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Abstract

The objective of this study was to catalogue clinically significant antigens of the Rh and Kell blood group systems among regular
donors at the Regional Blood Transfusion Center (RBTC) of Bouaké A total of 129 donors were included. ABO, Rh, and Kell
typing were performed on samples collected from these donors using both slide and gel card methods. Among the donors, 120
(93.02%) were male and 9 (6.98%) female, aged between 19 and 58 years, with a mean age of 32.75 +7.9 years. The distribution
of ABO phenotypes was as follows: O (49.6%, n = 64), A (17.1%, n = 22), B (27.1%, n = 35), and AB (6.2%, n = 8). Regarding
the Rhesus (Rh) system, out of the 120 donors typed, 66 (51.2%) were RhD positive and 63 (48.8%) RhD negative. The most
prevalent Rh antigens were ¢ and e, each present in 99.2% of donors, followed by D (51.2%), C (17.1%), and E (10.3%). The
observed Rh phenotypes were predominantly: ddccee (37.2%), Dccee (35.7%), ddCcee (11.6%), DccEe (8.5%), DCcee (4.6%),
DccEE (1.6%), and DCCee (0.8%). The frequency of the Kell antigen (K) among these donors was 1.6%. The associated
erythrocyte phenotypes were mainly O- cc dd ee K+ and O+ cc D Ee K+. The establishment of this erythrocyte phenotype
database represents a valuable tool to enhance transfusion safety and reduce the risk of post-transfusion complications.
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1. Introduction

The primary goal of transfusion therapy is to ensure the The International Society of Blood Transfusion recognizes
quality of blood products and transfusion safety by minimiz- 47 blood group systems, comprising a total of 366 antigens [2].
ing post-transfusion reactions and the transmission of infec-  Among these, the ABO system is the most clinically signifi-
tious diseases [1].
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cant, as it is responsible for acute hemolytic transfusion reac-
tions in cases of ABO incompatibility.

The Rh system includes 55 protein antigens, five of which
are of major clinical importance in transfusion medicine: D
(RH1), C (RH2), E (RH3), c (RH4), and e (RH5) [3, 4]. The
Kell system comprises 36 antigens; the k antigen is highly
prevalent (98%) but can cause transfusion reactions in indi-
viduals who lack it, whereas the K antigen, although less com-
mon, is highly immunogenic [3, 5].

Antibodies against Rh (D, E, C, c, e) and Kell (K, k) anti-
gens are the leading cause of alloimmunization related to
blood transfusions and female reproduction. In Céte d’Ivoire,
as in many other countries, most blood transfusions are per-
formed based solely on ABO and RhD compatibility [6].

While this practice is approved, transfusions without full
erythrocyte phenotyping carry an increased risk of alloim-
munization, potentially leading to clinical complications, par-
ticularly in polytransfused patients whose survival depends on
transfusion therapy [7].

In 2002, Daniels et al. estimated the overall incidence of
transfusion-related alloimmunization between 2% and 10%,
reaching up to 60% in polytransfused patients [8].

According to other authors, alloimmunization rates range
from 1.4% to 4.24% in patients who have previously received
blood transfusions [9]. These rates may reach 18.7% in pa-
tients with sickle cell disease [10], approximately 20% in tha-
lassemic patients [11], and up to 44% in patients with malig-
nant hematologic disorders [12].

Chou et al. reported even higher rates (8% to 76%) in poly-
transfused patients with sickle cell disease or thalassemia, re-
sulting in ineffective transfusions [13].

Prevention of alloimmunization necessarily involves phe-
notyping both recipients and donors to ensure the broadest
possible immunological compatibility for ABO, Rh, and Kell
systems, thereby reducing alloimmunization incidence to 1 in
4,000 to 12,000 transfusions [14]. This also facilitates more
efficient use of blood products, especially those with rare phe-
notypes.

In countries where phenotyping is mandatory, such as
France since 2002, post-transfusion alloimmunization has be-
come a rare complication [15].

Given the importance of establishing a database of erythro-
cyte phenotypes among regular donors, this study aims to cat-
alogue clinically significant Rh and Kell antigens in donors
attending the Regional Blood Transfusion Center (RBTC) of
Bouaké

2. Materials and Methods

The study involved a population of 129 blood donors regis-
tered at the RBTC of Bouaké located in the North-Central re-
gion of Cdte d’Ivoire, between June and July 2025. All in-
cluded donors tested negative for Hepatitis B and C markers,
Human Immunodeficiency Virus (HIV), and syphilis. This
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population comprised both first-time donors and regular do-
nors, defined as those who had donated at least twice within
the past six months.

