoclonal 
IgG antibody was added to a labeled test tube, followed 
by 50 µL of the RBC suspension. The mixture was 
incubated at room temperature for 10 minutes and then 
centrifuged for 15 seconds at 900-1000 rcf. After gently 
resuspending the red cell button, agglutination was 
assessed macroscopically. A reaction intensity of 1+ 
or higher was considered positive, with results graded 
from 1+ to 4+ based on agglutination levels25. Known 
Mia positive and negative RBCs served as controls, and 
results were recorded accordingly.

Anti-Mia antibody testing 

A total of 13,011 blood samples were included for pre-
transfusion testing. Antibody screening was conducted 
using three screening cells (Biorad ID-DiaCell I-II-III 
Asia Mia+). Plasma samples that tested positive were 
further analyzed using 11 red cells (Biorad ID-DiaPanel) 
for antibody identification. A typical anti-Mia case would 
show positive results with the Mia+ screening cell and 
negative results with the 11 Mia- red cells present in the 
antibody identification panel. Confirmation followed the 
“rule of three,” requiring three reactive Mia+ and three 
non-reactive Mia- red cells, as outlined by the AABB 
Technical Manual based on Fisher’s exact method25. 
Additionally, phenotyping of the patient’s red cells 
was performed with a monoclonal anti-Mia antibody 
(Novaclone; Immucor), yielding a corresponding Mia 
antigen negative result. Positive reactions were graded 
from 1+ to 4+ based on agglutination level25. Results 
were recorded in the worksheet. 

Data were collected and analyzed using IBM SPSS 
version 22. The results were expressed in percentages 
and significance were assessed using the Pearson Chi-
Square test. 

RESULTS
Mia antigen 

A total of 694 randomly selected patient samples were 
tested, of which majority were Malays 50% (n=347), 
followed by Chinese 34% (n=233) and Indians 16% 
(n=114). The prevalence of Mia antigen among UKMMC 

patients was 2.6% (18/694). Chinese showed the highest 
frequency of 4.7% (11/233), followed by Malays 1.7% 
(6/347) and Indians 0.9% (1/114). Statistical analysis by 
Chi Square test shows a significant association between 
ethnicity and prevalence of Mia antigen with p=0.038. 
No significance difference seen between the male and 
female (Table 1).
Table 1: Prevalence of Mia antigen by overall population, 
ethnicity, and gender.

Variable  

Frequency Significance 

N %

Gender

Male 9/296 3.0
p value = 0.523 (>0.05)

Female 9/398 2.3

Ethnicity

Malay 6/347 1.7

p value = 0.038 (<0.05)Chinese 11/233 4.7

Indian 1/114 0.9

Total 18/694 2.6

Anti-Mia antibody

A total of 13,011 samples were sent for pre-transfusion 
testing to the blood bank over 1 year. From this, there 
were a  total of 2.1% (267/13011) patients who had 
positive antibody screen. Alloantibodies were identified 
in 1.8% of patients (231/13011), while 0.3% of patients 
had autoantibodies (36/13011). Twenty types of red 
cell alloantibodies were detected, (Table 2) and anti-
Mia was the most frequent with a prevalence of 0.5% 
(61/13011). Distribution of anti-Mia among the different 
ethnicities showed the  highest record in Malays (n= 
43), followed by Chinese (n=13), Indians (n=4) and one 
of Myanmar origin. Anti-Mia made up 26.4% (61/231) 
of the total alloantibody positive cases, followed by 
anti-E 23.4% (54/231), anti-c 11.7% (27/231) and anti-
Lea 9.5% (22/231). Other antibodies encountered with 
decreasing frequency were anti-M, anti-Leb, anti-Jka, 
anti-S, anti-Jkb, anti-Fyb, anti-D, anti-C, anti-e and 
antibody against low incidence antigen (Table 2). There 
was only one case of the following antibodies, anti-Fya, 
anti-Jk3, likely anti-SDA, likely anti-Lua, anti-B, and 
antibody of undetermined significance (data tabulated 
as miscellaneous). 
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Table 2. Prevalence of anti-Mia and other specific red 
cell antibodies detected in patients.

