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blood banks.3 The ABO blood group system was the first 
human blood group system discovered by Landsteiner 
in 1900.4 The ABO blood group system is the only 
system in which antibodies are constantly present in 
the serum of  human beings whose red cells lack the 
antigens. Depending on whether Rh antigen is present 
on red cells or not, Rh phenotype is classified as Rh - D 
positive and Rh-D negative. Although all individuals 
share the same blood group system, they differ in the 
frequencies of  a specific type.5 ABO and Rhesus (Rh) 
groups varies markedly in different parts of  the world. 
Karl Landsteiner discovered the blood groups ABO and 
classified it into A, B, and O groups. Blood group AB 
was discovered by Landsteiner’s associate, Von Decastello 
and Sturli in 1902. The Rh (D) antigens have greater 
immunogenicity than all other red cell antigens except A 
and B antigens. Transfusion of  ABO-incompatible blood 
can be associated with acute intravascular hemolysis, 
renal failure and death. So in the blood bank, every blood 
donation is screened for ABO and Rhesus factor. This 

INTRODUCTION

The ABO blood groups and Rhesus (Rh) blood group 
antigens are the most frequently studied genetic markers. 
Although the antigens involved in ABO and Rh blood 
groups are stable throughout the life, ABO and Rh genes 
and phenotype vary widely across different races and 
geographical areas.1 The aim of  any blood transfusion to 
the patient is that it should be beneficial to the patient. 
This is possible when we provide the patient with donor 
red cells that optimally survive after transfusion and serve 
their function.2 The distribution of  ABO and Rh blood 
groups is important for the effective management of  
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Introduction: The distribution of ABO and Rhesus (Rh) - D blood groups varies from one population to another. The ABO and 
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genetic studies and certain medico-legal cases. We carried out this study with the aim of determining the distribution of ABO 
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Aim: This study was undertaken with the aim of determining the distribution of ABO and Rhesus blood groups among blood 
donors in a tertiary care hospital in Western India.

Materials and Methods: A retrospective study was performed over 5 years. The ABO blood grouping and Rhesus typing were 
done by tube method using venous blood samples.
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study was conducted with the aim of  determining the 
distribution of  ABO and Rhesus blood groups among 
blood donors.

MATERIALS AND METHODS

This was a retrospective study conducted over a period 
of  5 years. Venous blood was collected in EDTA and 
plain clean vacutainer tubes and allowed to clot naturally 
at room temperature. The ABO blood Grouping 
and Rhesus typing were determined by tube method. 
Forward grouping was carried out using monoclonal 
anti- sera; anti-A, anti-B, anti-AB, and anti-D (Eryclone, 
tulip diagnostics Ltd.). Results of  ABO grouping were 
confirmed by reverse grouping using known A and B red 
cells. Rhesus negativity was confirmed by repeat testing 
and by Du-gel cards (DiaMed - ID, Coombs Anti-IgG 
cards).

Each antiserum was validated before using it including titer 
and avidity of  each new lot. For reverse group testing, cells 
were pooled from three different known donor samples. 
These pooled cells were prepared daily using pretested 
known blood group samples.

Statistics
After data collection, data entry was done in Excel. Data 
analysis was performed with the help of  EpI Info version 8. 
Qualitative data have been presented with the help of  
frequency, and percentage table and association among 
various study parameters was assessed with Chi-square 
test. P < 0.05 was taken as significant.

RESULTS

We studied ABO and Rh blood groups in 76,653 donors 
composed of  91.79% male and 8.21% female donors 
as shown in Table 1. They were in the age group of  
18-60 years. The distribution of  ABO and Rh groups is 
shown in Table 2. Out of  76,653 donors, the most common 
blood group was “O” (32.38%), followed by “B” (31.40%), 
“A” (26.70%), and “AB” (9.51%) which was found to be 
statistically significant (P < 0.05%). Rh positivity was found 
in 72,526 (94.62%) donors while 4,127 (5.38%) donors 
were Rhesus negative.

DISCUSSION

Although ABO and Rh genes and phenotypes are 
stable throughout the life, they vary widely across 
races and various geographical boundaries. These 
genes and phenotypes also have different biochemical 
compositions.6 The polymorphism in these blood 
group system is important in population genetic studies, 
in evaluating the probability of  hemolytic disease in 
the newborn, resolving paternity dispute cases and 
for forensic purposes. The distribution of  ABO and 
RH-D phenotypes in different populations has been 
extensively studied. These blood group systems are not 
only important in blood transfusions but also associated 
with different diseases including cardiovascular diseases, 
organ transplantation, and erythroblastosis in neonates. 
Blood transfusion is a life-saving procedure but can 
cause acute and delayed complications. Complications 
of  blood transfusions with wrongly labeled blood groups 
may be mild or can be life-threatening. Rh system found 
to be second most important blood group system due 
to hemolytic disease of  newborn. The importance of  
Rh system has found in Rh-D negative individuals in 
subsequent transfusions once they develop Rh antibodies. 
This D antigen is the most important in transfusion 
practice in which the person whose red cell lacks the 
D antigen do not regularly have anti-D in their serum. 
The aim of  this study was to determine the distribution 

Table 1: Total blood collection and sex distribution 
of donors
Year Total donors (%) Male (%) Female (%)
2007 14810 (19.32) 13736 (17.92) 1074 (1.40)
2008 15394 (20.08) 14128 (18.43) 1266 (1.65)
2009 14849 (19.37) 13289 (17.34) 1560 (2.04)
2010 15820 (20.64) 14703 (19.18) 1117 (1.46)
2011 15780 (20.59) 14507 (18.93) 1273 (1.66)
Total 76653 70363 (91.79) 6290 (8.21)

Table 2: Group wise distribution of blood donors
Year Blood Group A (%) Blood Group B (%) Blood Group AB (%) Blood Group O (%) Rhesus 

positive (%)
Rhesus 

negative (%)
Total 

donors (%)
2007 3971 (5.18) 4623 (6.03) 1363 (1.78) 4853 (6.33) 14005 (18.27) 805 (1.05) 14810 (19.32)
2008 4077 (5.32) 4843 (6.32) 1512 (1.97) 4962 (6.47) 14534 (18.96) 860 (1.12) 15394 (20.08)
2009 4003 (5.22) 4641 (6.05) 1427 (1.86) 4778 (6.23) 14033 (18.31) 816 (1.06) 14849 (19.37)
2010 4189 (5.46) 5006 (6.53) 1382 (1.80) 5243 (6.84) 14990 (19.56) 830 (1.08) 15820 (20.64)
2011 4229 (5.52) 4955 (6.46) 1609 (2.10) 4987 (6.51) 14964 (19.52) 816 (1.06) 15780 (20.59)
Total 20469 (26.70) 24068 (31.40) 7293 (9.51) 24823 (32.38) 72526 (94.62) 4127 (5.38) 76653
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of  ABO and Rhesus blood group among blood donors. 
In our study, the most common blood group was “O” 
(32.38%) followed by “B” (31.40%), “A” (26.70%), and 
“AB” (9.51%) which is comparable with other studies. The 
study by Nag and Das5 in West Bengal population were 
also observed that “O” blood group (34.8%) was common 
followed by blood groups “B” (33.6%), “A” (23.9%), and 
“AB” (7.7%) which is comparable with our study. Studies 
by Anjali et al.,7 Periyavan et al.,8 Enosolease and Bazuaye,9 
Das et al.,10 Mwangi11 also showed that blood group “O” 
was the most common followed by group “B,” “A” and 
“AB” which is comparable with this study and also the 
findings regarding occurrence of  Rh typing was almost 
in agreement to that from our study. In our study, Rh 
positivity was found in 72,526 (94.62%) donors while 
4,127 (5.38%) donors were Rhesus negative. The study by 
Randriamanantany et al.12 also showed that Rh positive was 
by far the most prevalent which is comparable with our 
study. Other studies conducted by Hamed et al.13 showed 
94.23% Rh (D) positivity and 5.77% Rh (D) negativity 
while Thakral et al.14 showed 93.39% Rh (D) positivity 
and 5.56% Rh (D) negativity which is comparable with 
our study.

CONCLUSION

We established that among the various ABO and Rh-D 
blood groups, blood group “O” is the most common 
followed by blood groups “B,” “A” and “AB” with a 
predominance of  Rh positivity. In addition to compatibility 
test in blood transfusion practice, knowledge of  the blood 
group distribution is also important for geographical 
information, genetic studies and for forensic studies in 
the population.
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ABSTRACT  

Background & Objectives: The ABO blood group system was the first human blood group system to be 

discovered by Landsteiner in 1900. The second type of blood group is the rhesus system. There are only two 

Rh phenotype such as Rh positive and Rh negative, depending on whether Rh antigen is present on the red cell 

or not. The frequency of ABO and Rh phenotypes in different populations has been extensively studied. The 

present study was done to assess the prevalence of blood groups in different categories of bhavnagar and to 

compare our results with other studies conducted in India and elsewhere in the world and its multipurpose 

future utilities for the health planner.  

