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Abstract

Background: Red cell alloimmunization poses a challenge in multiply transfused patients, especially in
the developing countries, where blood transfusion medicine is still at its rudimentary stages. This leads
to  blood transfusion  reactions  and suboptimal  improvement  of  hemoglobin  concentration  following
blood transfusion. Understudying the distribution of the clinically significant red cell antigens amongst
blood donors may give an insight for mitigating blood transfusion reactions in the multiply transfused
patients.

Aim: To determine the distribution of some clinically significant red cell antigens in blood donors so as
to aid development of local red cell panels for antibody screening of multiply transfused patients.

Methods:  This was a cross-sectional descriptive study where consenting blood group O donors were
recruited  and  their  red  cells  tested  for  K,  C,c,E,e,JKa,JKb,Fya  following  the  manufacturers’  protocol
(QUOTIENT). AHG was used for testing for FYa antigen. Descriptive statistics were used to summarize
demographic characteristics. P value of < 0.05 was statistically significant.

Results:  A total of 68 donors were recruited for the study. Majority were males 60 (88.2%) and 44
(64.7%) were less than 30 years of age. The most prevalent red cell antigen was c (100%), followed by e
67 (98.5%). About a quarter had C 18 (26.5%) and E 17 (25.0%), while only 2(2.9%) donors had Fya.
None of the donors had KEL1, JKa,and JKb antigens. There was no statistically significant association
between gender and red cell antigen distribution.

Conclusion:  This study shows a varied distribution of clinically significant red cell antigens in blood
donors in Nigeria. There is need for more broad based and extensive red cell phenotyping studies to
boost the information on red blood cell antigen expression obtained from this study. This will help in
developing a local reagent red cell panel for antibody screening and identification especially for these
multiply transfused patients, hence reducing hemolytic blood transfusion reactions by ensuring these
patients are given appropriately matched blood.
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1 Introduction

Blood transfusion is a key component of modern medical practice and is especially important in the
management of patients with chronic anemias, hemoglobinopathies, and cancers who often require
multiple transfusions [1]. Compatibility between the donor and recipient blood, which is determined
by blood group antigens, is the bedrock of effective and safe blood transfusion [2]. Blood group anti-
gens are crucial in transfusion and transplantation medicine as well as the management of hemolytic
disease of the fetus and newborn (HDFN)  [3]. There is remarkable variation in the distribution of
these antigens across different populations as a result of genetic diversity [3].

The distribution of ABO and Rh blood group antigens has been partly studied in Nigeria [3,4]. Apart
from the ABO and Rhesus D (Rh) blood group systems which are well-known and routinely investig-
ated,  [3,4] many  other  clinically  significant  blood  group  antigens  can  elicit  immune  responses,
leading to complications such as alloimmunization,  especially  in multiply transfused patients  [5].
Hemolytic  transfusion  reactions  (HTRs),  which  are  potentially  life-threatening  conditions,  and
hemolytic disease of the fetus and newborn (HDFN) are possible sequelae of alloimmunization  [5].
Furthermore, future transfusions can become complicated by alloimmunization and this reduces the
availability  of  compatible  blood,  thereby  necessitating  the  need  for  extended  antigen  matching
beyond the ABO and Rh systems [3]. These less commonly discussed but important antigens include
Kell blood group antigens (K and k), the Duffy blood group antigens (Fya and Fyb), the Kidd blood
group antigens (Jka and Jkb) and the MNS blood group antigens (M, N, S, and s)

The Rh D antigen has been found to be the most immunogenic antigen of the Rh blood group system,
followed by the c antigen and have been found to cause hemolytic transfusion reaction and hemolytic
disease of the newborn [6]

A study conducted at  Addis  –  Ababa showed that  the  antigen frequencies  of  minor  blood group
systems were: Fy(a), Fy(b), Jk(a), Jk(b), k, S, s were 33.5%, 43.5%, 97.7%, 40.4%, 100%, 45%, 90%,
respectively [7], while that carried out by Adewoyin et al. showed the prevalence of the Rh antigens in
the Nigerian population to be: D (92.7%), C (20.5%), c (97.7%), E(19.5%), and e (97.4%) [8]

There is paucity of data on the distribution of other clinically significant blood group antigens among
blood  donors  in  Nigeria,  a  country  characterized  by  diverse  ethnic  groups.  Understanding  the
distribution of these non-ABO and Rh D blood group antigens in a donor population is crucial for the
development of  effective antibody screening strategies and for  enhancing transfusion safety.  This
pilot study therefore aims to determine the distribution of some of these clinically significant non-
ABO and Rh D blood group antigens among blood donors at a Nigerian Teaching Hospital. This can
help to develop targeted red cell  panels for antibody screening especially for multiply transfused
patients who are at higher risk for alloimmunization.

