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Abstract: Karl Landsteiner and Wiener discovered Rhesus (Rh) system in the year 1940. Due to its 

immunogenicity along with A, B antigens, Rh D antigen testing was made mandatory in pre-transfusion testing. 

Presently there are more than 50 antigens in Rh blood group system but major ones are D, C, E, c, and e. The 

most important irregular red blood cell alloantibodies in daily transfusion practice are directed towards the 

Rh(antiD, -C, -E, -c and -e), KEL Therefore it is important to match the rare antigens before issuing blood so as 

to prevent complications. Our study aims to find out the Rh phenotype among the voluntary blood donors of 

Uttarakhand.This is a prospective cross-sectional study was carried out on 500 healthy voluntary blood donors 

from January 2016 to July 2017 at our blood bank. Donors were grouped and typed for ABO and Rh major 

antigens using monoclonal blood grouping reagents and statistical analysis was carried out. A total of 500 

blood samples from voluntary blood donors were phenotyped. Among Rh antigens, Rhe was the most common 

antigen (98.2%), followed by RhD-94.2%, RhC-88.6%, Rhc-54.8% and RhE-18.6% with DCe/DCe (36.2%) 

being the most common phenotype and the least common phenotype is dce/dce and dCE/dCE (0.2%). Database 

for antigen frequency of Rh blood group system in local donors helps to provide antigen negative blood to 

patients and thereby improve blood safety. 
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I. Introduction 
Blood transfusion is an important part of supportive care in every hospital. The blood transfusion 

services aim to ensure adequate and safe blood to minimize the transmission of transfusion associated infections 

and development of transfusion reactions.  

The credit of safe blood transfusion goes to discovery of ABO blood group system by Karl Landsteiner 

in 1900-1901and  later on the discovery of RhD blood groups in association with Alexander S Weiner after 30 

years 
1
. Today at least 33 blood group systems and more than 600 different blood group antigens are known

2
. 

But, ABO and Rh systems are the most widely used and the clinically most significant blood group systems. 

Out of all the 58 Rh antigens, 5 main Rh red cell antigens D, C, c, E, and e which causes clinically most 

significant transfusion complications are determined
3
. After anti-D Rh antibodies, the most commonly found 

antibody in the sera of allo-immunized individuals are anti-E > anti-c > anti-e > anti-C
4
. The aim of this study is 

to find the prevalence of these important Rh antigens in the population of Uttrakhand, a small hilly state of 

northern India, so that the feasibility of providing antigen compatible blood to those needy patients can be 

worked out. It will also help in reducing the time lag in providing immunologically safe blood to such 

recipients. Few studies are available from North India, this would be first of its kind in Uttarakhand region. 

 

II. Material and method 
        This study was conducted in the blood bank of a tertiary care hospital Shri Mahant Indiresh 

Hospital(SMIH) Dehradun of Uttarakhand. This was a prospective study conducted over a period of two years 

from June 2015 to June 2017. The study included 500 healthy donors from in-house as well as the donors who 

donated blood in various blood donation camps conducted by the blood bank.  

Study Design: Prospective  study 

Study Location: This was a tertiary care teaching hospital based study done in blood bank of  Shri Mahant 

Indiresh Hospital under the department of pathology Shri Guru Ram Rai Institute of  Medical and Health 

Sciences Dehradun Uttrakhnad.  

Study Duration: June 2015 to June 2017 
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Sample size: 500 voluntary blood donors. 

Sample size calculation: Blood bank of shri Mahant Indiresh Hospital collects about 10,000 units of blood 

annually from voluntary blood donors in house or by holding voluntary blood donation camps. Out of 20,000 

donors 500 sample were selected randomly for study. 