Materials and Method: A retrospective study was carried out on 40416 blood donors (male and female) 

during a period of three year from 1st January2012 to 31st December 2014, donors were selected and 

screened for study in   the sir. T. Hospital Blood Bank, Bhavnagar Gujrat.  India. . Each sample of donors was 

tested for ABO and Rhesus  group status using antisera (Eryclone Monoclonal ABO/Rh, Tulip Diagnostic Ltd. 

Goa, India) combined slide and tube method  

Results: The frequency of various blood group according to present study, from table -1: B+ve 33.4%, O+ve 

29.4%, A+ve 21.86%,  AB+VE 8.9%, B-ve 2.3%, O-ve 2%, A-ve 1.46% & rarest being AB-ve 0.7% Also from 

Table 2: Rh-Group positive are 93.57% and Rh –Neg less common with 6.42% prevalence Conclusion group 

“B” is most common Blood group in Bhavnagar population  followed by “O”A,and AB Blood Group, also Rh-

Group positive are 93.57% and Rh –Neg less common with 6.42% prevalence  

Keywords: blood donor ,blood group ,ABO,Rhesus (Rh) 

 

INTRODUCTION 

The ABO blood group system was the first human 

blood group system to be discovered by 

Landsteiner in 1900. The ABO blood group 

system is the only system in which antibodies are 

consistently and predictably present in the serum 

of normal individuals whose red cells lack the 

antigens
[1]

 The second type of blood group is the 

rhesus system. There are only two Rh phenotype 

such as Rh positive and Rh negative, depending 

on whether Rh antigen is present on the red cell or 

not. Determination of ABO blood groups is done 

by detecting A and B antigens. In addition, known 

red cells are used to detect anti-A and anti-B in 
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the serum, by a process called ‘reverse’ grouping. 

ABO and Rh gene phenotypes vary widely across 

races and geographical boundaries 
[2,3,4]

 Together 

these two systems have proved to be the most 

important for blood transfusion purposes. In 

modern medicine, the need for blood group 

frequency and prevalence studies is multipurpose, 

as besides their importance in evolution, their 

relation to disease and environment is being 

increasingly important 
[5,6]

. Blood groups are 

genetically determined. The vast majority are 

inherited in a simple Mendelian fashion and are 

stable characteristics which are useful in paternity 

testing
.[7]

 group is essential for effective 

management of blood banks inventory, be it a 

facility of a smaller local transfusion service or a 

regional or national transfusion service. It is, 

therefore, imperative to have information on the 

distribution of these blood groups in any 

population
.[8]

 

The present study was done to assess the 

prevalence of blood groups in different categories 

of Sir Takhtasinhji general hospital, bhavnagar 

India and to compare our results with other 

studies conducted in India and elsewhere in the 

world and its multipurpose future utilities for the 

health planners. 

 

OBJECTIVES 

This  study is aimed to determine frequency and 

distribution ABO and Rh blood group patterns 

among blood donors in the sir T. Hospital Blood 

Bank, Bhavnagar, Gujarat and compare with other 

data from similar studies within the India and all 

over the world. 

 

MATERIALS AND METHOD 

A retrospective study was carried out on 40416 

blood donors (male and female) during a period of 

one year from 1st January2012 to 31st December 

2014 in the sir. T. Hospital Blood Bank, Bhavnagar 

Gujrat.  India the blood donors were selected after 

taking a detailed history and a complete 

examination regarding their eligibility criteria for 

blood donation. Donor’s name, age, sex, 

occupation, caste, complete postal address and 

contact number was taken. Donors were deferred or 

accepted according to their medical history 

regarding chronic or acute diseases. Findings were 

further confirmed by physical examination of the 

patient. Blood was taken from a donor only after 

fulfilling all the eligibility criteria of a healthy 

donor. Blood was taken for donors who were 

between 18-60 years of age, more than 45 kg 

weight with hemoglobin more than 12.5 g%. The 

donors have no history of any disease, infection or 

recent treatment. Written consent was also taken 

from them prior to donation regarding their  

acceptability for the tests to be carried out for the 

transfusion transmitted diseases. The Blood 

samples were obtained by standard procedures of 

venupuncture and subjected to determination of 

ABO and Rhesus blood group using antisera 

(Eryclone Monoclonal ABO/Rh, Tulip Diagnostic 

Ltd. Goa, India) by combined slide and test tube 

method. Each sample of donors was tested for ABO 

and Rhesus status 
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OBSERVATION AND RESULTS 

Table -1: Distribution of ABO and Rh Blood group system 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table- 2: Rh blood group frequency in present study 

 Rh +ve Rh –ve  

2012 10574 714  

2013 12788 890  

2014 14507 998   = 40471  

Total 37869 (93.57%) 2602 (6.42%)  

 

Figure 1: Bar diagram showing number of  blood donors in group wise distribution in Bhavnagar population in 

3 years 2012, 2013 and 2014 

 

 

 

 

 

 

   Figure 2:  Pie Diagram showing frequency of different blood groups   
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From above result our study has determind the 

distribution & frequency of ABO & Rh Blood 

group among the – 40471 Donor, coming to  Sir 

T. Hospital, Blood bank, Bhavnagar in Year Jan -

2012 To Dec -2014. Our Result state that blood 

group “B” is most common followed by “O” 

Blood Group. 

 

The frequency of various blood group according 

to present study, from table -1: B+ve 33.4%, 

O+ve 29.4%, A+ve 21.86%,  AB+VE 8.9%, B-ve 

2.3%, O-ve 2%, A-ve 1.46% & rarest being AB-

ve 0.7% Also from Table 2: Rh-Group positive 

are 93.57% and Rh –Neg less common with 

6.42% prevalence. 

Table -3: Comparison study on frequency of ABO & Rhesus Blood Group in it deferent geographical areas 

 

 

 

 

 

 

 

 

 

 

 

 

The comparison of frequency and distribution of 

ABO and Rh Group in blood donor at present 

study with the similar studies carried out within 

and outside India is describe in table-3, 

Distribution of ABO and Rh grouping was 

amparable to the studies done at Eastern 

Ahmedabad 9, and Pakistan 10, All these studies 

have described “B” as most frequent and “AB” as 

least common Blood Group. 

The second most common is “O” in resent study 

as well as in Eastern Ahmedabad 
9
,  

Whereas in southern India 
(11,12,13)

 have described 

contras finding with “O” being the most common 

followed by “B”, “A” and “AB” 

In Nepal 
14

, Britain 
17

, USA
 16

, “O” and “A” are 

the common blood group that are followed by “B” 

and “AB”. 

The comparison of frequency and distribution of 

ABO and Rh Group in blood donor at present 

study with the similar studies carried out within 

and outside India is describe in table-3, 

Distribution of ABO and Rh grouping was 

amparable to the studies done at Eastern 

Ahmedabad 9, and Pakistan 10, All these studies 

have described “B” as most frequent and “AB” as 

least common Blood Group. 

 

 

 

 

 

 

 

 

 

 

 

 

The second most common is “O” in resent study 

as well as in Eastern Ahmedabad 
9
,  

Whereas in southern India 
(11,12,13)

 have described 

contras finding with “O” being the most common 

followed by “B”, “A” and “AB” 

In Nepal 
14

, Britain 
17

, USA
 16

, “O” and “A” are 

the common blood group that are followed by “B” 

and “AB”. 

In Nigeria 
15

 “O” is the predominantly 

encountered blood group for more than 50% of 

Donors and AB has least common accordance. 

