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Importance of Identification of Blood Group Sub-Types  
A1, A2, A1B and A2B For Blood Transfusion Safety

Introduction
During the year 1900, Karl Landsteiner at the University 
of Vienna, discovered that some blood transfusions were 
successful while others could be deadly. Landsteiner then 
discovered the ABO blood group system. He demonstrated 
that the serum of some people agglutinated the red cells 
of other. From these early experiments, he identified three 
types, called A, B and C (C was later to be re-named O for 
the German “Ohne”, meaning “without”, or “Zero”, “null” 
in English). The fourth less frequent blood group AB, was 
discovered a year later. In 1930, Landsteiner received the 
Nobel Prize in physiology and medicine for his work. [1]

Weak subgroups of A can be defined as those of group 
A subjects whose erythrocytes give weaker reactions or 
are non-reactive serologically with anti-A antisera than 
do those of subjects with A2 red blood cells.[2] A1 and A2 
are the major subgroups of blood group A and they differ 
from each other both qualitatively and quantitatively. A1 
red blood cells have about one million A antigen per cell. 
A2 red cells have only 250,000 A antigen per cells or one 
fourth the amount that A1 cells have.[3] 

Subgroups weaker than A2 are not frequent, and are 
characterized by a decreasing number of A antigen sites on 

the RBCs and a reciprocal increase in H antigen activity. 
Other subgroups of A include Aint, A3, Ax, Aend, Am, 
and Ael are met only rarely in transfusion practice, and the 
last four cannot reliably be identified on the basis of blood 
typing tests alone. [4]

Red cells from people with A1 and A2 subgroups both 
react strongly with monoclonal anti-A reagents in direct 
agglutination tests. The distinction between these two 
subgroups is, therefore, made depending on the cells’ 
reactivity with the lectin from Dolichos biflorus seeds. The 
D. biflorus lectin reacts specifically with cells of the A1 
subgroup, and will thus agglutinate A1 but not A2 red cells. 
Anti-A1 antibody appears as an atypical cold agglutinin 
in the sera of A2 or A2B individuals who lack the 
corresponding antigen. In the majority of cases, subgroups 
of A result from the expression of an alternate weak allele 
present at the ABO loci. [5]

Prevalence of A subgroups varies from place to place 
and with race. The observed frequencies of A1 and 
A2 subtypes are generally compatible with the Hardy-
Weinberg equilibrium for the Mendelian inheritance of the 
allelic A1 and A2 genes.[6] However, in some populations, 
such as blacks and the Japanese, the frequency of the 
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A2B phenotype is significantly higher than the expected 
frequency based on the frequency of the A2 phenotype. [7]

This antibody causes discrepancy between forward & 
reverse ABO testing and incompatibility when cross 
matched with A1 and A1B cells. 

Materials and Methods
This was a prospective study over a period of 8 months 
(October 2017-May 2018). Blood samples from 720 
patients were typed in our blood bank . Blood grouping 
was done using the test tube technique. Forward or cell 
grouping was done using monoclonal antisera anti-A, 
anti-B, anti-AB and anti-D and in-house prepared pooled A 
cells, B cells and O cells. All the laboratory techniques were 
carried out according to the manufacturers’ instructions. 
Blood groups were interpreted based on the agglutination 
pattern with forward and reverse grouping. In the presence 
of A or B antigens agglutination was observed with the 
corresponding antisera. The presence of circulating anti-A 
or anti-B antibodies was detected by reverse typing using 
pooled cells. Samples of group A and AB were further 
tested with anti-A1 lectin to classify them into A1, A2 and 

weak A subgroups. Whenever the agglutination was 4+ 
with anti-A antisera but negative with anti-A1 lectin, the 
sample was considered as A2 subgroup. A weak reaction 
with anti-A antisera on cell grouping along with a negative 
result with lectin was taken to signify a weak subgroup of 
A.[8] A or AB group samples which showed agglutination 
with pooled A cells were tested with A1 cells to confirm 
the presence of anti-A1 antibodies. Data were analyzed. 
Descriptive statistics were used to estimate frequencies. 
The significance of differences in proportions was analyzed 
using the chi-square test. The study was conducted in 
compliance with the guidelines of the ethics committee of 
the institute.

