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ABSTRACT 
Malaria remains a leading cause of morbidity and mortality worldwide, despite prevention and control efforts. 
Studies on the association of blood groups with malaria are less informative and further age and sex with malaria are 
very limited. Hence to study the susceptibility of the human population to malaria concerning their blood groups, age 
and sex. Human individuals both admitted and outpatients were divided into ‘7’ groups according to their age (between 
1 to 70 years) & sex. Alongside the serum samples were collected. Hospital-based case-control study has been done to 
determine the susceptibility of human individuals to malaria concerning their blood groups, age and sex. DMR test, 
where Values are means (n=6) which do not share common superscript differ significantly at p<0.05. This study finds 
that the occurrence of malaria is more in human individuals with blood group B+, followed by A, O, AB and age groups 
between 1-10 years and 51-70 years of males and females where males are more susceptible to malaria than females.  
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INTRODUCTION 
Malaria is one of the most prevalent human infections worldwide. In India malaria continues to pose 
major public health particularly Plasmodium falciparum. However, all age groups may be at risk of severe 
disease during malaria epidemics, which occur either when changes in the physical environment (caused 
by climatic variation, agricultural projects or mining) increase the capacity of mosquitoes to transmit the 
disease or when population displacements (natural disasters, war) expose non-immune populations to 
infection[1]. 
In Mexico, Central and South America, the Mediterranean, Asia and Oceania, both P. falciparum and P. 
vivax are endemic. Disease caused by P. ovale and P. malariae is relatively rare. Our understanding of the 
transmission and pathogenesis of this disease has evolved considerably from the 18th-century belief that 
malaria was miasmatic in origin (mal, bad; aria, air)[2]. Accurate interpretation of malaria smears 
remains problematic in many established clinical laboratories. Important shortcomings of rapid antigen 
detection tests (RDTs) include their inability to quantitate parasitemia and suboptimal test performance 
with low-level parasitemia [3] and that of Polymerase chain reaction (PCR) test though the sensitive and 
highly specific test in detecting extremely low numbers of parasites is expensive[4].  
 A relationship between blood groups and disease was first hypothesized by Kaipainen and Vuorinen[5] 
in 1960 and the gene involved in different blood groups were discovered in 1990[6]. Ageing is 
accompanied by a decline in immune system function and immune alteration which increases 
susceptibility to infections[7]. Hence we thought that there could be a significant relationship between A, 
B, AB, O, Rh blood groups, age and sex of humans and occurrence of malaria, its severity and studied them 
in both the admitted & outpatients.  
 
MATERIAL AND METHODS 
This study was done for 18 months i.e. from July 2018 to December 2019. Human individuals both 
admitted and outpatients were divided into ‘7’ groups according to their age (between 1 to 70 years) & 
sex. Alongside the serum samples were collected. Diagnosis for malaria was done by staining the blood 
smear[8]. Blood groups were determined by standard haemagglutination assays[9] and these procedures 
were followed in accordance with ethical standards as per the guidelines laid down by the central ethical 
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committee of the Indian Council of Medical Research. This study and the collection of data were carried 
out with the approval of the institutional review board.  
Statistical analysis of the data was analyzed by ‘DMR test’ and observed that the individuals of different 
age groups from 1 to 70 years distinguishing males and females along with their blood groups suffering 
from malaria, where p<0.05 considered as significant. Individuals not being diagnosed with malaria are 
treated as controls in the respective sample size and total sample size too.  
 
RESULTS 
The collected data of the present study indicate that the occurrence of malaria is more in the individuals 
of the B+ blood group (in more than 50% of the tested individuals) followed by A+ both in male and female 
patients (Tables – 1 & 2). The order of occurrence of malaria based on blood groups is B+ > A+ > O+ > AB+ > 
A- > AB- > O- > B-. Regarding age groups, the three age groups i.e. 1-10 years and the other two between 
51-70 years in both the males and females are more susceptible to malaria than the other age groups 
indicating p<0.05 is significant.  
The other interesting aspect is based on the sex of the individuals that we observed males are more prone 
to malaria when compared to females (Table – 3) and it reflects in the affected %. As the B+ blood group is 
present in the majority of the individuals as is being observed even, it is more prone to malaria than by A+ 
blood group with the same features. A- / AB / O- blood groups being rare the same phenomenon with 
respect to the occurrence of malaria also.  
 