Blood samples were collected at the RBTC of Bouakéas
well as during mobile blood drives in the surrounding region.
Samples were drawn into tubes containing ethylenedia-
minetetraacetic acid (EDTA).

ABO and RhD blood grouping (Beth—Vincent and Simonin
methods) was performed using the conventional slide tech-
nique. All analyses were carried out in duplicate to ensure re-
sult accuracy. In accordance with the standard operating pro-
cedure, monoclonal reagents were used: anti-A (lot: 867000),
anti-B (lot; 867000), anti-A, B (lot: 852000), and anti-D IgM
(lot: 856000). For donors initially typed as RhD negative,
weak D antigen screening was performed using a gel card con-
taining antiglobulin and monoclonal anti-D IgG antibodies
(lot: 463000). Test red cells Al and B (lot: 25502.01) were
supplied by GRIFOLS.

Phenotyping of Rh and Kell system antigens was performed
manually using gel cards (lot: 24008.01.1) following the man-
ufacturer’s instructions (GRIFOLS). Red blood cells from
each donor sample were prepared as a 2% suspension. Gel
card readings were carried out using the GRIFOLS gel card
reader, following the manufacturer’s instructions.

3. Results

The study included 129 blood donors, of whom 15 (11.63%)
were first-time donors. Among these first-time donors, 12
(80%) were RhD negative. The remaining 114 donors
(88.37%) were regular donors who had donated at least twice
in the previous six months. Among these regular donors, 51
(44.7%) were RhD negative (Table 1).

Donors’ ages ranged from 19 to 58 years, with a mean age
of 32.75 £7.9 years. The majority of donors were male (120,
representing 93.02%), while females constituted a minority (9,
or 6.98%). The most represented age groups among donors
were 25-34 years, followed by 35-44 years and 19-24 years
(Table 2). All donors were of Black ethnicity.

The frequencies of erythrocyte phenotypes O, A, B, and AB
were 49.6% (n = 64), 17.1% (n = 22), 27.1% (n = 35), and 6.2%
(n = 8), respectively. The RhD antigen was present in 51.2%
of donors (n = 66) and absent in 48.8% (n = 63). It was more
prevalent among blood groups O and B, accounting for 23.3%
and 17% of all RhD-positive (RH-1) donors, respectively.
Only one donor (0.8%) exhibited a weak RhD antigen. The
distribution of blood groups among the 129 donors is shown
in Figure 1.

Among the five major Rh system antigens (D-RH1, C-RH2,
c-RH4, E-RH3, e-RH5), the ¢ and e antigens were the most
frequent, each with a prevalence of 99.2%, followed by the D
antigen at 51.2%. The E antigen was the least common, with
a frequency of 10.3%. No donors expressed the CW antigen
(see Figure 2 and Table 3).

Overall, the most common Rh phenotype in the population
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was ddccee (37.2%), followed by Dccee (35.7%) and ddCcee
(11.6%). Among RhD-positive donors, the Dccee phenotype
predominated (35.7%), while DCCee was the rarest (0.8%). In
RhD-negative donors, only two phenotypes were observed,
with ddccee being the most frequent (37.2%) (Table 4).

Regarding the Kell antigen, its frequency among 120 do-
nors is presented in Figure 3. Only two donors (1.6%) ex-
pressed the K antigen on their erythrocytes. Their erythrocyte
phenotypes were O- cc dd ee K+ and O+ cc D Ee K+, respec-
tively.

The phenotypes cc Dee K-, cc DEe K-, Cc dd ee K-, and cc
dd ee K- were found across blood groups A, B, AB, and O.
The most common phenotype was cc dd ee K- (47 donors,
36.43%), followed by cc Dee K- (46 donors, 35.66%). The Cc
Dee K- phenotype was present in groups B, AB, and O but
absent in group A. The cc DEE K- phenotype was observed
only in groups B and AB. Additionally, the phenotypes CCD
ee K-, cc DEe K+, and cc dd ee K+ were exclusively found in
blood group O (Table 5).

Table 1. Distribution of the number of blood donations according to Rhesus factor.

Number of blood donations Rh D- n (%)
=1 3(2.33)
[2-3] 20 (15.5)
[4-8] 40 (31)
Total 63 (48.8)

Rh D+ n (%) Total n (%)

12 (9.30) 15 (11.63)
27 (20.93) 47 (36.43)
27 (20.93) 67 (51.94)
66 (51.2) 129 (100)

Table 2. Distribution of blood donors: Age and gender.