This difference in Phenotype of Blood group is 

due to the prevalence of autosomal genes at 

various geographer regions. Due to autosomal 

inheritance male and female data does not affect  

the frequency of blood group phenotypes 18.From 

our observation we can state that blood group 

system not only help in transfusion service, but 

also help to take preventative measure against 

disease which are associated with different blood 

group. There is known genetic association of 

specific blood group to certain disease in certain 

population. Group “A” more frequency with 

coronary  heart disease, IHD, Venous Thrombus, 

and atherosclerosis with its low in people with 

blood group “O” which state to have protective 
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effect  against this disease (19,20,21)The “B” 

antigen increase  risk of ovarian ca.22, Gastric 

carcinoma. More common in blood group “A” 

and least in group “O” 23, 

In short, generation of simple database of blood 

group not only provide date about the availability 

of human blood in case of emergency regional 

natural comities but also  serve to enable insight 

into possibilities to future burden of disease, it 

useful to health planner while making efforts to 

face the future health challengers’ in the region     
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1. Introduction

  The ABO blood groups consist of A, B and H carbohydrate 
antigens which can regulate protein activities during 
infection and antibodies against these antigens[1,2]. A 
number of studies were conducted to investigate the 
association between ABO blood group system and some 
disease conditions[3-8]. Some of these studies reported 
significant associations, suggesting that ABO blood groups 

have an impact on infection status of the individuals 
possessing a particular ABO blood group[5-8].
   In view of a heavy burden placed on human health due to 
malaria, a good many investigations have been conducted 
to find out whether or not ABO blood groups antigens are 
associated with susceptibility, resistance, or severity of 
P. falciparum malaria. Nonetheless, these studies have 
reported contradictory results. Some studies reported the 
absence of significant association between P. falciparum 
(prevalence, parasitaemia or antibody titer) and ABO 
antigens[4,9-14]. On the other hand, other studies have shown 
that high frequency of malaria episodes has been observed 
among blood group ‘A’ individuals as compared with other 
blood groups individuals[15]. Large numbers of severe 
malaria cases were also reported among blood group ‘A’ 
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Objective: To assess the distribution of ABO blood group and their relationship with Plasmodium 
falciparum (P. falciparum) malaria among febrile outpatients who sought medical attention at 
Dore Bafeno Health Center, Southern Ethiopia. Methods: A total of 269 febrile outpatients who 
visited Dore Bafeno Health Center, Southern Ethiopia, were examined for malaria and also tested 
for ABO blood groups in January 2010. The blood specimens were collected by finger pricking, 
stained with Geimsa, and examined microscopically. Positive cases of the parasitemia were 
counted. CareStartTM Malaria Pf/Pv Combo was also used to test the blood specimens for malaria. 
ABO blood groups were determined by agglutination test using ERYCLONE® antisera. Data on 
socio-demographic characteristics and treatment status of the participants were also collected. 
Chi-square and ANOVA tests were used to assess the difference between frequencies and means, 
respectively. Results: Out of a total of 269 participants, 178 (66.2%) febrile patients were found to 
be infected with Plasmodium parasites, among which 146 (54.3%), 28 (10.4%), and 4 (1.5%) belonged 
to P. falciparum, P. vivax, and mixed infections, respectively. All febrile patients were also tested 
for ABO blood groups and 51.3%, 23.5%, 21.9% and 3.3% were found to be blood types of O, A, B 
and AB, respectively. Both total malaria infection and P. falciparum infection showed significant 
association with blood types (P<0.05). The proportion of A or B but not O phenotypes was higher 
(P<0.05) in individuals with P. falciparum as compared with non-infected individuals. The chance 
of having P. falciparum infection in patients with blood groups A, B and AB was 2.5, 2.5 and 3.3 
times more than individuals showing blood O phenotypes, respectively. The mean P. falciparum 
malaria parasitaemia for blood groups A, B, AB, and O were 3 744/毺L, 1 805/毺L, 5 331/毺L, and 
1 515/毺L, respectively (P<0.01). Conclusions: The present findings indicate that individuals 
of blood groups A, B and AB are more susceptible to P. falciparum infection as compared with 
individuals of blood group O. Nevertheless, further in depth studies are required to clearly 
establish the role that ABO blood group plays in P. falciparum malaria.
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individuals[16,17]. Furthermore, Migot-Nabias and Pathirana 
et al[18,19] observed low parasitaemia and uncomplicated 
malaria cases among blood group ‘O’ individuals, 
respectively.
   Variations in reports on the association of ABO blood 
groups and disease progression of P. falciparum malaria 
show the complexity of the interaction between the parasite 
and host immune responses. In addition, studies have shown 
the impact of other red blood cells (RBC) polymorphisms 
including haemoglobin (Hb) abnormalities such as HbS, 
HbC, thalassemia and deficiency in erythrocyte complement 
receptor (CR) or glucose-6-phosphate dehydrogenas on P. 
falciparum malaria susceptibility and severity[18,20-23]. This 
makes it difficult to make a clear analysis on the association 
of ABO blood groups and P. falciparum because so far most 
of the study designs have been conducted in vivo. Therefore, 
this study aims to assess the distribution of ABO blood 
groups and their relationship with P. falciparum malaria 
among febrile outpatients who sought medical attention at 
Dore Bafeno Health Center, Southern Ethiopia.

2. Materials and methods 

2.1. Study area and population

   A cross-sectional study was conducted at Dore Bafeno 
Health Center, Southern Ethiopia, to assess the association 
of ABO blood groups antigens with malaria in January 2010. 
Dore Bafeno is located at about 23 km to the southwest of 
Hawassa town. The area has an elevation of about 1 708 
m above sea level. It has an estimated total population of 
139891, consisting of 70 503 males and 69 388 females. 
   The study population was composed of febrile outpatients 
who sought medical attention at Dore Bafeno Health Center 
in January 2010. A total of 269 febrile outpatients were 
selected as study participants, excluding individuals who 
took antimalarial drugs within two weeks before blood test 
and who refused to participate in the study. The target 
populations were almost from the same ethnic (Sidama) 
group.

2.2. Ethical approval

   The study obtained ethical clearance from the Institutional 
Research Board (IRB) of the Aklilu Lemma Institute of 
Pathobiology, Addis Ababa University, and from the 
Health Bureau of South Nations Nationalities and Peoples 
Region (SNNPR). Malaria positive cases were treated with 
antimalarial drugs based on the current national treatment 
guideline of Ethiopia.

2.3. Clinical and laboratory diagnosis

   Before collecting blood sample, explanation about the 

study was given and a written informed consent was obtained 
from every study participant including the guardians of 
children. Capillary blood was collected by finger pricking 
using 70% isopropanol and sterile disposable lancet. Heel 
puncture was used for infants. Immediately, thin film was 
spread on grease free, frosted end, labeled slide using a 
smooth edged slide spreader. Thick film was also prepared 
on the same slide. Thin film was then fixed with methanol. 
The blood film was stained with 10% Giemsa for 10 minutes. 
Finally, the films were examined under an oil immersion 
microscope objective (100暳). Parasitemia was determined 
for febrile patients who tested positive for P. falciparum 
by counting the number of parasites (asexual forms only) 
against 200 white blood cells (WBC). This counting was done 
by using hand tally counters. Then, the number of parasites 
per microliter of blood was calculated[24]. CareStartTM Malaria 
Pf/Pv Combo test was also performed parallel with blood 
film examination using the same blood sample following 
manufacturer’s instruction (Access Bio, Inc. NJ USA). 
Similarly, the blood group of the study participants was 
determined by direct slide method, using agglutinating A 
and B Monoclonal ERYCLONE® anti-sera alongside with the 
former procedures. 

2.4. Data analysis

   Data were entered in Microsoft Excel, checked for its 
correctness, and exported to and analyzed using SPSS version 
13 (SPSS Inc, Chicago, IL). Chi-square test was used to 
assess the difference between frequencies (the associations 
between blood groups and P. falciparum malaria cases). 
ANOVA was used to test the difference between parasitemia 
means. Observed difference was considered to be significant 
for P<0.05.

 
3. Result 

3.1. Malaria infection 

   Out of a total of 269 febrile patients who visited Dore 
Bafeno Health Center for medical attention, 178 (66.2%) 
were found to be infected with Plasmodium parasites as 
determined by microscopy. The prevalence of malaria 
was found to be the highest among under-five children as 
compared with older age groups but the difference was not 
significant (P>0.05). Similarly, the prevalence was higher 
among females (67.2%) than males (65.3%) and this difference 
was not statistically significant (Table 1).   

3.2. ABO blood groups and malaria infection 

   All febrile patients examined for malaria were also tested 
for ABO blood groups. Accordingly, 51.3%, 23.5%, 21.9% 
and 3.3% were found to be blood types of O, A, B and AB, 
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respectively(氈2=126.2, P<0.01). The highest proportion 
of individuals in all blood groups were infected with P. 
falciparum as compared with other groups (P. vivax, mixed 
and non-infected), and this difference was statistically 
significant (P<0.01). In general, malaria infection showed 
significant association with blood group (氈2=10.4, P=0.015) 
with the highest proportion (77.8%) observed among 
individuals with AB blood group, followed by those with 

blood group B (64.4%). Prevalence of P. falciparum infection 
also showed similar pattern (氈2=13.9, P<0.01) with the 
highest proportion (77.8%) observed among individuals with 
AB blood group, followed by those with blood group A (65.1%) 
(Table2).  
   65.1%, 64.4%, 77.8% and 43.5% of individuals with A, B, AB 
and O blood types, respectively had P. falciparum infections. 
The proportion of A or B but not O phenotypes was higher 

Table 1 
Prevalence of malaria by age and sex among the study participants at Dore Bafeno Health Center, Southern Ethiopia, January 2010 [n (%)].
Age Number examined P. falciparum P. vivax Mixed* Total
           曑5   67  43 (64.2)   7 (10.4) 0 (0.0) 50 (74.6)

          6-15 112  61 (54.5) 11 (9.8) 4 (3.6)  76 (67.8)

          >15   90  42 (46.7)   10 (11.1) 0 (0.0)  52 (57.8)

         Total 269 146 (54.3)   28 (10.4) 4 (1.5) 178 (66.2)

         氈2, P 4.75, 0.09 0.89, 0.96 5.69, 0.06 5.11, 0.08

Sex
         Male 144  80 (55.5)   11 (7.6)  3 (2.0)   94 (65.3)

         Female 125  66 (52.8)     17 (13.6)  1 (0.8)   84 (67.2)

         氈2, P 0.21, 0.65 2.55, 0.11 0.75, 0.39 0.11, 0.74

*Mixed infection of P. falciparum and P. vivax.

