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A Study on The Prevalence of ABO Blood Groups in  
Malaria Infection

Introduction
The ABO system of blood grouping was first discovered 
and described by Karl Landsteiner in 1900.[1] He identified 
three blood groups A, B and O. The AB blood group was 
discovered later, by Decastello and Sturli.[1] In the decades 
since these discoveries, many studies have been conducted 
and many research papers written on the possible 
function(s) of the antigens responsible for ABO blood 
grouping. Some argue that these antigens play important 
roles in the modulation of protein activity, infection and 
cancer.[1] Many infections such as Helicobacter pylori, 
Neisseria, the smallpox virus, Pasturella pestis etc. have 
been associated with specific blood group antigens or 
individuals who are non-secretors.[1]

Malaria is one of the oldest killers of man and is caused 
by an intracellular parasite which is spread by the female 
Anopheles mosquito. The parasite belongs to the genus 
Plasmodium which encompasses more than 200 species 
which infect mammals, birds, and reptiles.[2] Of these, 4 
species regularly infect humans. These are Plasmodium 
vivax, Plasmodium falciparum, Plasmodium malariae 
and Plasmodium ovale. Recent studies have suggested 
that Plasmodium ovale malaria in humans is actually 

caused by two distinct subspecies viz. Plasmodium ovale 
curtisi named after researcher Christopher F. Curtis and 
Plasmodium ovale wallikeri named after researcher David 
Walliker.[3] Another species, Plasmodium knowlesi which 
primarily affects lower primates but has been known to 
affect man.[4]

In malaria, rosetting is the adherence of Plasmodium 
infected RBCs to uninfected RBCs. This has been explained 
by two theories. One states that the phenomenon assists 
in the propagation of the parasite amongst the RBCs. The 
other theory states that uninfected cells rosette around an 
infected RBC and shield it from the host’s immune system. 

Either way, rosette formation is postulated to provide a 
survival advantage to the parasite.[5]

ABO blood group antigens have been linked to the 
formation of rosettes in malarial infection.[6,7] It has even 
been theorized that the distribution of ABO blood groups 
in the human population is partly due to the selective 
genetic pressure exerted by Plasmodium falciparum during 
the course of human evolution. This theory states that the 
blood group distribution may have been skewed towards 
the blood groups that would offer a lesser advantage to the 
parasite.[8]
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In this study, we aim to analyse the distribution of blood 
groups in malaria positive patients in and around the city 
of Mangalore.

Materials and Methods
This was a prospective study conducted at a tertiary care 
centre in Mangalore for a period of one year from January 
2015 to December 2015. The study population comprised 
of all patients who were diagnosed as being malaria positive 
via malarial parasite fluorescence test – MPFT (QBC – 
Quantitative Buffy Coat, Becton-Dickinson). These cases 
were then confirmed by examining 80-100 fields of a thin 
smear, stained using Leishman’s stain, under a 100x oil 
immersion lens. In the QBC test, approximately 55-65 µL 
of EDTA anticoagulated blood was collected in the QBC 
capillary blood tube which was pre-coated with acridine 
orange. The tube is then closed with a plastic cap on one 
end and inserting a plastic float into the other. The tube 
was then centrifuged in the microhematocrit centrifuge at 
12000 rpm for 5 minutes. The centrifuged QBC capillary 
blood tub is then mounted into a Paraviewer tube holder 
and examined under a UV light source using a 60x oil 
immersion lens. Parasite density of the blood sample was 
quantified using a “plus” system.

+ 	 (1+) 	 = 1 parasite per QBC field
++ 	 (2+) 	 = 1-10 parasites per QBC field
+++ 	 (3+) 	 = 11-100 parasites per QBC field
++++ 	 (4+) 	 = >100 parasites per QBC field

For all patients who were diagnosed as malaria positive, 
blood grouping was performed using ERYSCREEN© 
reagent combipack (Tulip Diagnostics Pvt. Ltd.). Complete 
blood counts were performed using an automated 
hematology analyser (SYSMEX XS-1000i). Peripheral 
smear examination was performed on Leishman stained 
smears. 

The collected data was entered in Microsoft Excel 2013, 
exported to and then analyzed using SPSS version 23 
(IBM SPSS Statistics, Chicago, IL). Continuous data 
was expressed as mean or as median. A confidence 
interval of 95% was employed if the distribution was not 
normal. Statistical evaluation was performed using Chi-
square test.