2 Methods

Study site:  The study was  conducted at  the  blood bank of  Nnamdi  Azikiwe University  Teaching
Hospital, Nnewi, Anambra State.

Study design: This was a cross sectional descriptive study where consenting blood group O donors
were recruited. A convenience sampling technique was employed for this study. Data obtained from
the  donors  were  demographic  variables  like  age  and  sex.  Their  red  cells  were  tested  for  KEL1,
C,c,E,e,JKa,JKb,Fya  using  their  corresponding  antisera  following  the  manufacturers’  protocol
(QUOTIENT). The D antigen was not tested. Antihuman globulin (AHG) was used for testing for FYa
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antigen. The presence or absence of agglutination in any combinations of the reactions was used to
identify the blood groups.

Sample size calculation: An average of 100 blood donors were attended to in the facility in a month
period. This was used as population of the study to calculate sample size. The minimum sample size
was calculated using the Cochran formula for sample size in sampling for proportions:[7]

(1)

where  is the minimum sample size,  is the standard normal deviate at the 95% confidence level
(1.96),  is the expected proportion (0.195),  (0.805) and  is the absolute precision (0.05).
Therefore

Cochran’s correction for a small population was applied (since the sample size was more than 5% of
the population) [7]:

(2)

where  is the adjusted sample size for a small population,  is the minimum sample size calculated
above and  is the population size (100). Therefore

Calculated minimum sample size for studying the blood donors was 71

Consenting participants were consecutively enrolled into the study.

Ethical Considerations: Ethical approval was obtained from the health research ethics committee of
the Nnamdi Azikiwe University Teaching Hospital,  Nnewi with approval  number:  NAUTH/CS/66/
VOL.17/VER/156/2024/125. All the study participants gave their consent to participate in the study.

Inclusion criteria: all donors that met the criteria for blood donation and gave consent to participate
in the study

Exclusion Criteria: Those that did not give consent

Data  analysis:  data  was  collected  using  an  excel  sheet.  Data  were  analysed  using  descriptive
statistics and presented as frequencies and percentages. The 95% confidence intervals (CIs) for red
cell  phenotype proportions  were  calculated using  the  exact  binomial  (Clopper–Pearson)  method.
Statistical significance was considered at p < 0.05 where applicable.

3 Results

A total of 68 donors were recruited for the study. The mean age of the study participants was 30.6 ±
9.9. Majority of them were males 60 (88.2%) and 44 (64.7%) were less than 30 years old. The most
prevalent red cell  antigen was c  (100%),  followed by e antigen 67 (98.5).  Only one of  the blood
donors lacked the e antigen. About a quarter had C 18 (26.5) and E 17 (25.0), while only 2(2.9%)
donors had Fya. None of the donors had KEL1, JKa, and JKb antigens. (Tables 1 and 2). Figure 1 shows
a pictorial representation of the distribution of red cell antigens in the study population.
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Amongst the quarter of the study participants that possessed the C antigen, 15 (25.0) of them were
males,  and there was no statistically significant association between the red cell  phenotypes and
gender for the C antigen (p=0.428). None of the female donors had the Fya antigen when compared to
the males, but this was not statistically significant. (p=1.000). There was an equal distribution across
both genders for the other red cell antigens, but these were not statistically significant as seen in
table 3. (p=1.000, 1.000) respectively.

Table 1. Sociodemographic characteristics of the study participants.

Age group n (%)

<30 44 (64.7)

31 – 40 12 (17.6)

41 – 50 9 (13.2)

51 – 60 3 (4.4)

Mean ± SD 30.6 ± 9.9

Range 20 – 60

Sex

Male 60 (88.2)

Female 8 (11.8)

Table 2. Distribution of extended red cell phenotypes among the study participants (n = 68).

RBC extended phenotype Frequency (n) Percentage (%) 95% CI (%)

KEL1 0(0.0%) 0.0–5.3

C 18(26.5%) 16.4-38.6

c 68(100%) 94.7-100

E 17(25%) 15.3-36.9

e 67(98.5%) 92.1-100.0

JKa 0(0.0%) 0.0-5.3

JKb 0(0.0%) 0.0-5.3

FYa 2(2.9%) 0.4-10.2
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Figure 1. Distribution of red cell phenotypes in the study population.

Table 3. Comparison of red cell antigen phenotypes between male and female donors.

