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ABSTRACT  

Background: In the ABO blood group system, A1 and A2 are subgroups of A, 

while A1B and A2B are subgroups of AB. Some individuals with A2 and A2B 

phenotypes may develop anti-A1 antibodies, which may have clinical relevance 

in transfusion settings. Aim: To determine the frequency of A and AB 

subgroups and the prevalence of anti-A1 antibodies in A2 and A2B individuals 

among blood donors and recipients. Materials and Method: Blood samples 

from donors and recipients were typed for ABO (cell and serum grouping) and 

Rh D over one year (May 2024–April 2025). Individuals with A and AB groups 

were further subtyped using anti-A1 lectin into A1, A2, A1B, and A2B. A2 and 

A2B subgroups were screened for anti-A1 antibodies in serum. Thermal 

reactivity was assessed using A1 red cells at 4°C, 22°C, and 37°C. Results: Out 

of 25,512 samples, 5,310 (20.81%) were group A and 1,915 (7.51%) were group 

AB. In group A, 4,268 (80.37%) were A1 and 1,042 (19.63%) were A2. In group 

AB, 1,538 (80.31%) were A1B and 377 (19.69%) were A2B. Among A2 

individuals, 43 (4.12%) were anti-A1 positive, while in A2B, 21 (5.57%) were 

anti-A1 positive. Most reactions occurred at 4°C and 22°C; however, 4 (9.3%) 

A2 and 2 (9.52%) A2B samples showed reactivity at 37°C, suggesting potential 

clinical significance. Conclusion: Anti-A1 antibodies are present in a small 

proportion of A2 and A2B individuals and may lead to discrepancies in reverse 

grouping. Although antibodies reactive at 37°C were rare, their presence 

suggests potential clinical significance. Routine screening may not be necessary 

in all cases; however, subgrouping and anti-A1 testing should be considered in 

cases of ABO discrepancy or suspected transfusion incompatibility to ensure 

safe transfusion practices. 

 
 

 

INTRODUCTION 
 

The International Society for Blood Transfusion 

(ISBT) recognises a total of 346 blood group 

antigens, categorised into 36 blood group systems.48 

of these antigens have yet to be assigned to any blood 

group system.[1] ABO blood group antigens are 

present not only on red blood cells but also on 

platelets, lymphocytes, and cells in various tissues 

like the vascular endothelium, intestine, cervix, 

urethra, and mammary glands.[2] 

The ABO blood group system, one of the most 

significant and well-known human blood group 

systems, is crucial in transfusion medicine, organ 

transplantation, and immunology. It is based on the 

presence or absence of two main antigens, A and B, 

found on the surface of red blood cells. These 

antigens determine an individual's blood group, 

which can be classified into four main types: A, B, 

AB, and O.[1,2] Within the ABO system, A2 and A2B 

are less common subtypes of A and AB blood groups, 

respectively. These subtypes have specific genetic 

characteristics that distinguish them from the more 
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common A1 phenotype. The differences between the 

A1 and A2 phenotypes are quantitative (in terms of 

how much of the antigen is expressed) and qualitative 

(in terms of the chemical structure of the A 

antigen).[2-4]  

 Specifically, A1 individuals have more A antigen on 

their red blood cells, including specific antigenic 

determinants (Ac and Ad). A2 individuals lack Ac 

and Ad determinants and express only Aa and Ab. 

Because of this difference, A2 and A2B individuals 

may form anti-A1 antibodies that react against A1 

cells. This immune response may have clinical 

significance, particularly in blood transfusion 

settings, as anti-A1 antibodies can cause 

complications when A2 or A2B individuals are 

exposed to A1 red blood cells. Anti-A1 antibodies are 

typically cold-reacting agglutinins, reacting at 4°C 

and 22°C but usually not at 37°C, meaning they 

typically react at room and cold temperature (4 and 

22°C), but not at the body temperature of 37°C.[5,6] 

The reported prevalence of anti-A1 antibodies varies 

widely across studies, with a lower frequency in A2 

individuals and a comparatively higher frequency in 

A2B individuals.7 The presence of these antibodies 

is more common in A2B individuals (about 25%) 

compared to A2 individuals (about 0.4%). These 

antibodies can bind to A1 red blood cells, causing 

hemolysis. This can lead to hemolytic reactions 

during blood transfusions, especially if an A2 or A2B 

individual receives A1 red blood cells.[8] However, 

data on the prevalence and clinical significance of 

anti-A1 antibodies in A2 and A2B individuals in the 

Indian population remain limited. Therefore, the 

present study was undertaken to determine the 

frequency of A and AB subgroups and to assess the 

prevalence and clinical significance of anti-A1 

antibodies in A2 and A2B individuals in a tertiary 

care blood centre. 