Table 2
Frequency of ABO blood groups among Plasmodium-infected cases at Dore Bafeno Health Center, Southern Ethiopia, January 2010 [n (%)].  

Blood group Number 
examined

Infection type
Total 氈2, PP. falciparum P. vivax Mixed* Non-infected

A            63  41 (65.1)    5 (7.9)   1 (1.6) 16 (25.4) 63 (23.5) 61.6, <0.0100
B            59  38 (64.4)      7 (11.9)   0 (0.0) 14 (23.7)  59 (21.9) 55.5, <0.0100
AB             9    7 (77.8)     0 (0.0)    0 (0.0)   2 (22.2)  9 (3.3) 14.6, <0.0100
O          138  60 (43.5)    16 (11.6)     3 (2.2)  59 (42.8) 138 (51.3)  74.9, <0.0100
Total          269 146 (54.3)    28 (10.4)     4 (1.5)  91 (33.8) 269 (100)    183.0, <0.0001

氈2, P  13.9, 0.0030 1.8, 0.6150 1.5, 0.6880 10.4, 0.0150 126.2, 0.0001

 
Table 3
Comparison of frequency of ABO blood groups among P. falciparum-infected individuals with that of non-Plasmodium-infected individuals 
at Dore Bafeno Health Center, Southern Ethiopia, January 2010  [n (%)].
Blood group Age group Numbers with blood type P. falciparum infected Non-Plasmodium-infected 氈2, P 氈2, P
A

         曑5 16 13 (81.2) 1 (6.3) 8.64, 0.003

          6-15 21 16 (76.2)  5 (23.8) 4.76, 0.029
          >15 26 13 (50.0) 10 (38.5) 0.18, 0.670
          Total 63 42 (66.7) 16 (25.4)   10.79, 0.001        5.99, 0.050
B

         曑5 14 10 (71.4) 3 (21.4)  2.76, 0.090

         6-15 28 20 (71.4) 6 (21.4)  6.50, 0.010
          >15 17  8 (47.1) 5 (29.4)  0.30, 0.580
    Total 59 38 (64.4) 14 (23.7)    10.18, 0.001 1.17, 0.556 
AB

        曑5 1   1 (100.0) 0 (0.0)   0.00, 1.000

        6-15 4  3 (75.0)  1 (25.0)   0.26, 0.610
       >15 4  3 (75.0)  1 (25.0)   0.26, 0.610
        Total 9  7 (77.8)  2 (22.2)   1.78, 0.182 0.32, 0.852
O

       曑5 36 19 (52.8)  13 (36.1)   0.78, 0.370

       6-15 59 26 (44.1)  14 (23.7)   0.02, 0.887
       >15 43 18 (41.9)  22 (51.2)   0.22, 0.639
       Total 138 63 (45.7)  59 (42.8)   0.08, 0.777  1.48, 0.478
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(P<0.05) in individuals with P. falciparum compared with 
non-infected individuals. P. falciparum infection do not 
show association (P>0.05) with age in all the 4 blood groups 
(Table 3).
   The chance of having P. falciparum infection in patients 
with blood groups A, B and AB was 2.5 (氈2=6.941, P=0.008, 
OR=2.46, 95% confidence interval (CI)=1.256-4.804), 2.5 (氈
2=6.841, P=0.009, OR=2.54, 95% CI=1.260-5.119) and 3.3 (氈
2=2.284, P=0.131, OR=3.28, 95% CI=0.737-14.380) times higher 
than individuals showing blood O phenotypes, respectively. 
Also, this probability of P. falciparum infection for patients 
with blood group A, B and AB was found higher (OR>1.5) 
when compared with blood group O individuals for each age 
groups.

3.3. ABO blood type and P. falciparum parasitaemia

   About 38.1% (16/42), 47.4% (18/38), 22.2% (2/9) and 66.7% 
(42/63)  P. falciparum infected individuals of blood group A, 
B, AB and O, respectively had parasite density of less than 
1000 parasites/毺L of blood. In contrast, 59.5% (25/42), 52.6% 
(20/38), 77.8% (7/9) and 33.3% (21/63) P. falciparum infected 
individuals of blood group A, B, AB and O, respectively 
had parasite density of greater than 1000 parasites/毺L of 
blood. Only 2.4% (1/42) individuals of P. falciparum infected 
patients with blood group A had a parasite density of greater 
than 100 000 parasites/毺L of blood. Mean P. falciparum 
malaria parasitaemia for blood groups A, B, AB and O were 3 
744/毺L, 1 805/毺L, 5 331/毺L, and 1 515/毺L respectively. This 
difference was statistically significant (P<0.01, F= 11.510). 

4. Discussion

   In this study, high percentage of O blood group (51.3%) 
phenotype was observed among the study participants 
followed by A (23.5%), B (21.6%), and AB (3.3%). This agrees 
with some previous studies that also reported high frequency 
of group ‘O’ and low frequency of group ‘A’ phenotypes in 
tropical regions where malaria is rampant[14,25,26]. On the 
other hand, other studies reported high prevalence of blood 
group ‘A’ and low prevalence of blood group ‘O’ phenotypes 
in colder regions where malaria has not been endemic 
[14,27]. Hence, the present finding seems to substantiate 
the hypothesis about a selective (survival) evolutionary 
advantage of P. falciparum infection on blood group O cells 
compared with other blood group types (A, B or AB) in areas 
where malaria is endemic[28].
   In this study, significantly higher proportions of individuals 
with blood group A, B and AB but not O were found to 
be infected with P. falciparum as compared with non-P. 
falciparum infected individuals. This is also consistent with 
previous reports[29,30], suggesting that individuals with blood 
groups A, B and AB are more susceptible to P. falciparum 
infection than those with O group. Beiguelman and Santos  et 

al[15,31] similarly observed significant association between 
the presence of A or B antigen and the number of malarial 
episodes in Brazil. Several mechanisms relate to these 
associations, including affinity for Anopheles species, shared 
ABO antigens with P. falciparum, impairment of merozoite 
penetration of RBCs, as well as cytoadherence, endothelial 
activation and rosetting[32]. On the other hand, absence 
of association between ABO system and malaria infection 
was also observed in other populations[10,13,29,33,34]. Also, 
in contrast to our observation, Rowe and Tekeste et al[35,36] 
documented absence of difference in the frequency of 
ABO blood groups between healthy controls and those with 
uncomplicated malaria, suggesting insignificant effect of 
the ABO blood groups on uncomplicated clinical malaria 
disease. However, in accordance with our findings, Rowe et 
al[35] observed the absence of significance difference in the 
frequency of group O between uncomplicated malaria cases 
and the healthy controls.
   The lowest mean parasitaemia was also observed among 
individuals with blood group O as compared to blood groups 
A, B and AB. Similarly, Migot-Nabias et al[18] observed lower 
P. falciparum parasitaemia in those with blood group O 
as compared to non-O subjects. In addition, other studies 
also reported a high chance of severe malaria or high 
parasitaemia cases in individuals possessing blood group A 
or AB cells than among individuals with blood group ‘O’[16, 

17,19,29]. 
   The mechanism by which ‘A’ promotes susceptibility 
and ‘O’ confers a relative protective effect against high 
P. falciparum parasitaemia is not well understood. 
Nevertheless, different studies have come up with their 
reasonable explanations on the basis of rosette formation. 
Several reports support the hypothesis that blood group 
A represents a risk factor for high chance of rosette, 
which is usually characterized by high P. falciparum 
parasitaemia during malaria infection and a reducing effect 
of blood group ‘O’ on rosette[37-45]. The presence of several 
glycosylated adhesion molecules such as intracellular 
adhesion molecule 1[38], complement receptor 1[37], heparin 
sulfate-like glycosaminoglycan[40,41], platelet glycoprotein 
CD36[46-54], high level von Willebrand factor[43], low arginine 
and nitrate levels[42], presence of cellular micro-particles 
[44] and the nature of sugar molecules (trisacchrides)[55] in 
blood group ‘A’ cells promote a high chance of binding with 
the rosette-forming surface molecules of the P. falciparum 
such as Duffy binding-like domain 1 alpha of P. falciparum 
erythrocyte membrane protein-1[21,56], rifs[57,58]. On the other 
hand, blood group ‘O’ cells show deficiency of most of the 
above adhesive molecules and contain disaccharides sugar 
molecules which reduce the rate, size and stability of rosette 
formed during P. falciparum infection[44,55].  
   The present study only employed parasitaemia as a 
laboratory marker to determine the association of ABO blood 
groups and P. falciparum malaria. The study also did not 
consider factors like HbS, HbC, CR, iron status of the host, 
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place of residence of the study population which could 
affect the nature of P. falciparum infection among the study 
population. Had more laboratory markers or clinical features 
(e.g. cerebral malaria) been used, more information would 
have been generated on the associations. Nevertheless, 
the findings indicate that individuals of blood group A, B 
and AB are more susceptible to P. falciparum infection as 
compared with individuals with the blood type O. Further 
in-depth studies are required to clearly establish the role of 
ABO blood groups in the P. falciparum malaria.
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INTRODUCTION

The ABO blood grouping system consists of the A,
B and H carbohydrate antigens produced by a series of
enzymatic reactions catalyzed by glycosyltransferase and
antibodies against these antigens. ABO blood grouping
is based on the presence or absence of A and B blood
group antigens on the surface of red blood cells (RBC)
derived from inherited gene1.