RBC extended phenotype distribution Male

n = 60

Female

n = 8

p value

KEL1 0 (0.0%) 0 (0.0%)

C 15 (25.0%) 3 (37.5%) 0.428

c 60 (100.0%) 8 (100.0%) NA

E 15 (25.0%) 2 (25.0%) 1.000

e 59 (98.3%) 8 (100.0%) 1.000

Jka 0 (0.0%) 0 (0.0%)

Jkb 0 (0.0%) 0 (0.0%)

Fya 2 (3.3%) 0 (0.0%) 1.000

Note: Fisher’s exact test. NA = not applicable.

4 Discussion

Blood  transfusion  remains  a  vital  aspect  of  patient  care.  Devising  a  means  of  reducing  red  cell
alloimmunization  amongst  multiply  transfused  patients  is  very  crucial  so  that  the  patients  may
benefit maximally from transfused blood.

The Rh system is highly immunogenic and comprises of 5 major antigens: D,C, E, c, e. Rh positive or
Rh negative is used to report the presence or absence of the D antigen. Clinically significant red cell
antibodies  are  antibodies  that  are  associated  with  hemolytic  disease  of  the  newborn,  hemolytic
transfusion reaction, which result in reduced red cell survival. Anti D is the most common cause of
hemolytic  disease  of  the  newborn  followed  by  anti  c,  which  is  the  clinically  most  important  Rh
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antigen after D [6]. It is therefore very essential to pay attention to the medical history of patients as
it pertains to blood transfusion, pregnancies etc, before doing antibody identification test.

The findings of this study show a varied distribution of clinically significant red cell antigens in blood
donors within a setting in Nigeria. Among 68 donors that were recruited in the research, the most
prevalent red cell antigen was c, which was seen in all those tested, followed by e (98.5%). This study
is similar to the study performed by Adewoyin et al. [8] in the south western part of Nigeria who re-
ported that  the  prevalence  of  c  and e  antigens  were  97.7% and 97.4%of  their  study population
respectively.  Considering  the  high immunogenicity  of  c,  the  high prevalence  of  c  becomes highly
beneficial as it markedly reduces the risk of alloimmunization in the general public. About a quarter
of the study population were positive of C and E antigens. This poses a high risk of alloimmunization
with  these  antigens  because  while  up  to  a  quarter  of  the  population  had  the  antigen,  a  larger
population lack the antigen putting them at risk of  alloimmunization.  This corroborates with the
studies done on the prevalent alloantibodies amongst multiply transfused patients, it was found that
the most common alloantibodies were anti E, and anti C, followed by others [9-11]. Foreign studies
showed varying prevalence in alloantibody formation with varying red cell antigens [12-15]. This ne-
cessitates production of antigram for antibody identification tailored to the antigenic peculiarities of
a given population.

Adewoyin et al. [8] also observed a similar red cell antigen distribution as seen in our study. A related
study performed amongst Ibibios, Efik and Igbos, showed similar findings with ours, suggesting some
likely genetic similarities amongst the study group  [16]. We also had similar findings with a study
done in Coô te d’Ivoire [17]. While our study recorded comparable findings in the prevalence of e and c
antigens with some authors in Riyadh, they had a markedly higher prevalence of C antigen of up to
66% [18]. These differences further buttress the need to establish a population-based database.

We  reported  that  none  of  the  study  participants  had  the  KEL1  antigen.  According  to  a  study
conducted amongst the Igbo tribe in Port Harcourt Nigeria, it reported that the KEL1 antigen is rare
amongst the Igbo tribe  [19]. A related study also showed that KEL1 antigen is rare in the Ikwerre
indigenes  of  Rivers  state  [20].  Additionally,  a  study  conducted  among women of  Lelna  ethnic  in
northern Nigeria reported KEL1 antigen to be 6.6% among the study participants [21]. Christian et al.
reported the absence of KEL1 antigen amongst Ijaw descendants living in Bayelsa state, Nigeria [22],
while  a  study  in  south  western  Nigeria  and  northern  Nigeria  reported  the  prevalence  of  KEL  1
antigen as 6.0% and 2.0% respectively [23,24]. It is important to note that in this study conducted in
Northern Nigeria,  that  the prevalence of  KEL1 antigen was significantly higher among the Hausa
ethnic group compared to the other ethnic groups. From literature, it is obvious that there may be
certain genetic differences amongst the different tribes in Nigeria which may explain why there is
rarity of KEL1 antigen in Igbos and a higher prevalence in non Igbos. This maybe due to evolutionary
genetic variations. It is also good to note that our study was carried out amongst the Igbos in the
southeastern part of Nigeria and that k antigen (KEL2 or cellano) was not tested for in our study. This
would have given a more accurate prevalence of the K antigen. Onyenekwe et al. [25] in their study in
Asaba and Awka in the southern southern and southeastern part of Nigeria also report only 2.1%
prevalence of KEL1 antigen in their study group, which further suggests a low prevalence of KEL1
antigen in southern eastern Nigeria.