Alloantibodies (n= 231) Autoantibodies (n= 36) 

Antibody 
specificity

Antibody 
frequency

Antibody 
specificity

Antibody 
frequency

Mia 61 (26.4%) Non-specific 
autoIgG

23 (63.9%)

E 54 (23.4%) Non-specific cold 
autoantibody

9 (25%)

c 27 (11.7%) Non-specific 
antibody against 

reagent

2 (5.6%)

Lea 22 (9.5%) Non-specific drug 
induced antibody

1 (2.8%)

M 16 (6.9%) Auto anti-c 1 (2.8%)

Leb 11 (4.8%)

Jka 9 (3.9%)

S 7 (3.0%)

Jkb 4 (1.7%)

Fyb 4 (1.7%)

D 3 (1.3%)

C 3 (1.3%)

e 2 (0.9%)

Antibody 
against low 
incidence 
antigen

2 (0.9%)

Miscellaneous 6 (2.6%)

Total antibodies 267 (100%)

DISCUSSION
The Miltenberger series consists of phenotypes related 
to the MNS system, characterized by overlapping 
specificities of several low-frequency antigens. Until 
recently, 11 phenotypes (Mi I to Mi XI) were recognized. 
As the series evolved with advances in genetic testing, 
Tippett and colleagues proposed a glycophorin-based 
terminology in 19924. Glycophorin classification 
has detected up to 22 phenotypes1. Each phenotype 
expresses between 1 to 6 antigens, with many antigens 
shared across multiple phenotypes1. The Glycophorin 

phenotypes include Mia, Mur, MUT, Hil, Vw, and others, 
totaling around 17 identified antigens1. Mia antigen can 
be found in 6 glycophorin phenotypes including GP. 
Mur, GP. Bun, GP. HF, GP. Hop, GP. Hut and GP. Vw1. 
Among these, GP. Mur is the most prevalent phenotype 
in Southeast Asia, resulting from a hybrid GYP(B-A-B) 
gene on the RBC membrane. The GP. Mur phenotype 
encompasses five antigens: Mia, MUT, Mur, Hil, and 
MINY1. Briefly, GP. Mur carries 5 antigens including 
Mia, and Mia is found in 6 hybrid glycophorins, in 
which GP. Mur is one of them. Anti-Mia antibody is the 
corresponding antibody against Mia antigen. 
Our study found the prevalence of the Mia antigen to be 
2.6% (18/694), which is lower compared to Southeast 
Asian counterparts like Taiwan, Hong Kong, Southern 
China, Thailand, and Vietnam. However, it is higher than 
the prevalence reported in India, Caucasian populations, 
Japanese individuals, and Australians. In this current 
study in Malaysia, the Chinese ethnic group exhibited 
the highest prevalence of Mia antigen at 4.7%, followed 
by Malays and Indians. This aligns with findings from 
other Southeast Asian and East Asian countries with 
Chinese populations. Our study showed the frequency 
of Mia antigens among Malays (1.7%) is similar to the 
GP. Mur frequency observed in Indonesians from a 
study on Filipino and Indonesian workers in Taiwan, 
where GP. Mur genotype frequencies were 7.6% and 
2.1%, respectively26. This correlation reflects shared 
ancestry between Malays in Malaysia and Indonesians. 
Interestingly, the prevalence among Filipinos is 
comparable or slightly higher than that of Taiwanese at 
7.3%9,12. Indians in our study had a low prevalence of 
Mia antigen (0.9%), slightly above the 0.1% observed 
in India10. The study by Makroo et al. (2016) involved 
blood donors from northern India, while Malaysia’s 
Indian population mainly originates from southern 
India, suggesting both regions exhibit low prevalence 
of Mia antigen10. In Australia, the prevalence of Mia 
antigen was 0.22% in the blood donor population, likely 
due to the diverse demographics resulting from various 
immigration waves. Extended phenotyping of Mia-
positive cases in Australia showed that most belonged to 
the GP. Mur phenotype, followed by GP. Vw, GP. Hut, 
and GP. Bun11. According to ISBT classification, a rare 
phenotype blood is defined as having a prevalence of 
less than 1 in 1000 individuals (0.1%)27. Therefore, our 
study findings of 2.6% as the prevalence of Mia antigen 
in Malaysia does not qualify as a rare blood phenotype 
and can be regarded as a significant antigen.      	        