In clinical practice, ABO is the most important sys-
tem for blood group compatibility and ABO antigen as-
sociations with infections2. The relationship between ABO
and malaria was first suggested 40 years ago3. There is a
hypothesis that Plasmodium falciparum malaria has
shaped the distribution of ABO blood groups in humans3.

Malaria has been the most important selective force
on the human population, and several erythrocyte poly-
morphisms have evolved that confer the resistance to se-
vere malaria. Plasmodium falciparum rosetting is reduced
in blood group ‘O’ but the contribution of the ABO blood
group system to protect severe malaria has received little
consideration4–5. Most of the time individuals great para-

site density in their peripheral blood have a higher risk of
developing severe malarial disease. However, some indi-
viduals develop severe and even fatal malaria with a very
low peripheral parasitaemia due to sequestration of the
parasite in the deep tissue capillaries6.

Many investigations have been conducted to find out
whether or not ABO blood group antigens are associated
with susceptibility, resistance, or severity of P. falciparum
malaria. Plasmodium falciparum infections can be linked
to the most severe forms of human malaria and virulence
is associated with parasite reproduction rate and erythro-
cyte invasion mechanism7.

However, some studies reported the absence of sig-
nificant association between severe malaria and ABO an-
tigens8. On the other hand, few studies have shown that
high frequency of malaria episodes has been observed
among blood group ‘O’ individuals as compared to other
blood group individuals9. Large numbers of severe ma-
laria cases were also reported among blood group ‘A’
individuals10. Furthermore, low parasitaemia was ob-
served among uncomplicated malaria cases and blood
group ‘O’ individuals4, 10–11.
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ABSTRACT
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anti-sera together with parasite load count. Chi-square and ANOVA tests were used to assess the difference between
frequencies and means, respectively.

Results: Out of 398 acute febrile patients, 201 (50.5%) were found to be infected with Plasmodium parasites. Of
which 194 (48.74%) and 7 (1.76%) belong to Plasmodium falciparum and P. vivax, respectively. The distribution
of ABO blood groups was O (46%), A (27.1%), B (23.1%) and AB (3.8%). The percentage of severe malaria with
respect to blood group A, B, AB and O was found to be 40, 34.1, 14.3 and 5.1%, respectively. The association of
severe malaria with non ‘O’ blood types was statistically significant (χ2 = 31.246, p <0.01).

Interpretation & conclusion: The present findings indicate that individuals with blood groups A, B and AB are
more susceptible for severe malaria infection than blood group O.
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Variations in reports on the association of ABO blood
groups and disease progression of P. falciparum malaria
show the complexity of the interaction between the para-
sites and host immune responses. In addition, studies have
shown the impact of other RBC polymorphisms including
hemoglobin (Hb) abnormalities such as HbS, HbC and
thalassemia9, 12–14, deficiency in erythrocyte complement
receptor (CR) or glucose-6-phosphate dehydrogenase on
P. falciparum malaria susceptibility and severity15–16 and
lack of Duffy antigen17 protection developing severe ma-
laria in endemic areas. This makes it difficult to make a clear
analysis on the association of severe malaria and ABO
blood groups. Therefore, this study aims to assess the rela-
tionship of severe malaria infection with their ABO blood
types among acute febrile patients who sought medical
attention at Felegeselam Health Center, northwestern
Ethiopia where P. falciparum is the dominant species.

MATERIAL & METHODS

Study area
A cross-sectional study was conducted at Felegeselam

Health Center, northwestren Ethiopia, to assess the asso-
ciation of ABO blood group antigens with severe malaria
in December 2011. Felegeselam is located at about 570 km
away from Addis Ababa. The area has an elevation between
1000 and 1050 m above sea level. The study area has an-
nual temperature ranging from 28–43°C with annual rain-
fall of 1050 mm. The total population of the study area is
50,307; of which 26,984 are males and 25,323 are fe-
males18. The study population comprised of febrile outpa-
tients who sought medical attention at Felegeselam Health
Center in December 2011. A total of 398 acute febrile pa-
tients were selected as study participants, excluding indi-
viduals who took antimalarial drugs within two weeks
before the blood test, patients who were not living perma-
nently in the area and who refused to participate in the study.

Clinical and laboratory diagnosis
Health staff members were trained about how to col-

lect sample and explanation was given prior to the data
collection. Capillary blood was collected by finger prick-
ing using 70% alcohol and sterile disposable lancet. Thick
and thin films were prepared on the same slide. Thin films
were fixed with methanol. The blood films were stained
with 6% Giemsa for 10 min. Finally, the films were exam-
ined under an oil immersion microscope objective (100 ×).
Parasitaemia was determined for febrile patients who tested
positive for P. falciparum and P. vivax by counting the
number of parasites (asexual forms only) against 200 WBCs
using hand tally counters. Then, the number of parasites per

microliter (μl) of blood was calculated. If the parasitic load
was greater than 10,000 parasites/μl of blood, the infection
was said to be severe. On the other hand, the infection was
considered as uncomplicated if the parasite load was lesser
than 10,000 parasites/μl. This can be used to give a more
accurate figure with appropriate adjustment of the multi-
plication factor19. In addition, the blood group of the study
participants was determined by direct slide method, using
agglutinating A and B monoclonal Eryclone® antisera
together with the former procedures.

Data analysis
Data were entered into Microsoft Excel, exported to

SPSS version 16 and analyzed. Chi-square test was used
to assess the difference between frequencies (the asso-
ciations between blood groups and P. falciparum malaria
cases). ANOVA was used to test the difference between
parasitaemia means. Observed difference was considered
to be significant for p <0.05.

Ethical approval
The study obtained ethical clearance from Microbi-

ology, Immunology and Parasitology Department Ethi-
cal Review Committee, College of Health Science, Addis
Ababa University and from the Pawe Woreda Health Of-
fice. Written informed consent was obtained from every
study participant and guardians in case of children. Ma-
laria positive cases were treated with antimalarial drugs
based on the current national treatment guidelines of
Ethiopia.

RESULTS

Malaria infection
Out of 398 acute febrile cases who visited

Felegeselam Health Center for medical attention, 201
(50.5%) were found to be infected with Plasmodium
parasites as determined by microscopy. Of which P.
falciparum and P. vivax accounted for 194 (48.7%) and 7
(1.8%), respectively (Table 1). The prevalence of malaria

Table 1. Prevalence of malaria by age and sex among
acute febrile cases

Age (yr)/ No. of Pf Pv Total χ2, p-value
Sex cases

examined

1–4 52 23 (44.2) 1 (1.9) 28 (53.8) 1.26, 0.87
5–17 166 86 (51.8) 3 (1.8) 77 (46.4)
> 18 180 85 (47.2) 3 (1.7) 92 (51.1)
M 176 83 (47.2) 3 (1.7) 90 (51.1) 0.22, 0.896
F 222 111 (50) 4 (1.8) 107 (48.2)
Total 398 194 (48.7) 7 (1.8) 197 (49.5)

Figures in parentheses indicate percentages.
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was highest among 5 to 17 yr as compared with under
five and older age groups but the difference was not sig-
nificant (p >0.05). Similarly, the prevalence was higher
among females (51.8%) than males (48.9%) and this dif-
ference was not statistically significant (χ2=0.22, p >0.05)
(Table 1).

ABO blood groups and malaria infection
All febrile patients examined for malaria were also

tested for ABO blood groups. Accordingly, 46, 27.1, 23.1
and 3.8% were found to be blood types of O, A, B and
AB (Table 2). All of them were Rh positive. There
were 200 volunteer blood donors used as a control to as-
sess the distribution of blood types among the commu-
nity. The donors who lived in that specific community
and donated blood in Pawe Hospital were selected based
on their address. The distribution of ABO phenotypes
among blood donors was O (60%), A (26%), B (12.5%)
and AB (1.5%). Only one blood donor with blood group
O was Rh (–)ve.