Results
The study population was composed of 278 malaria positive 
patients. Of these 278 patients, the predominant species 
was Plasmodium vivax. The vast majority of patients were 
male (83.5%). The youngest patient was 3 years old and the 
oldest was 81 years of age. The mean age was 30.50 years 
(standard deviation = 14.32) and median age was 27 years. 
The highest number of cases belonged to the 20-29 year 
age group. There was no statistically significant correlation 
between age and malarial species (Pearson chi-square value 
= 17.090, p = 0.251). The most common peripheral smear 
finding was thrombocytopenia which was seen in 92.1% of 
cases. A parasite density of +1 was seen in the most number 
of cases (49.3%). The ABO blood group seen to be most 
predominant amongst the malaria positive patients was 
found be “O” (38.1%) and the Rh group seen most was “Rh 
positive”. Thrombocytopenia, unlike hemoglobin values 
and total leukocyte count, was found to have a statistically 
significant correlation with malarial species – Plasmodium 
vivax having the lowest platelet values (p<0.001). We did 
not find any statistically significant correlation between 
parasite density and malarial species (Pearson chi-square 
value = 4.964, p = 0.548), nor did we find any correlation 
between ABO blood group and malarial species (Pearson 
chi-square value = 4.055, p = 0.669). The results of the 
study have been summarised in Tables 1 to 8.

Table 1: Sex distribution amongst the study population.
Sex Frequency Percent

Male 232 83.5
Female 46 16.5

Total 278 100

Table 2: Age wise distribution of the different malarial species encountered in the study population.

Age Groups
Species

Total
Vivax Falciparum Mixed

0 - 9 8 1 1 10
10 -19 45 0 2 47
20 - 29 105 0 6 111
30 - 39 38 1 2 41
40 - 49 27 0 2 29
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Age Groups
Species

Total
Vivax Falciparum Mixed

50 - 59 27 0 1 28
60 - 69 9 0 0 9
80 - 89 3 0 0 3
Total 262 (94.3%) 2 (0.7%) 14 (5%) 278 (100%)

Pearson chi-square value = 17.090, p = 0.251 (p value < 0.05 is significant)

Table 3: Frequency of the different categories of parasite density.
Parasite Density Frequency Percent

1+ 137 49.3
2+ 72 25.9
3+ 57 20.5
4+ 12 4.3

Total 278 100

Table 4: Difference in Hb, Total leukocyte count and platelet count amongst different species.
Hematological Parameter Species Mean ± SD p value

Hemoglobin (g/dL)

Vivax 12.74 ± 2.08
0.106Falciparum 10 ± 1.41

Mixed 12.09 ± 2.68

Total Count (x 103/µL)

Vivax 5.98 ± 2.54
0.06Falciparum 9.45 ± 3.46

Mixed 6.97 ± 3.17

Platelet (x 103/µL)

Vivax 93.01 ± 63.06
< 0.001Falciparum 274.5 ± 252.44

Mixed 116.93 ± 111.03
p value < 0.05 is significant

Table 5: Distribution of the different categories of parasite density amongst the different malarial species encountered in 
the study population.

Parasite Density
Species

Total
Vivax Falciparum Mixed

1+ 128 0 9 137
2+ 67 1 4 72
3+ 55 1 1 57
4+ 12 0 0 12

Total 262 2 14 278

Pearson chi-square value = 4.964, p = 0.548 (p value < 0.05 is significant)

Table 6: Frequency of the ABO & Rh blood groups in the study population
ABO Blood Groups Frequency Percent

ABO Blood Grouping 
System

A 73 26.26
AB 19 6.83
B 80 28.78
O 106 38.13

Total 278 100
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ABO Blood Groups Frequency Percent

Rh Blood Grouping System

Rh Groups Frequency Percent
Positive 256 92.1
Negative 22 7.9

Total 278 100

Table 7: Distribution of the different ABO blood groups amongst the different malarial species encountered in the study 
population.

ABO Blood Group
Species

Total
Vivax Falciparum Mixed

A 67 1 5 73
AB 17 0 2 19
B 78 0 2 80
O 100 1 5 106

Total 262 2 14 278

Pearson chi-square value = 4.055, p = 0.669 (p value < 0.05 is significant)

Table 8: Distribution of the different categories of parasite density amongst the different ABO blood groups in the study 
population.

Parasite Density
ABO Blood Group

Total
A AB B O

1+ 37 11 39 50 137
2+ 16 3 21 32 72
3+ 16 5 19 17 57
4+ 4 0 1 7 12

Total 73 19 80 106 278

Pearson chi-square value = 8.272, p = 0.507 (p value < 0.05 is significant)

Table 9: Comparison of our findings with previously conducted studies.