https://www.ibnsinatrust.com/Medical_College_Hospital.php


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

625Available at:     http://www.banglajol.info/index.php/BJMS

The GP. Mur phenotype is associated with enhanced 
RBC membrane stability due to increased levels of band 
3 protein, making these RBCs more resistant to osmotic 
stress28. This property has led to the natural selection of 
GP. Mur in regions endemic to Plasmodium falciparum 
malaria, known to infect RBCs via glycophorins. A 
significant 88.4% of the indigenous Ami tribe in Eastern 
Taiwan are GP. Mur positive6,9, an area where malaria 
has been endemic for centuries29 .  In southern China, 
6.5% of the local population is GP. Mur positive30 with 
historical records indicating malaria’s presence in the 
region for 5000 years6. Thus, studying the prevalence 
of the GP. Mur phenotype in East Malaysia, specifically 
Sabah and Sarawak, which are also malaria-endemic, 
could be valuable31.
Anti-Mia is the antibody corresponding to the Mia antigen. 
In our study, the prevalence of the anti-Mia antibody 
was 0.5% (61/13011), the highest frequency reported 
to date. Comparatively, the anti-Mia prevalence in other 
Southeast Asian and East Asian countries is lower, with 
0.45% in Southern China30, 0.28% in Taiwan12, 0.057% 
in Hong Kong32and 0.19% in Thailand33. A similar study 
done in Malaysia by Prathiba et al. (2002)17 showed 
prevalence of anti-Mia of 0.2%. From our study, anti-
Mia antibody was also the most frequent alloantibody 
encountered, which made up 26.4% (61/231) of the 
total alloantibody positive cases, followed by anti-E, 
anti-c and anti-Lea. This result is comparable to a study 
by Yousuf et al. (2013)24 which also demonstrated anti-
Mia as the most frequently detected alloantibody with a 
prevalence of 30.4% (49/161) among total alloantibody 
positive cases. In contrast, Prathiba et al. (2002)17 found 
anti-Mia to be the third most common antibody, with 
Lewis antibodies being the most prevalent, followed by 
those against Rhesus antigens. Blood banks in Taiwan 
have also shown that the frequency of anti-Mia is higher 
than the total of all Rh antibodies34. This is significant 
as it indicates a high rate of alloimmunization among 
our patients due to Mia antigen-positive RBCs from 
transfusions, transplants, or pregnancies, despite some 
cases of naturally occurring anti-Mia antibodies. The 
risk of developing anti-Mia antibodies in Mia-negative 
patients through blood transfusions is considerable in 
Malaysia, with 2.6% (our result) to 3.8% (Prathiba et 
al. 2002)17 of the local population being Mia antigen 
positive.
Antibodies against glycophorin hybrids are 
immunogenic and have been associated with hemolytic 