In general, malaria infection was observed with the
highest proportion (53.6%) among individuals with O
blood group, followed by those with blood group A
(50.9%) (Table 2). In all blood groups of acute febrile
illness (AFI) cases that have body temperature above nor-
mal, the prevalence of P. falciparum malarial infection
was higher than that of P. vivax infection. Prevalence of
P. falciparum infection was high (51.9%) among
individuals with O blood group, followed by individuals
with blood group A (50.9%) (Table 2). The percentage of
P. falciparum infection among blood groups A, B,
AB and O was 50.9, 41.3, 40 and 51.9%, respectively
(Table 2). The proportion of A or O was higher in indi-
viduals with P. falciparum infection compared with non-
infected individuals (Table 2) who were screened. Plas-
modium falciparum infection did not show significant
association (p >0.05) with the age among different blood
groups.

ABO blood type and P. falciparum parasitaemia
There were 42 severe malaria (parasitic load >10,000

parasites/μl) and 159 uncomplicated malaria (parasitic
load <10,000 parasites/μl) cases isolated in this study.
Parasitic load was used as a marker of differentiation be-
tween severe and uncomplicated malaria. Prevalence of
severe malaria among blood groups A, B, AB and O was
39.3, 35, 14.3 and 5.1%, respectively (Table 3). All se-
vere malaria cases were caused by P. falciparum. In gen-
eral, severe malaria infection showed significant associa-
tion (χ2= 30.54, p <0.01) with non ‘O’ blood groups. The
highest proportion of severe malaria was observed among
participants with blood group A (39.3%) but the least
proportion was found to be in O blood group (5.1%)
(Table 3).

The median parasitic count for all positive, uncom-
plicated malaria and severe malaria cases were 82, 54
and 396 parasites/μl, respectively. Similarly, the median
parasitic count for each blood group A, B, AB and O was
128.5, 140, 84 and 56 parasites/μl, respectively. On the
other hand, the mean parasitic count for all positive, mild
malaria and severe malaria cases were 144, 169.2 and
539.4 parasites/μl of blood, respectively. The mean para-
sitic count for each blood group A, B, AB and O was
228.9, 125, 108.7 and 55.7 parasites/μl of blood, respec-
tively.

There were also three severe malaria cases whose
parasitic load was greater than 100,000 parasites/μl of
blood and two of them had the blood type ‘A’ where as
one had blood group ‘O’. The frequencies of A, B, AB
and O blood groups in uncomplicated malaria cases was
21.4, 16.5, 3.8 and 58.9%, respectively (Table 3). The
prevalence of uncomplicated malaria among blood groups
A, B, AB and O was 60.7, 65, 85.7 and 94.9%, respec-
tively (Table 3). This indicated that most uncomplicated
malaria cases had blood group O followed by blood group
AB.

The chance of having severe malaria infection in pa-
tients with blood groups A, B and AB was 12 (χ2= 28.801,

Table 2. Prevalence of malaria among the study participants
based on their blood types

Blood No. of Pf Pv Non- Total χ2,
group cases (%) (%) infected (%) p-value

examined (%)

A 108 55 (50.9) 0 (0) 53 (49.1) 55 (50.9) 7.96, 0.24
B 92 38 (41.3) 3 (3.3) 51 (55.4) 41 (44.6)
AB 15 6 (40) 1 (6.7) 8 (53.3) 7 (46.7)
O 183 95 (51.9) 3 (1.6) 85 (46.4) 98 (53.6)

Total 398 194 (48.7) 7 (1.8) 197 (49.5) 201 (50.5)

Figures in parentheses indicate percentages.

Table 3. Percentage distribution of malaria characters based on
their ABO blood types

Malaria Blood group types Total χ2,
character- A B AB O p-value
istics

Severe 22 (39.3) 14 (35) 1 (14.3) 5 (5.1) 42 30.54, 0.0
Uncomplicated 34 (21.4) 26 (16.4) 6 (3.8) 93 (58.5) 159

Total 56 (27.9) 40 (19.9) 7 (3.5) 98 (48.6) 201

Figures in parentheses indicate percentages.
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p = 0.0, OR=12.04, 95% confidence interval (CI) = 4.222–
34.306), 10 (χ2 = 21.387, p = 0, OR = 10.02, 95% CI =
3.301–30.385) and 3.1 (χ2= 2.284, p = 0.335, OR = 3.10,
95% CI = 0.311–30.929) times higher than individuals
showing blood group O phenotypes, respectively.

The parasite load for all malaria positive cases was
≥ 100 parasites/μl. About 21.8% of P. falciparum infected
study participants of blood group A, 12.2% of blood group
B, 28.6% of blood group AB and 21.4% blood group O
had shown parasitic load of ≤ 1000 parasites/μl of blood.
On the other hand, 78.2% (43/55), 85.4% (35/41), 71.4%
(5/7) and 77.6% (76/98) P. falciparum infected individu-
als of blood group A, B, AB and O, respectively had para-
site density of ≥1000 parasites/μl of blood. Only 3.6%
(2/55) and 1% (1/98) of P. falciparum infected patients
with blood group A and O respectively had a parasite
density of ≥100,000 parasites/μl of blood.

DISCUSSION

In the present study, high proportion of blood group
O (46%) phenotype was observed among the study par-
ticipants. This agrees with some previous reports (51.3%)
in southern Ethiopia10, (45.7%) in Awash, Metehara and
Ziway areas of Ethiopia11, (55.83%) in Amazon region
of Brazil20 and 54.4% in Zimbabwe21 which showed high
frequency of group ‘O’ than non ‘O’ phenotypes in tropi-
cal regions where malaria is prevalent.

Significantly higher proportion of individuals with
blood groups A, B and AB were found to have severe
P. falciparum infection than blood group O. This was
consistent with previous reports4, 10–11, 21 which
emphasised that non O blood groups were more suscep-
tible to P. falciparum infection than those with O blood
group.

The lowest mean parasitaemia was observed among
individuals with blood group O as compared to blood
groups A, B and AB in this study. The results of the present
study is in agreement with reports from southern Ethio-
pia10 and Awash, Metehara and Ziway areas of Ethiopia11

which showed that blood group O had the lowest mean
parasitaemia.

In contrast to the present study, previous reports in-
dicated high prevalence of blood group A and low preva-
lence of blood group O phenotypes in colder regions
where malaria has not been endemic22. Hence, the present
finding seems to confirm the hypothesis about a selective
survival evolutionary advantage of P. falciparum infec-
tion in blood group O compared with non O blood groups
in malaria endemic areas.

The present study revealed that there was a differ-

ence in the frequency of ABO blood groups between con-
trols and those with uncomplicated malaria cases. Simi-
larly, individuals with severe malaria also had signifi-
cantly higher parasite count than patients with uncom-
plicated malaria. This study is consistent with previous
reports5, 10. In contrast to the present study, other authors
reported the absence of significant difference in the fre-
quency of parasitic load between severe and uncompli-
cated malaria cases11. However, this finding can be ex-
plained by the fact that in severe falciparum malaria
infection, parasitized erythrocytes at schizont stage are
known to be sequestered in deep tissue capillaries and
may result in low parasite count in the peripheral blood23.
In the present study, the severity of infection with
falciparum malaria may have been greater.

The mechanism by which blood group ‘A’ promote
susceptibility and blood group ‘O’ confers a relative pro-
tective effect against severe malaria is not well under-
stood; however, different studies have done on the basis
of rosette formation. Several reports supported that
blood group A stands for a risk factor for high chance
of rosetting, which is usually characterized by high
P. falciparum parasitaemia during malaria infection and
a reducing effect of blood group ‘O’ on rosetting5, 24–25.
The presence of several glycosylated intracellular adhe-
sion molecules and chondroitin sulfate A26, CD3627 and
Duffy antigen17 in blood group ‘A’ cells promote a high
chance of binding with the rosette-forming surface mol-
ecules of P. falciparum and leads to development of se-
vere malaria.