Table – 1: Occurrence of malaria – blood groups, age groups, sex. 
Blood 
group 

Males   Females 
Age group [in years]   Age group [in years] 

1-
10 

11-
20 

21-
30 

31-
40 

41-
50 

51-
60 

61-
70 

  1-
10 

11-
20 

21-
30 

31-
40 

41-
50 

51-
60 

61-
70 

O+ 8 2 2 1 2 4 2   6 2 2 1 3 2 2 
O- 0 0 0 0 1 0 0   0 0 0 0 0 0 0 
B+ 12 4 6 6 8 12 7   10 3 5 4 6 10 6 
B- 1 0 0 0 0 0 0   0 0 0 0 0 0 0 
A+ 8 2 0 2 4 8 6   3 1 0 1 3 6 8 
A- 1 0 0 0 0 0 2   0 0 0 0 0 0 0 

AB+ 2 1 0 0 0 0 1   5 1 0 1 1 0 1 
AB- 0 0 0 0 0 1 0   0 0 0 0 0 2 0 

Total 32 9 8 9 15 25 18   24 7 7 7 13 20 17 
Sample size ‘N’ = 50, for each age group of males and females; 
 

Table – 2: Malaria in different age groups. 
Sex Age group [in years] Total 

 1-10 11-20 21-30 31-40 41-50 51-60 61-70 
Males 32g 9b 8a 9bc 15d 25f 18e 116 [350]      

Affected % 30 8 7 8 14 23 17 33.14 
Females 24g 7a 7ab 7abc 13d 20f 17e 95 [350] 

Affected % 25 7 7 7 14 21 18 27.14 
The number in the parentheses is the total no. of individuals tested; Sample size ‘N’ = 50, for each age group of males 
and females; Controls are the unaffected individuals from respective sample size;  Values are means [n=6] that do not 
share common superscript differ significantly at p<0.05. 
 

Table – 3: Malaria in different blood groups and sex. 
Blood group Males Affected % Females Affected % 

O+ 21f 18.10 18c 18.94 
O- 1abc 0.86 0 0.00 
B+ 55h 47.41 44e 46.31 
B- 1ab 0.86 0 0.00 
A+ 30g 25.86 22d 23.15 
A- 3d 2.58 0 0.00 

AB+ 4e 3.44 9b 9.47 
AB- 1a 0.86 2a 2.10 

Total 116    [350]  95        [350]  
The number in the parentheses is the total no. of individuals tested; Controls are the unaffected individuals from 
respective sample size; Values are means [n=6] that do not share common superscript differ significantly at p<0.05. 
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DISCUSSION 
The important role that host genetics plays in determining the susceptibility to infectious pathogens in 
humans has been less known. The ABO blood group system is part of the innate immune system and it 
has been shown that the individuals with different ABO blood groups differ in their susceptibility or 
resistance to viral and bacterial infections and diseases[6]. 
The O gene is amorphic and does not transform the H substance; therefore O is not antigenic. The A, B and 
H antigens are present on most body cells[10]. The differences in susceptibility and severity of P. falciparum 
malaria infection among the “ABO” blood groups have been attributed to rosetting of parasitized 
erythrocytes and cytoadherence, perhaps more in the B+/A+ blood groups as is observed in the study[11]. 
The pathogenesis of malaria is best understood for P. falciparum infection. Several factors contribute to 
the severity of the clinical disease. High parasite burdens combined with the unique ability of infected 
erythrocytes to adhere to host endothelium contributes to microvascular occlusion, metabolic 
derangement and acidosis, which lead to the manifestations of severe malaria (acute respiratory distress 
syndrome, renal insufficiency and cerebral malaria) [12]. Manifestations of the disease may also be related 
to intravascular hemolysis and parasite consumption of glucose. Host factors such as sickle cell disease 
and glucose-6-phosphate dehydrogenase deficiency can modify the severity of the disease[13]. 
The dynamics of age shifts also depend on the slow build-up of natural immunity under 
parasitological challenges[13]. An important feature of this is an increase in the force of infection 
with age for the first few years of life as is evident from the present study i.e. age group 1-10 years. One 
of the most serious complications is cerebral malaria, manifested by an altered level of consciousness, 
focal neurologic findings and seizures. Mortality is high (15% to 25%) and survivors may have residual 
neurologic deficits[14,15].  But same dynamics of age shifts are also observed in the age group 51-70 years 
for the reasons better understood in terms of immunity. 
Available evidence supports the suggestions that males are more vulnerable to malaria infection than 
females in most endemic areas. Although semi-immune people and those living in endemic regions tend 
not to experience severe malaria, they may still experience complications from recurrent infections[16]. 
Limited financial resources pose considerable barriers to malaria prevention and control efforts in 
endemic areas. Vector control has met with limited success. Insecticide-treated bed nets (ITNs) offer 
effective protection against malaria[17].  
Molecular manipulation of mosquito genomes to create mosquitoes that are incapable of becoming 
infected by and transmitting malaria (transgenic mosquitoes) is an interesting avenue for the prevention 
of malaria but has not yet been realized. 
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