Result
Out of 720 blood donors 230 donors who had either A 
or AB blood group were taken for this study. 166 blood 
donors had A blood group and 64 had AB blood group. Out 
of 166 ‘A’ blood group donor, 151(91%) had A1 subgroup 
while rest 15(09%) had A2 subgroup. Out of 64 AB blood 
group, 54 (84.37%) had A1B subgroup and 10 (15.63%) 
had A2B subgroup (Table No. 1)

Table No. 1: Number and percentage of A and AB Subgroup in present Study.

Blood Group Sub group Number Percentage

A A1 151 91.0%

A2 15 9.0%

AB A1B 54 84.37%

A2B 10 15.63%

Table No. 2: Percentage of A and AB Subgroup in Different Part of India.

City A1 A2 A1B A2B

Hubli, Karnataka [11] 98.9 1.1 89.7 10.3

Cuttack,Orissa [12] 94.2 5.8 68.5 31.5

Gwalior,MP[13] 92.0 8.0 91.4 8.6

Bhopal,MP( Present 
Study)

91.0 9.0 84.37 15.63

Table No. 3: Number and Percentage of A and AB Subgroup in Various Countries.

Country (Sample Size) A1 A2 A1B A2B

Sudan(100) [14] 71 (93.42) 5 (6.58) 22 (91.67) 2 (8.33)

Japan (4540)[6] 3558 (99.83) 6 (0.17) 965 (98.86) 11 (1.14)

India ( Present Study) 151 (91.0) 15 (9.0) 54 (84.37) 10 (15.63)
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Discussion
The blood group A can be sub-classified as A1, A2 and 
weak A subgroups (Ax, A3, Aend, etc.) based on red 
cell agglutinability and various serological reactions.[8] 

As shown in the Table 1, the prevalence of A2 and A2B 
groups in our study was 9.0% and 15.63%, respectively. 
Distribution of A & AB subgroups varies greatly among 
different population. Approximately 80% of Blood Group 
A or AB are classified as A1 or A1B the remaining 20% are 
either A2 or A2B. [9] In 1911, Von Dungern described two 
different A antigens based on reaction between A antigen 
on RBC, anti-A and anti-A1. [10] Classification into A1 and 
A2 phenotypes account for 99% of all group A individuals. 
In our study 230 blood samples were taken having blood 
group A and AB and have been tested for their subgroups 
i.e. A1, A2, A1B, and A2B. It was found that from total of 
166 A group, 151 (91.0%) were A1, 15 (9.0%) were A2, 
and from 64 AB blood group, 54 (84.37%) were A1B and 
10 (15.63%) were A2B. 

The study done in Southern India shows 98.9% of A1 and 
1.1% of A2 while among AB, it is 89.7% A1B and 10.3% 
A2B. Other studies done in India also shows, More than 
90% of A1 but among AB it ranged from 68.5% to 91.4% 
of A1B and 31.5% to 8.6% of A2B. (Table No. 2) 

In the studies done at International level in Sudan out of 76 
cases of A, A1 was present in 93.42%, A2 in 6.58% cases. 
Out of 24 cases of AB, A1B was present in 91.67% and 
A2B was present in 8.33%. [14] In Japan (Hiroshima) Out of 
3564 cases of A, A1 was present in 99.83%, A2 in 0.17% 
cases. Out of 976 cases of AB, A1B was present in 98.86% 
and A2B was present in 1.14%. [6] (Table No.3) Our study is 
similar to those in Blacks and Japanese, who showed more 
prevalence of A2B than A2 subgroup.[6, 7]

The presence of strong B gene would suppress A1 antigen 
activity explaining to the high frequency of A2B in Black 
populations.[15] A2 and A2B are rare subgroups. But still 
they are important because anti-A1 antibodies occur in sera 
of A2 groups and more common in A2B subgroups [16] and 
can be encountered during clinical practice [17] causing diffi
culties in blood typing [18], hemolytic transfusion reaction 
[19] and complicate organs transplantation. [20]

Conclusion
By knowing prevalence of these subgroups in blood bank 
at tertiary care hospital, dangerous transfusion reactions 
occurring due to minor incompatibilities can be avoided. 
Though a molecular characterization of the subtypes would 
have been useful in this regard, so there is requirement 
of further studies with large sample number along with 
molecular categorization for safe and proper blood 

transfusion services which will lead to greater benefit of 
patients.
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