The Kidd glycoprotein is a multipass protein that functions as a urea transporter. Antibodies against
the  Kidd  antigens  are  a  notable  cause  of  delayed  hemolytic  transfusion  reactions.  Anti-Kidd
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antibodies have also been implicated in the hemolytic disease of the newborn (HDN). The severity of
the disease varies but tends to be mild in nature [26].

We found that  none of  the  blood donors  tested had Kidd antigens both Jka  and JKb,  which was
unusual  considering  available  literature.  Several  local  studies  reported  varying  findings.  The
distribution of Kidd antigens among pregnant women in sokoto studied indicated a prevalence of Jka,
Jkb and Jk(a+b+) of 8 (4.9%), 13 (8.0%) and 0 (0.0%), respectively [27]. A study conducted in Rivers
state Nigeria showed the distribution of kidd blood group among diabetic groups to be Jka+>Jkb+>
Jkb- >Jka-is (100%, 94.7%, 5.3%, 0.00 ) respectively [28]. Some authors that studied the prevalence
of kidd (JKa) antigens on the indigenes of Bonny Kingdom in Nigeria reported a low prevalence rate
of 3.32% [29]. Similarly, a study done in Malawi showed that 98.2% of their study population were
negative for the kidd antigen [30]. Our findings seem unusual as none of our study participants had
neither  Jka or  Jkb as  seen in  other  studies.  This  may probably be due to  the failure of  the kidd
antisera. It is important to note that the test was carried out according to the manufacturer’s instruc-
tion.

Contrary to our findings, studies done in India, Maldives, Saudi Arabia and Korea showed a variable
prevalence of the kidd antigen [31,32,33,34]. This suggests likely genetic differences across different
races.

The Duffy blood group system is a complex of highly immunogenic glycoprotein antigens found on
the surface of red blood cells (RBC), vasculature endothelial cells, alveolar epithelial cells, collecting
tubules of the kidney, and on the surface of Purkinje cells in the brain. Antibodies against the Duffy
blood group antigens are implicated in transfusion reactions and hemolytic disease of the fetus and
newborn (HDFN) [36]. Aside being a blood group antigen, Duffy blood also as a receptor for a family
of proinflammatory cytokines called chemokines, and is also a receptor for Plasmodium vivax malaria
parasites. Therefore, individuals with the Duffy-negative phenotype are resistant to P. vivax invasion.
Although P. vivax is widespread throughout the tropical and subtropical world, it is absent from West
Africa, where more than 95% of the population is Duffy negative [36].

We reported a low prevalence of Fya (2.9%) in our study It is also important to note that we did not
test for FyB because of lack of the antisera and financial constraints. This makes it difficult to make
any inferences about the prevalence of duffy antigen amongst our study participants. A related study
among pregnant women in Gombe state reported Fya of 6.6% [37]. The prevalence of Fya appears to
be low in Nigeria, and this is worsened by the fact that there are a few previous studies to be refer-
enced.

There was no statistically significant association in this study between the red cell phenotypes and
gender  for  all  the  antigens  tested,  although  a  study  reported  female  gender  as  a  risk  factor  for
development of red cell alloantibodies which is obviously because of pregnancies and subsequent
transfusion risk and not necessarily a direct gender related genetic differences [38].

5 Conclusion

This study shows the distribution of clinically significant red cell antigens in blood donors in Nnewi,
Anambra State, Nigeria. Kell(K1) antigen was not present on any tested donors and there was no
associated gender-based relationship between the red cell phenotypes distribution. Considering the
racial peculiarities in red cell antigen expression, it is important to design the antigram based on the
prevalent antigens in a given place.  There is need for a more broad-based and extensive red cell
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phenotyping to help boost the information on red blood cell antigen expression obtained from this
study.  This  will  help  in  developing  a  local  reagent  red  cell  panel  for  antibody  screening  and
identification,  especially  for  the  multiply  transfused  patients.  This  will  help  mitigate  red  cell
alloimmunization and hemolytic blood transfusion reactions by ensuring these patients are given
appropriately matched blood.

The study was limited by its small sample size and inadequate antisera, which made it difficult for us
to achieve our minimum sample size. We fell short by 3 donors. We therefore recommend a more
broad-based study to validate the findings of our study.
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