Subjects & selection method: The study population was drawn from about 20,000 voluntary blood donors 

attended the in house or voluntary blood donation camps organized by the SMI Hospital from June 2015 to June 

2017. Five hundred sample were randomly selected for studding the Rh phenotyping. 

 

Inclusion criteria: 

1. Voluntary blood donors 

2. Either sex 

3. Aged 18 - 60 years, 

4. Weight > 45 Kg 

5. Haemoglobin > 12.5gm% 

6. Afebrile and pulse rate 70-100/minute 

7. Blood pressure - normotensive 

8. Time interval between two donations at least 12 weeks.  
 

Exclusion criteria: 

1. Pregnant women; 

2. Positive history (H/O) of jaundice in the past 

3. Positive history of epilepsy,  

4. H/O allergic condition,  

5. H/O unexplained weight loss or sexually transmitted disease (STDs) 

6. H/O tuberculosis, hypertension, diabetes, malignant disease 

7. H/O long term fever or typhoid in the past 1year  or ,malaria in the past 6 months 

8. H/O surgeries in past 6 months 

9. H/O  recent drug intake in last 72 hrs 

10. H/O of any recent blood or blood component transfusion in the past 6 months 

11. H/O abnormal bleeding tendencies or blood coagulation disorders like haemophilia 

12.H/O taking anti- arrhythmic drugs, anticonvulsants, anticoagulants, anti-thyroid drugs, digitalis, 

immunosuppressant, sedatives or tranquilizers in high doses, vasodilators etc.  

 

Procedure methodology : 

After written informed consent obtained for voluntary blood donation , a well-designed questionnaire 

was used to collect all the required information. Donor selection is strictly based on standard donor selection 

criteria which include brief medical history, limited physical examination and simple laboratory tests. Donor’s 

age ranges from 18 to 60 years, weight >45 kg, Hb>12.5 gm/dl, afebrile, pulse rate 70-100/minute, 

normotensive and a time interval between two donations at least 12 weeks. Persons with history of jaundice or 

hepatitis in the past, epilepsy, allergic condition, unexplained weight loss, sexually transmitted disease (STDs), 

tuberculosis, hypertension, diabetes, malignant disease, long term fever or typhoid in the past 1year,malaria in 

the past 6 months, surgeries in past 6 months, recent drug intake in last 72 hrs, any recent blood or blood 

component transfusion in the past 6 months; were excluded along with permanent deferral of donors with 

abnormal bleeding tendencies or blood coagulation disorders like haemophilia, donors on anti-arrhythmic drugs, 

anticonvulsants, anticoagulants, anti-thyroid drugs, digitalis, immunosuppressant, sedatives or tranquilizers in 

high doses, vasodilators etc. Weight, pulse rate, blood pressure  and oral temperature were determined 

appropriately . Hb was measured by finger prick on ‘ Hemocue’ haemoglobinometer . 

In the laboratory ABO blood groups were determined by forward and reverse blood grouping using 

blood group sera from Orthodiagnostics.The Rh blood grouping of blood donors were determined  by test tube 

method using antisera RhD, Rhc, RhC, RhE and Rhe from Tulip. Agglutination is indicative of a positive test 

result and confirms the presence of C or c or E and / or e antigen in donor serum.. No agglutination means a 

negative test result and indicated the absence of C or c or E and / or e antigen.  

 

Statistical analysis:  

        Statistical analysis was carried out using SPSS version 16.Descriptive statistics for categorical variable 

were performed computing the frequencies (percentages) in each category. Chi-square test was performed 

wherever required. 
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III. Results 
Maximum number of blood donors were in 18-25 years of age-group accounting for 399/500 (79.8 %), followed 

by 26-35 years 51/500(10.2%), 36-45 years 38/500 (7.6%) and ≥46 years of age12/500 (2.4 %). Four hundred 

and forty one. (88.2 %) were males and 59 (11.8%) were females (Table 1). 

 

Table 1: Showing the age and sex distribution of donors (N=500) 
Age Group frequency in years Male Female Total number of blood donors 

18-25 350 49 399 

26-35 45 6 51 

36-45 35 3 38 

≥ 46 11 1 12 

TOTAL 441 59 500 

 

ABO blood group frequency pattern was as follows B>O>A>AB. The commonest B group 

contributing 36.2% followed by O (29%), A (24.8%) and AB (10%) respectively. Rh antigen frequency 

pattern was as follows Rhe>RhD>RhC>Rhc>RhE. The commonest Rh antigen was ‘Rhe’ contributing 98.2% 

followed by RhD (94.2%), RhC (88.6%), Rhc (54.8%) and RhE (18.6%) respectively (Table 2). 

 

Table 2: Distribution of various Rh antigens in the donor population. 

Rh antigens Number of blood donors (N=500) 
Percentage 

(%) 

D 471 94.2 

C 444 88.6 

c 273 54.8 

E 93 18.6 

e 491 98.2 

 

Rh antigen ‘e’ had the maximum frequency in both genders (98.2%) while ‘E’ showed the minimum 

frequency (18.6 %). Rh antigen frequency pattern was e>D>C>c>E in both males and females. 