Study
ABO Blood Group

A B O AB

Al-Yaman et al (1995) [9] 33.20 15.02 38.34 13.44
Fischer et al (1998) [10] 21.27 21.06 54.40 3.27
Pathirana et al (2005) [11] 27.16 24.28 39.92 8.64
Rowe et al (2007) [12] 28.63 8.06 32.66 30.65
Tekeste et al (2010) [13] 31.90 18.10 38.10 11.90
Akanbi et al (2010) [14] 16.81 18.49 64.71 0.00
Panda et al (2011) [15] 19.26 40.51 32.58 7.65
Deepa et al. (2011) [16] 22.00 42.00 35.00 1.00
Tewodros et al. (2011) [17] 23.50 21.90 51.30 3.30
Gupte et al. (2012) [18] 24.60 35.50 30.00 8.90
FD Olajevwo et al. (2013) [19] 34.60 23.10 38.40 3.90
Gayatri et al. (2013) [20] 16.09 40.90 34.16 8.78
Singh et al. (2015) [21] 26.30 23.60 42.10 8.00
Tela et al. (2015) [22] 14.15 21.70 53.57 10.38
Bamou et al. (2016) [23] 22.22 22.22 55.56 0.00
Our study 26.26 28.78 38.13 6.83
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Discussion
Malaria is a serious public health issue in India and also in 
many other parts of the world. It is therefore important to 
identify any and all risk factors which may predispose an 
individual to infection. This becomes especially important 
in endemic areas such as Mangalore where our study was 
conducted. As mentioned in the results, the predominant 
blood group amongst the malaria infected individuals 
was “O” followed by “B”, “A” and “AB” in that order. 
When comparing our findings with previously done studies 
(Table 11), we found that this was in concordance with 11 
studies where O was the most affected blood group and 
in discordance with 4 other studies that had B as the most 
affected blood group, which in our case was the 2nd most 
affected.[9-23]

The distribution of blood groups in malaria infected 
patients, as obtained in our study, is actually in concordance 
with the normal ABO blood group distribution amongst the 
normal Indian population. According to a multicentric study 
conducted by Agarwal et al (2014), the most predominant 
blood group in India, overall, is “O” followed by “B”, “A” 
and then “AB”.[24] The region wise data for South India 
shows a similar distribution as the all-India figures.[24] A 
study similar to that of Agarwal et al conducted by Rao 
et al in 2014, but which was limited to Mangalore city in 
its geographical scope, also showed an ABO blood group 
distribution with the same order and frequency.[25] 

Given the long history of malaria in India in general and 
Mangalore in particular, the results of our study seem to 
support the hypothesis that malaria confers an evolutionary 
advantage on O blood group individuals compared with A, 
B or AB in malaria endemic areas.[8] The exact mechanism 
behind the relative protection offered by “O” blood 
group as opposed to “A” blood group is not yet properly 
understood. Many different studies have come up with 
varying hypotheses as to why this may be. Some of these 
include rosette formation, which has been observed more 
in “A” blood group individuals infected with malaria as 
compared with those with “O” blood group.[26-34] This 
higher chance of rosette formation by “A” blood group 
RBCs have been attributed to many factors which act 
concurrently. These include the presence of intracellular 
adhesion molecule1, complement receptor 1, high levels 
of von Willebrand factor, CD36 and heparin sulfate like 
glycosaminoglycan.[17,26,27,29,30,32] Blood group “O” cells lack 
most of the above-mentioned molecules, which reduces the 
frequency and stability of rosette formation.[33,35] However, 
most of the above-mentioned pathology is encountered in 

Plasmodium falciparum infections. Studies on the relation 
between Plasmodium vivax and ABO blood groups are few 
as many studies concentrate on the relationship between 
Duffy blood groups and Plasmodium vivax.[36-39] 

Our study is limited by the fact that the vast majority of 
cases we encountered were infected by Plasmodium vivax. 
No other species were represented in a number significant 
enough to draw any conclusions. This is due to the 
selective geographical distribution of Plasmodium species 
in India. We also could not include more factors such as 
other blood grouping systems (Duffy, Knops etc) HbS, 
HbC, iron status etc. in our study as well clinical features 
(eg. severe malaria, malaria with complications). Had we 
been able to do so, more data could have been generated. 
Further studies with a wider scope are required to more 
clearly establish the role of ABO blood groups in malaria, 
especially Plasmodium vivax malaria, in areas such as 
Mangalore where this species predominates.

Conclusions
In our study, malaria is found to be more prevalent in males, 
the most common species is P.vivax and most common 
age group is 20-29yrs. The most common haematological 
abnormality seen was thrombocytopenia and overall, 
malaria is seen to occur most in the O positive blood group 
which is in concordance with most other studies.

Abbreviations and Symbols
CD – Cluster of Differentiation
Hb – Hemoglobin
MP – Malarial Parasite
MPFT – Malarial Parasite Fluorescence Test
P.Falciparum – Plasmodium Falciparum
P.Vivax – Plasmodium Vivax
QBC – Quantitative Buffy Coat
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