disease of the fetus and newborn (HDFN) as well as 
hemolytic transfusion reactions (HTR). A total of 35 
cases of HDFN and HTR linked to these antibodies 
have been reported. Among these, 27 cases (77%) were 
classified as HDFN, while 8 cases (23%) were HTR, 
with the majority (13/35; 37%) occurring in Asia6. Of 
the 27 HDFN cases, 12 (44%) were of moderate to high 
severity, necessitating multiple exchange transfusions, 
and one case was fatal. The antibodies identified were 
predominantly IgG, with titers ranging from 32 to 
1024, indicating that strongly reactive IgG antibodies 
are a significant cause of HDFN6. A recent case of 
alloimmunization due to maternal anti-Mia antibody 
resulting in severe HDFN was reported in Korea in 
2013, where massive fetomaternal hemorrhage led to 
severe anemia in the newborn, unresponsive to repeated 
transfusions, and resulting in hypoxic brain injury35.
Additionally, a case of anti-Mur causing hydrops fetalis 
during a first pregnancy at 28 weeks of gestation was 
documented in Taiwan in 2002, where both the fetus 
and father had the GP. Mur phenotype, while the mother 
had anti-Mur antibodies23. Another case involving 
anti-Vw was reported in 2009 from Switzerland, 
where the prevalence of anti-Vw was notably high at 
1.43%. This case illustrated severe HDFN in a neonate, 
requiring multiple transfusions and phototherapy due to 
hyporegenerative anemia induced by the antibody, which 
resulted in prolonged suppression of erythropoiesis. 
Indirect antiglobulin tests on maternal serum were 
strongly positive with the father’s RBCs, confirming 
the presence of anti-Vw in the mother’s serum, while 
the father tested positive for the Vw antigen36. 
While anti-Mia of the IgM type is typically naturally 
occurring and usually clinically insignificant37, there 
has been a reported case of an IgM antibody reacting 
at 37°C that led to HTR12. For example, in Taiwan, a 
patient with anti-Mia developed intravascular hemolysis 
following a transfusion of GP. Mur positive blood38. To 
date, no published cases of HTR or HDFN have been 
reported in Malaysia or at our medical center. This may 
be attributed to the practice of providing Mia antigen-
negative and crossmatch-compatible blood when a 
patient is found to have anti-Mia antibodies. In blood 
banks in Malaysia that do not have anti-Mia antibody 
reagents for phenotyping, the standard practice is 
to issue crossmatch-compatible blood to patients 
with anti-Mia antibody39.  However, relying solely on 
crossmatching is not 100% effective in preventing HTR 
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or HDFN, as crossmatch-compatible blood may still 
contain the Mia antigen40. A study from Taiwan found 
that supplying GP. Mur antigen-negative blood reduced 
the rate of transfusion reactions in patients with anti-
Mia antibody40.

The serological method for Mia phenotyping that 
uses human polyclonal anti-Mia antibodies may yield 
false-negative results, leading to the transfusion of 
genotypically GP. Mur positive but serologically 
negative RBCs to patients with anti-Mia antibody19 
A comparative study conducted in Canada examined 
human polyclonal anti-Mia versus murine monoclonal 
anti-Mia (Novaclone; Immucor), finding that a sample 
with the GP. Vw phenotype tested negative with the 
human polyclonal anti-Mia but positive with the murine 
monoclonal anti-Mia 41. Research by Fraser et. al, (2018)42 
demonstrated that the anti-Mia murine monoclonal 
antibody GAMA210 (Novaclone; Immucor) strongly 
reacted (3+-4+) with GP. Vw, GP. Hut, GP. Mur, GP. 
Hop, and GP. Bun RBCs, but was negative with GP. Hil 
RBCs. The monoclonal antibody GAMA210 accurately 
identified one Mia+ donor from 101 blood samples. In 
our study, the application of the anti-Mia monoclonal 
antibody revealed that 2.6% of patients were Mia+. 

Currently, the standard practice in Malaysia includes 
Mia+ cells in antibody screening; however, Mia+ cells 
are often not available for antibody identification. It is 
recommended that at least three Mia+ cells and three 
Mia- cells be included to satisfy the rule of three in 
antibody identification, and the patient’s RBCs should 
be typed as negative with the anti-Mia antibody. A 
limitation of this study is that ethnic groups from East 
Malaysia, specifically Sabah and Sarawak, were not 
included.	

CONCLUSION
Our study indicates that the prevalence of the Mia antigen 
of 2.6%, is not considered as rare phenotype and can be 
regarded as a significant antigen. It is highest among the 
Chinese population in Malaysia, followed by Malays 
and Indians. Additionally, the prevalence of anti-Mia 
antibodies in Malaysia is higher than that reported in 
other countries. This finding highlights the need for 
measures to ensure the availability of Mia-negative 
crossmatched compatible blood for patients with anti-
Mia antibodies, especially given the significant cases of 
HTR and HDFN associated with this antibody. It is also 
recommended that antibody screening be conducted 
for pregnant women during their antenatal bookings to 
identify anti-Mia antibodies early.
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