In RhD positive donors the most common phenotype was DCCee which had 36.2% incidence rate and 

DCe/DCe was the most common genotype. In RhD negative donors, the most common phenotype was dCcee 

with the prevalance rate of 2.6% and dCe/dce was the most common genotype (Table 3). 

 

Table 3: Showing incidence of phenotypes and genotypes of various Rh antigen in donor population. 

 

 

 

 

D C C E e Phenotype 
Incidence 

(N=500) 

Incidence 

(%) 
Most probable genotype 

+ + - - + DCCee 181 36.2% DCe/DCe 

+ + + - + DCcee 162 32.4% DCe /Dce 

+ - + - + Dccee 41 8.2% Dce/Dce 

+ + + + + DCcEe 37 7.4% DCe /DcE 

+ + - + + DCCEe 31 6.2% DCe/ DCE 

+ - + + + DccEe 11 2.2% DcE/Dce 

+ - + + - DccEE 03 0.6% DcE/DcE 

+ + + + - DCcEE 03 0.6% DcE/DCE 

+ + - + - DCCEE 02 0.4% DCE/DCE 

- + + - + dCcee 13 2.6% dCe/dce 

- + - - + dCCee 09 1.8% dCe/dCe 

- + - + + dCCEe 03 0.6% dCe/dCE 

- + + + + dCcEe 02 0.4% dCE/dCe/dcE/dce 

- + - - + dCCEE 01 0.2% dCE/dCE 

- - + - + dccee 01 0.2% dce/dce 

- - + + + dccEe Nil  dce/dcE 

- - + + - dccEE Nil  dcE/dcE 

- + + + - dCcEE Nil  dcE/dCE 
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IV. Discussion 
Karl Landsteiner’s discovery of ABO blood group system opened the door to the birth of a wide 

spectrum of discoveries in the field of immunohaematology. After the ABO system, the Rh system is regarded 

as the second most important blood group system because of its association with hemolytic transfusion 

reactions and hemolytic disease of the new born. 

During the study, most common age group  blood donors was 18-25 years contributing about 79.8 % 

(399/500) of the total blood donors. It was followed by 26-35, 36-45 and ≥46 years of age group contributing 

10.20 % (51/500), 7.60 % (38/500) and 2.4 % (12/500) of the total donors respectively. In a study by Patel et 

al. about 51.9 % (2764/5316) of blood donors belonged to 31- 40 years of age group 
5
. Kotwal et al. also 

reported that 89.09% donors were below 40 years of age with mean age of 29.87 years
6
. In a study done in 

Pakistan by Karim et al. the median age of donors was 35 years
7
. This is due to fact that the younger age 

groups are main strength of any society and many blood donation camps are organised in educational 

institutions. Moreover, younger people have greater awareness, are more fit and therefore, less number of 

deferrals. So, they are the most common age group encountered for donating blood. Demographic variation also 

plays an important role eg, in India most of the population is young as compared to that in Japan where the 

major population belongs to older age group.  

In our study, the commonest blood group was ‘B’ contributing 36.2 % (181/500) followed by blood 

groups ‘O’, ‘A’ and ‘AB’. Blood group ‘O’ was found in 29% (145/500), ‘A’ in 24.8% (124/500) and ‘AB’ in 

10% (50/500) of the total 500 donors included. In studies from various parts of India, like by Patel et al., 

Aggarwal et al., Garg et al., Sarkar et al. and Itgappa et al. blood group ‘B’ was found to be the commonest 
5,8-11

. Karim et al. from Pakistan documented that blood group O was the most common accounting for 37% 

followed by B, A and AB comprising of 31%, 21% and 11% respectively 
7
. This may be because of 

geographical variation. 

In the present study frequency of Rhe antigen was the highest accounting to 98.2% (491/500) in the 

study population (Table 2). High frequency of Rhe antigen is seen in most of the population of the world 

including whites and blacks accounting to approximately 98% 
12

. Aggarwal et al., Garg et al., Sarkar et al. 

and Thakral et al. reported similar frequency of Rhe antigen 
8-10, 13

 Sharma et al. from Central India also 

documented the incidence of Rhe as 78.5%
14

. 