 

MATERIALS AND METHODS 

 

This study was conducted in the department of 

pathology from May 2024 to May 2025 in a tertiary 

blood centre. Ethical permission was obtained from 

the institute’s ethical committee before the initiation 

of the study. Informed consent was obtained from all 

the donors and patients.  

Inclusion and Exclusion Criteria 

All donors and patients undergoing blood grouping at 

the blood centre during the study period were 

included. Donors deferred from blood donation, 

individuals with a history of previous transfusion 

reactions were excluded from the study. 

Methods 

A total of 25512 blood samples of both donors and 

patients were included in our study. ABO blood 

grouping was done using the test tube technique. 

Forward grouping was done using monoclonal 

antisera anti A, anti B, anti D and reverse grouping 

was done using in house prepared pooled RBC A 

cells, B cells, and O cells. Blood samples of groups 

A and AB were further tested with anti A1 lectin to 

classify them into A1, A2 and A1B, A2B subgroups, 

Further, the plasma of A2 and A2 B subgroups was 

tested with A1 red cells to confirm the presence of 

anti A1 antibodies. The thermal amplitude of anti A1 

antibodies was determined by keeping the test tubes 

at 4°C, 22°C, and 37°C.9 The methodology of sample 

testing is shown in Figure 1. 

Statistical Analysis: Categorical variables such as 

blood group distribution, subgroup frequency, and 

prevalence of anti-A1 antibodies were expressed as 

frequencies and percentages. The prevalence of anti-

A1 antibodies in A2 and A2B subgroups was 

calculated with respect to their total subgroup 

population. Thermal reactivity patterns were also 

expressed as proportions. No inferential statistical 

tests were applied. 

 

 
Figure 1: Determination of Anti-A1 Antibodies in A2 

and A2B Subgroups 

 

RESULTS 

 

A total of 25512 blood samples of both patients and 

donors were analysed to know the frequency of 

different types of blood groups as mentioned in Table 

1. Out of those, the blood group A were 5310 

(20.81%), and AB were 1915 (7.51%). Among blood 

group A, 4268 (80.37%) were A1 and 1042 (19.63%) 

were A2. Among blood group AB, 1538 (80.31%) 

were A1B and 377 (19.69%) were A2B in Table 2, 

Figure 2, 3. Among A2 blood group subtypes, 43 

(4.12%) were Anti A1 positive, 999 (95.87%) were 

Anti A1 negative and among A2B blood group, 

21(5.57%) were Anti A1 positive and 356 (94.43%) 

were Anti A1 negative as mentioned in Table 3, 

Figure 4, 5. Among anti-A1 positive individuals, 

9.3% (4/43) of A2 and 9.52% (2/21) of A2B samples 

showed reactivity at 37°C, suggesting potential 

clinical significance. When calculated over the total 
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subgroup population, this corresponds to 0.38% 

(4/1042) and 0.53% (2/377), respectively, which is 

illustrated in Table 4, Figure 6, 7.

Table 1: Frequency of different types of blood group individuals 

Blood group Rh positive Rh negative Total Percentage (%) 

A 5213 97 5310 20.81 

B 7449 124 7573 29.68 

AB 1872 43 1915 7.51 

O 10539 175 10714 42.00 

Total 25073 439 25512 100 
 

Table 2: Frequency of A subgroup types 

Blood Group Subgroup Total (N) Frequency (%) 

A 
A1 4268 80.37 

A2 1042 19.63 

AB 
A1B 1538 80.31 

A2B 377 19.69 

 

 
Figure 2: ABO and Rh group of A2 (Shown in left) and 

A2B (Shown in right) blood group by Tube method, 

forward and reverse grouping 

 
Figure 3: Pie chart shows the frequency of A and AB 

subgroups ( A1, A2 as shown in left and A1B, A2B as 

shown in right )
 

Table 3: Prevalence of anti-A1 antibodies in A2, A2B blood group 

Blood group (N) ANTI A1 Ab positive (N) Frequency (%) 

A2 (1042) 43 4.12% 

A2B (377) 21 5.57% 

 

 
Figure 4: Results showing A2 positive (Shown in left) 

and A2B positive (Shown in right) with anti-A1 

antibodies 

 
Figure 5: Pie chart shows the frequency of Anti A1 

antibodies in A2 and A2B blood group 

 

Table 4: Thermal reactivity pattern of anti-A1 antibodies among antibody-positive A2 and A2B individuals 

Blood group 

(N) 