The present study only employed parasitic load as a
laboratory marker to determine the association of ABO
blood groups and severe malaria. The study also did not
consider factors like hemoglobin S, hemoglobin C, iron
status of the host, place of residence of the study popula-
tion which could affect the nature of P. falciparum infec-
tion among the study population. Nevertheless, the find-
ings indicated that severe malaria is associated with blood
groups and individuals of blood group A, B and AB are
more susceptible to severe malaria infection as compared
with individuals with the blood type O. Further, indepth
studies are needed to clearly assess the role of ABO blood
groups in severe malaria cases to minimize mortality and
morbidity of malaria in endemic areas.
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Abstract

Studies of associations between various cancers and the ABO blood groups have shown elevated relative risks for some
categories of disease. To date, no report has evaluated the relationship between the ABO blood groups and the skin cancers. To
investigate this association, we conducted a retrospective study of premalignant and malignant tumors diagnosed in Turkey. All
tumors were histologically confirmed. Blood information was obtained for 98 individuals with premalignant and malignant skin
tumors, and the distribution of ABO and Rh blood type for cases was compared with that of 419 healthy blood donors from the
same geographic area. Although patients with blood group A were higher, group 0 lower than in controls, the differences were not
significant. The distribution of Rh factor, blood group B and AB among cases and controls also did not differ significantly. We
found a significant relationship between age and skin cancer (p=0.0001). Old patients had 1.238 times higher risk for skin cancer.
Further studies in larger series on blood group antigens are needed to elucidate the relationship between these antigens and skin
cancer.
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Blood group antigens, which are the major alloantigens in humans, are present on the surface of red
blood cells and various epithelial cells. As the majority of human cancers are derived from epithelial
cells, changes in blood group antigens are an important aspect of human tumor [1, 2, 3, 4]. In some
tumors, alteration of ABO/Lewis-related antigens is associated with malignant transformation [5-19].

The relationship with blood groups and incidence, clinicopathologic parameter and prognosis had been
studied in many cancers such as esophagus, cardiac, gastric, lung, laryngeal, hypopharyngeal, salivary
gland, gynecologic, colorectal, pancreatic, bone, urinary bladder, ureter, renal, breast, prostate,
testicular tumors and uveal melanoma [5-19]. Additionally, ABO genes are distributed differently among
socioeconomic groups and we know that socioeconomic status is one of the risk factors for disease [20].
Therefore, we hypothesized that analysis of blood group and related antigens on skin cancers would
provide useful information on the risk factors. To date, no report has evaluated the relationship between
the ABO blood groups and the skin cancers. Thus, a retrospective assessment of the relation between
blood groups and malignant and premalignant skin lesions was performed with a view to start the study
of the genetics of these cancers in Turkey.

 

Material and methods

The study was approved by the Ethics Committee of the Medical Faculty of the University of Mersin. All
the patients and controls accepted blood examination. Ninety eight patients with skin cancer including
23 squamous cell carcinoma (SCC), 42 basal cell carcinoma (BCC), 33 in situ squamous cell carcinoma
(ISCC) and 419 control subjects were enrolled in this study. Control subjects were selected among
healthy people with no history of cardiovascular disease, cancer, chronic degenerative neurologic
disease, chronic obstructive pulmonary disease, hepatitis, allergies in general or alcohol abuse. The
diagnosis of skin cancer was based on dermatopathologic examination. Documentation of clinical
findings included: (a)Gender (b)Age (c)Clinic types of the skin cancer including SCC, BCC and ISCC and (d)
tumor location.

Blood samples were obtained into vacuum tubes containing EDTA (vacutainer, Becton Dickinsen,
Marseilles, France) from each donor's venous circulation. ABO and Rh blood typing were carried out with
tube method and gel method.

Tube method: One drop of anti-A, anti-B, or anti-D (Eryclone, Tulip Diagnostics, Bambolim, India) was
added to the appropriately labeled tube. A 5 percent suspension of red blood cells (RBC) was made in
isotonic saline. 1 drop was added to tubes containing anti-A, anti-B, or anti-D. The contests of the tubes
were mixed thoroughly, and the tubes were centrifuged for 20 seconds at 3400 rpm. Tubes were read
macroscopically for agglutination.

Gel method: A 5 percent RBC suspension was prepared in diluent (modified bromelin solution for red cell
suspensions). Gel cards (Diaclon ID, Diamed AG, Cressier, Switzerland) were used for ABO and Rh typing.
10 µL of RBC suspension was added to the gel microtubes containing anti-A, anti-B, anti-D, and control
reagents, respectively. 50 µL of donor plasma were added to microtubes for reverse ABO group testing.
The ID cards were centrifuged at 895 rpm 10 minutes in the centrifuges ( ID-centrifuge). A positive
reaction (4+) was determined by the formation of a red line on the gel surface, whereas intermediate
reactions were characterized by red agglutinates distributed throughout the gel. With a negative
reaction, a compact button of cells formed on the bottom of the microtube.

Multivariate analysis was carried out by using a logistic regression model [21]. Logistic regression
analysis was chosen to study the predictive value of each risk factor such as sex, age and blood types. P
values < 0.05 were regarded as statistically significant.
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Results

Among 98 subjects with skin cancer, the ABO blood types of A, B, 0 or AB were 45 (% 45), 15 (15 %), 30 (30
%) and 8 (8 %) respectively. For controls, the ABO blood types were 147 (35 %), 66(15 %), 188 (44 %) and
18 (4 %) respectively. The mean age was 53±6 (303 male, 116 female) for controls, and 63±14 (70 male, 28
female) for patients.

Although patients with blood group A were higher, group 0 lower than in controls, the differences were
not significant. In our study, we could not find any significant relationship according to blood types in
total patient group, and also among skin cancer types. (Tables 1-4). The distribution of Rh factor among
cases and controls did not differ significantly. There was no difference in ABO blood group or Rh factor
and tumor location and sex. We found a significant relationship between age and skin cancer (p =
0.0001). Old patients had 1.238 times higher risk for skin cancer.

 

Discussion

Skin cancer is the most common type of cancer in humans. The etiopathogenesis of skin cancers is still
unknown. Exposure to sunlight, particularly ultraviolet B radiation is a strong risk factor associated with
skin cancer development. Other known risk factors include exposure to ionizing radiation, arsenicals,
polyaromatic hydrocarbons, transplantation-associated immunosuppression and psoralen plus
ultraviolet A therapy [22]. The explanation for the association between ABO blood groups and some
special diseases was still unclear. Many reports have shown that blood group antigen expression in
tumor is correlated with metastasis and prognosis [23, 24]. The loss or presence of blood group antigens
can increase cellular motility or facilitate the interaction between tumor cells and the endothelium of
distant organs [25].

In our patients, we did not find any significant association with blood types. Although patients with
blood group A were higher than in controls, there was no statistically significant. Some authors observed
that A blood type was significantly more frequent in patients with laryngeal, hypopharinx, pancreatic,
breast, testicular and bone cancers [9, 10, 13, 14, 16, 18]. To our knowledge, no report has evaluated the
relationship between the ABO blood groups and the skin cancers. Jager et al. observed that no
significant differences in survival or the development of metastases in patients with uveal melanoma
regard to the ABO antigens [19]. ABO blood group genes are map at 9q in which the genetic alteration is
common in many cancers [26]. Thus, ABO blood group antigen expression may be effected by the genetic
change of tumors [22]. On the other hand, it is possible the observed associations are not due to the
blood group antigens themselves, but to the effects of genes closely associated with them. Additionally it
might have nothing to do with molecular mechanisms or genetics. It is merely the result of population
history, environment, diet and customs [22]. In conclusion, our study shows no significant association of
ABO blood groups with skin cancers. Further studies on blood group antigens in larger series are needed
to elucidate the relationship between blood group antigens and skin cancers.
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ABSTRACT 

Background: The word 'Prakriti' means 'nature' and this reflects the natural state of human beings on an anatomical, physiological, 

and psychological level. Prakriti or Constitution is an important concept of Ayurved. Maintenance of health, prevention of disease, 

achieving longevity & treatment of diseases depends on this fundamental theory of understanding human being. Ayurveda considers 

Vata, Pitta and Kapha or Tridoshas (Ayurvedic biological constituents) as main determinants of human prakriti. Ayurveda classifies 

entire human population into seven constitutional types (Prakriti), based on the dominance of any single or a combination of two or 

three Doshas The present study was carried out to study the  relation between blood groups (A B O system) varied in the 

different prakriti subtypes was studied. 

Aims: To study the Relation between prakriti & blood group.  

Objectives of the Study: 1)To study the prakriti  with the subjective parameters mentioned in the Text in Ayurvedic Students.2)To 

study the blood group of each student .3) To study the Relation between prakriti & blood group.  

Material & method: After obtaining Institutional Ethics Committee permission, normal healthy individuals of either sex between the 

age group 17 to 22 years were recruited in the study. Their prakriti evaluation was done using a standardized validated questionnaire 

1) Assessment of Prakriti  among the Volunteers.2) Assessment of Blood Group. 

Result: It was seen that Vata Prakriti was associated with blood group A, Pitta Prakriti  was associated with blood group O and Kapha 

Prakriti  was associated with blood group B. 

Conclusion:  Association was found between Prakriti and Blood group in some extent. 

Keywords:  Prakriti, Blood groups, Tridosha, Vata, Pitta, Kapha. 