The overall positivity of Rh D antigen was 94.2% (471/500) while RhD negative blood group 

accounted for 5.8% (29/500) of the total donors (Table No. 2). Most of the studies in India showed the Rh 

positivity within the range of 85- 99%. Aggarwal et al., Thakral et al., Sharma et al. documented RhD 

positivity more or less similar to our study i.e. 94.36%, 84.76% and 91.6% respectively [8, 13, 14]. The 

prevalence of RhD antigen has a huge variation in the world ranging from 60% to 99%. In people of Japan and 

Myanmar, Rh D has the highest incidence accounting for 99-100% while it is minimum in the population of 

Southern France and Northern Spain which ranges from 60-80% 
10

. In Pakistan, Karim et al. reported 97% 

RhD positive donors
7
 while in Bangladesh it was 94.6% as reported by Shil et al

15
. 

RhE is the least common Rhesus antigen worldwide. In the present study prevalance of RhE is 18.6% 

(93/500) (Table No. 2) which is in concordance to other studies from the rest of India Thakral et al., Sharma et 

al. and Sarkar et al. reported the incidence of RhE antigen as 17.9%, 25.6% and 26.55% respectively 
10,13, 14,

. 

Prevalance of RhC antigen in this study was 88.6% (444/500) (Table No. 2) which is in concordance to 

other studies reported from Pakistan (87%), India (89.5%) and China (93%) 
7
. 

Prevalance of Rhc varies among different population of the world. In the present study its incidence is 

54.8% (Table No. 2). In studies from Asia its incidence is reported as 52.8%, 57%
17

. In people of Africa and 

Europe it occurs in a frequency of 96% and 80% respectively 
12

. 

Garg et al. reported that the most common Rh antigen was Rhe (98.7%) which was followed by RhD 

(93.8%), RhC (91.8%), Rhc (55.2%) and RhE (21.1%) which were more or less similar to the present study 
9
. 

Gundrajukuppam et al., Thakral et al. also documented the frequency of Rh antigen as follows 

Rhe>RhD>RhC>Rhc>RhE which was in concordance to our study 
4,13

. In Pakistan Karim et al. reported that 

the most common Rh antigen was e [99%] followed by D [97%], C [87%], c [57%] and E [19%] which was 

similar to the present study
7
. 

Phenotype was computed of the study subjects depending upon the expression of different Rh antigens. 

The most common phenotype was DCCee accounting for 36.2% (181/500) of total and the least common was 

DCCEE comprising 0.4% (2/500) among RhD positive subjects. dCcee (2.6%) was the most common and dccee 

(0.2%) was the least common among Rh negative donors [Table no. 3]. Most common phenotype reported in 

whites was DCCee - 42% while it was Dccee – 44%in black. The results found in the present study was in 

concordance to the studies carried out in different parts of India as well as other parts of Asia.  Thakral et al., 

Garg et al. from northern India, Sharma et al., from central India, Kahar et al. and Gundrajukuppam et al., 

from the Southern part of India reported that DCe/DCe was the most common genotype which is similar to the 
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present study 
4, 9,13,14,16

. In Pakistan, Karim et al. documented that DCe/DCe was the most common phenotype 

which is similar to the present study 
7
. 

 

V. Conclusion 
The study has a significant implication regarding the management of blood bank and transfusion 

services in this area. Knowledge of ABO and Rh blood group distribution is also important for clinical studies, 

for reliable geographical information and for forensic studies in the population. Multiple transfusions may 

develop alloantibody against some of the rare antigens (CcEe and kell). The most important irregular red blood 

cell alloantibodies in daily transfusion practice, in terms of frequency of occurrence, are directed towards the 

RH (anti-D, -C, -E, -c and -e), KEL. These irregular allo-antibodies can cause immunogenic haemolytic 

reactions following the subsequent transfusions. Therefore it is important to properly match the Rh antigens 

before issuing of the blood. Antigen typing of the various blood group systems will help in preparation of 

indigenous screening cell preparation and identification panels. Antigen phenotype frequencies and awareness 

of incidence of irregular antibodies in a given population is helpful in creating a blood donor data base which 

not only provides data about the availability of human blood in case of regional calamities, but is also helpful 

for preparation of indigenous cell panels, and also providing the compatible and safe blood to the needy 

patients. 
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