Anti A1 antibodies which react at 4°C, 

22°C only 
Prevalence 

Reaction at 37°C as 

well 
Prevalence 

A2 (1042) 39 90.7% 4 9.3% 

A2B (377) 19 90.48% 2 9.52 % 
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Figure 6: Thermal reactivity of A2B blood group with 

Anti A1 antibodies; Left side (Reaction at only 4°C, 

22°C), Right side (Reaction at 4°C, 22°C and 37°C) 

 
Figure 7: Pie chart shows the Prevalence of Thermal 

reactivity of A2 ( Left side ) and A2B ( Right side) blood 

group with anti-A1 antibodies at 4°C, 22oC and 37 °C 

DISCUSSION 
 

The A and AB blood groups are divided into 

subgroups such as A1 and A2. These subgroups show 

differential reactivity with monoclonal anti-A 

reagents. To differentiate between these subgroups, 

an anti-A1 lectin reagent obtained from Dolichos 

biflorus seeds is used. The proportion of A2 among 

A group individuals in this study was 19.63%. This 

variation may be due to differences in the study 

population and inclusion criteria.[9]  

In the present study, A2 constituted 19.63% of group 

A individuals, and A2B constituted 19.69% of group 

AB individuals. Direct comparison with other studies 

is limited, as reported prevalence varies depending on 

whether calculations are based on the total population 

or specific blood group subsets. The prevalence of 

anti-A1 antibodies observed in this study (4.12% in 

A2 and 5.57% in A2B) differs from classical 

literature reports, which describe a lower frequency 

in A2 and a higher frequency in A2B 

individuals.[10,11] This variation may be attributed to 

differences in population characteristics, sample size, 

inclusion of both donors and patients, and 

methodological differences in antibody detection. In 

this study, 4.12% of A2 and 5.57% of A2B 

individuals showed the presence of anti-A1 

antibodies, respectively, which react at 4°C, 22°C 

and of these 4 (9.3%) and 2 (9.52%) samples show 

reactivity at 37 °C as well, respectively, which is 

clinically significant. However, clinically significant 

antibodies were rare when considered against the 

total population, indicating limited overall clinical 

impact. This study results slightly higher than the 

study by Shastry and Bhat et al., found anti A1 in 

1.8% of A2 and 3.75% of A2 B individuals, but none 

of them was clinically significant.[12] Variations 

across studies may be due to differences in sample 

size, population demographics, methodology, and 

geographic diversity. 

The relatively higher prevalence of anti-A1 

antibodies in A2B individuals has been attributed in 

previous studies to genetic factors such as the R101 

allele; however, no molecular analysis was 

performed in the present study. This allele is found in 

41% of A2B individuals, compared to just 1% in A2 

individuals.[13,14] A2 and A2B individuals sometimes 

show discrepancies in blood typing due to the 

presence of anti-A1 antibodies. These antibodies can 

cause mismatches or unusual reactions when 

transfused blood is tested.[15] Such discrepancies 

were observed in both A2 and A2B individuals in this 

study. The discrepancies caused by the presence of 

anti-A1 antibodies are usually seen during the reverse 

typing (which is the test where an individual's serum 

is mixed with known red blood cells). To differentiate 

from auto antibodies, check by using A2 pooled cells 

instead of A1 cells, as the anti-A1 antibodies 

specifically target A1 cells. Individuals with Anti-A1 

antibodies are typically cold agglutinins, meaning 

they react at lower temperatures. These antibodies 

cause clumping (agglutination) when mixed with A1 

red blood cells. Anti-A1 antibodies are generally not 

clinically significant when they react at 4°C, 22°C 

and are considered clinically significant when it 

reacts at 37°C.[16,17] The patients with clinically 

significant anti A1 antibodies should receive either 

A2 or O red cell units in case of A2 recipients, and 

A2 B recipients should receive AHG crossmatch 

compatible saline washed red cells of group A2 B or 

O.[15,18,19] This ensures that A2 blood components are 

safely transfused, providing good recovery and 

proper count increment in the recipient.[20] 

 

CONCLUSION 
 

Data on A2 and A2B subgroups and anti-A1 

antibodies in the Indian population are limited. This 

study shows that A2 and A2B constitute a notable 

proportion of A and AB blood groups, with anti-A1 

antibodies present in a small percentage of 

individuals. Although antibodies reactive at 37°C, 

indicating clinical significance, were rare, their 

presence cannot be overlooked. Routine screening 

may not be necessary in all cases; subgrouping of A 

and AB blood groups and testing for anti-A1 

antibodies should be considered in cases of ABO 

discrepancy, incompatible crossmatch, or suspected 

transfusion reactions to ensure safe transfusion 

practices. 
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