 

INTRODUCTION 

The word 'Prakriti' means 'nature' and this reflects the natural 

state of human beings on an physical, physiological, and 

psychological level. The concept is claimed to be useful in 

predicting an individual’s susceptibility to a particular disease, 

prognosis of that illness and selection of therapy
1-3

. Ayurveda 

attributes these constitutional characteristics of an individual 

to the preponderance of certain “doshas”. Three main doshas 

are described, viz. vata, pitta and kapha. Kapha dosha is the 

“anabolic”, synthetic dosha, responsible for growth and 

maintenance of structure . The pitta dosha is the one 

responsible for metabolism, including digestion in the gut, and 

cellular or sub-cellular metabolism
2
. Vata dosha is responsible 

for movement (muscular, nervous energy etc.). Based on the 

predominance of individual doshas, there are three major types 

of prakriti named after predominant dosha, viz., vata, pitta and 

kapha. The prakriti is believed to be determined at the time of 

conception and is influenced by the milieu interior of the 

womb and the dietary habits and lifestyle of the mother
3
. 

These prakritis exhibit attributes of the dominant Dosha in 

physical, physiological and psychological characteristics. The 

disturbance in equilibrium of these doshas can lead to disease 

according to the prakriti of the person for example; a pitta 

prakriti person is described to be more prone to peptic ulcers, 

hypertension, and skin diseases, a vata prakriti person to 

backache, joint aches and crackling joints while individuals 

with kapha prakriti are prone to obesity, diabetes and 

atherosclerosis
1-6

 . Since prakriti has been described to have 

genetic origin in Ayurvedic texts
3
.  

There is certain relation between  parents and inborn child in 

blood grouping. The heredity gene is directly concern with the 

inborn child’s metabolic pattern too. The inborn metabolic 

pattern of an individual is the continuation of metabolic 
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pattern of the parents. So these relations according to modern 

discovery are due to gene. But around thousands of years ago 

no word called “gene was used. In fact the pitrij bhav 

(Father’s character) an matrij bhav (Matrij character) refer to 

gene XX and XY, it is not so direct but pointing towards these 

genes. Still re discovery of prakriti is not there in modern 

techniques
5
. 

A blood type (also called a blood group) is a classification of 

blood based on the presence or absence of inherited antigenic 

substances on the surface of red blood cells (RBCs). These 

antigens may be proteins, carbohydrates, glycoproteins, or 

glycolipids, depending on the blood group system. Some of 

these antigens are also present on the surface of other types of 

cells of various tissues. The blood type (or blood group) 

depends on the types that are been passed down to you from 

your parents. So Blood group & Prakriti both are inborn, 

constant in nature, &  there are no change .On the basis of this 

,we studied the Relation between prakriti & blood group 

among   Ayurvedic  students. 

Aims  

To study the Relation between  prakriti & blood group among 

Ayurvedic   students. 

Objectives of the Study 

1) To study the prakriti with the subjective parameters 

mentioned in the Text in Ayurvedic Students  

2) To study the variability of blood group of each student 

3) To study the Relation between prakriti & blood group 

Among   Ayurvedic  students 

MATERIALS AND METHODS 

100 randomly selected clinically healthy volunteers belonging 

to the Single constitutional types were studied for the 

variability of Blood Group. 

Observational cross sectional study was conducted among first 

year ayurvedic students at Mahatma Gandhi Ayurvedic 

College and research centre, Salod (H), Wardha. Study was 

conducted from April 2014 to March 2015. All the 100 

Healthy Students between 17 to 22 year age group were 

selected for the study. 

Approval was taken from the Institutional ethics committee 

(Datta Meghe Institute of Medical sciences, DU, Wardha) on 

5.3.2014 with Ref.No. DMIMS (DU)/IEC/2013-14/565. 

Informed written consent was taken from the study subjects. 

Students were interviewed by predesigned questionnaire that 

contains the information about Prakriti and blood groups were 

determined by tile agglutination method, by using 

commercially available Antiserum A and Antiserum B (Tulip 

Diagnostics (p) Ltd).  

Assessment Criteria 

1) Assessment of Prakriti among the Volunteers- Preparation 

of the Questionnaire 

The Prakriti (constitution) was determined according to the 

description given in Ayurvedic Text Books viz. the Charak 

Samhita (1), Sushrut Samhita (2) and Sartha Vagbhatta (3). 

For the study, the prakriti of each volunteer was assessed 

using the validated questionnaire.  It was further confirmed by 

an Ayurvedic physician to assess various physical, 

physiological and psychological characters as described in 

Ayurvedic texts
5
. The subjects were given a proforma which 

contained subjective and objective parameters. The subjective 

parameters were of psychological and physiological types and 

the objective parameters were of physical and physiological 

types. More importance was given to the objective parameters 

than the subjective ones. 

These volunteers were enrolled in the study only after 

undergoing the clinical examination and being declared 

clinically healthy and physically fit. A written consent was 

obtained from them to participate in the study. These 100 

volunteers were then subjected to some simple experiments in 

the human physiology laboratory of the department of Kriya 

Sharir as described in the following paragraphs. 

2) Assessment of Blood Group:  

Blood group was also determine with a kit from Sera 

Eryclone, manufactured by Tulip Diagnostics (P) Ltd. Blood 

is drawn from by capillary method. The test to determine your 

blood group is called ABO typing. Blood sample is mixed 

with antibodies against type A and B blood, and the sample 

was checked to see whether or not the blood cells stick 

together (agglutinate). If blood cells stick together, it means 

the blood reacted with one of the antibodies. 

OBSERVATIONS AND RESULTS 

The correlation between the Prakriti and the blood groups was 

studied. It was seen that Vata Prakriti was associated with 

blood group A, Pitta Prakriti  was associated with blood group 

O and Kapha Prakriti  was associated with blood group B. 

Blood group AB could not be associated with any Doshas 

(Ayurvedic Biological Constituents) probably because of its 

small sample size. 

 

Table: Association between blood groups and the Prakriti 

Blood Group Vata Pitta Kapha Total 

A 10 4 5 19 

B 6 8 13 27 

AB 1 7 5 13 

O 6 25 10 41 

Total 23 44 33 100 

 

We found that the number of Pitta predominant persons was 

maximum and that of vata predominant was minimum. Out of 

100 subjects, 23 % were Vata predominant, Pitta predominant 

were  44 % and Kapha predominant were  33%.  

DISCUSSION 

Many research workers have tried to find out Prakriti 

(Ayurvedic constitution) of different groups of people. Some 
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have tried to find out association between Prakriti (Ayurvedic 

constitution) and different diseases. Some research workers 

have studied association between psychological inclinations 

and Prakriti (Ayurvedic constitution). Some have tried to find 

out whether parameters of Prakriti (Ayurvedic constitution) 

can be helpful in doing differential diagnosis of different 

diseases without taking help of pathological investigations
7-8

. 

The present study was designed to find out whether there is 

any correlation between Tridoshas (Ayurvedic biological 

constituents) and blood groups. 

Studies conducted by Dr. Mrs. Purandare V R “Correlation 

Between ABO Blood Groups And Tridoshas (Ayurvedic 

Biological Constituents)”in 447 volunteers, the  significant 

correlation was found. Kapha (Ayurvedic biological 

constituent) was found to be correlated with blood group A, 

Pitta (Ayurvedic biological constituent) was correlated with 

blood group B and Vata (Ayurvedic biological constituent) 

was correlated with blood group O
9
. 

Dr. Gaikwad, Tilak Ayurved Mahavidyalaya, Pune. tried to 

find out relation between blood group & constitution. 500 

volunteers kapha constitution people have tendency to be ‘B’ 

positive blood groups, Pitta constitution people have tendency 

of ‘O’ positive blood Groups, Vata constitution people have 

tendency of ‘A’ positive blood groups. 

Dr. Mohinder Pal Singh studied ratio between Kapha pradhan 

prakruti & blood group with resct to sex in Bharati Vidyapeeth 

University, Pune. The correlation was found that Kapha 

biotype male patient have predominantly B positive blood 

group & Kapha biotype female patient have predominantly O 

positive blood group. 

Dr.Supriya Bhalerao studied prakriti (Ayurvedic concept of 

constitution) and variations in platelet aggregation. The 

findings of study however can have implications with respect 

to pharmacogenomics & study of dose-response relationships. 

These findings can also prove useful for the randomization in 

clinical trial design, as randomization would be best within the 

specific prakriti or dosha predominant sub-groups than across 

an aggregated population
10

. 

In the present study correlation between Prakriti (Ayurvedic 

Biological Constituents) and blood groups was found, Blood 

group A with Vata predominance, Blood group B with kapha 

predominance, Blood group O with Pitta predominance & 

Blood group AB could not be correlated with any Prakriti 

probably because of its small sample size.  

CONCLUSION 

In the present study, an attempt has been made to associate A 

B O blood groups with the Prakriti predominant Doshas. We 

got association between group A and vata, group O with Pitta 

and B with Kapha. As there is association between the blood 

groups and Prakriti . Blood groups are genetic markers; the 

association may be further extended to use Prakriti   for 

genetic study. A large sample size is necessary for the 

derivation of positive conclusion.                    
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