Sex
Age (Years) Total n (%)
Male n (%) Feminine n (%)
[19-25] 27 (20.93) 4 (3.10) 31 (24.03)
[25-35] 46 (35.66) 2 (1.55) 48 (37.21)
[35-45] 36 (27.91) 1(0.77) 37 (28.68)
[45-55] 10 (7.75) 1(0.77) 11 (8.53)
[55-65] 1(0.77) 1(0.77) 2 (1.55)

Prevalence of ABO/RhD erythrocyte
phenotypes

=

POSITIVE

3.9 23

AB

NEGATIVE

Figure 1. Frequency of ABO/RhD erythrocyte phenotypes.
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Frequency of Rhesus system antigens
(%)

99,2

C(RH2) ®c(RH4) "D(RHI) "E(RH3) "e(RHS) ®CW (RHS)

Figure 2. Frequency of Rh system antigens (%).

Phenotype Frequency (%0)
Table 3. Rh blood group antigen and Kell antigen prevalence in ABO DccEE 1.6
blood groups (%).

DccEe 8.5
ABO

ddCcee 11.6
RH A B AB (0]

ddccee 37.2
C 1.6 4.7 1.6 9.3
c 17.1 27.1 6.2 48.8
D 7 17.1 3.9 233 Frequency of Kell system
E 0.8 3.1 23 3.9 antigens (%)
e 17.1 26.4 5.4 49.6
cw 0 0 0 0
K+ 0 0 0 1.6

Table 4. Rh phenotype frequency.
Phenotype Frequency (%)
DCCee 0.8
Figure 3. Frequency of Kell system antigens (%).
DCcee 4.6
Dccee 35.7
Table 5. Distribution of erythrocyte phenotypes in blood groups.
Blood groups
Phenotype Total
An (%) B n (%) AB n (%) O n (%)

CCD eecK- 0 0 0 1(0.77) 1(0.77)
Cc D ee K- 0 3(2.32) 1(0.77) 2 (1.55) 6 (4.65)
cc D ee K- 8 (6.20) 15 (11.63) 1(0.77) 22 (17.05) 46 (35.66)
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Blood groups

Phenotype

An (%) B n (%)
cc D EE K- 0 1(0.77)
cc D Ee K- 1(0.77) 3(2.32)
cc D Ee K+ 0 0
cc dd ee K+ 0 0
Cc dd ee K- 2 (1.55) 3(2.32)
cc dd ee K- 11 (8.53) 10 (7.75)
Total 22 (17.05) 35 (27.13)

4. Discussion

Many studies have reported significant differences in the

distribution of erythrocyte antigens across various populations.

In our study, blood groups O and B were the most common,
followed by A and AB. Similar predominance of groups O and
B has been found in Guinea, Madagascar, and India in the
studies by Loua et al., Randriamanantany et al., and Chandra
& Gupta, respectively [16-18]. However, some other studies
report that groups O and A are the most common [19-23].
Generally in Black populations, the estimated frequency of
blood groups is O (50 %), A (26 %), B (20 %), and AB (4 %)
[24]. This discrepancy with our findings may be explained by
the application of selection criteria, including negativity for
hepatitis B and C markers, HIV, and syphilis, and regular
blood donation.

In our study, the frequencies of the Rh system antigens D,
C, ¢, E, and e are similar to those reported in other African
studies, particularly in Cote d’Ivoire: Bogui et al. reported fre-
quencies of e (99.8 %), ¢ (99.8 %), D (92.9 %), C (21.9 %), and
E (13.8 %) [25]. Comparable results were observed in Sudan,
except for antigen D, with a reported frequency of 93 % [26].

In an India-based study, Baruah et al. [27] reported that the
D antigen was the most prevalent (99.05%), followed by e
(97.14%), C (92.38%), ¢ (51.43%), and E (20.95%).

The lower D frequency in our study may be due to a greater
proportion of RhD-negative individuals among our donors. In-
deed, the frequency of RhD negativity is typically estimated
at about 5 % for Black Africans, 12-18 % for Caucasians, and
under 3% in Asian populations [28].

In Black populations in general, antigens c and e are almost
universally present, with frequencies around 99 % and 98 %
respectively; similar trends hold in White populations, though
with somewhat lower ¢ frequency (~80 %) [29, 30]. The D an-
tigen is estimated at ~92 % in Blacks and ~85% in Whites.
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Total
AB n (%) O n (%)
1(0.77) 0 2 (1.55)
2 (1.55) 4 (3.10) 10 (7.75)
0 1(0.77) 1(0.77)
0 1(0.77) 1(0.77)
1(0.77) 9 (6.98) 15 (11.63)
2 (1.55) 24 (18.60) 47 (36.43)
8 (6.20) 64 (49.61) 129 (100)

The antigen C is much less frequent in Blacks (~32 %) com-
pared to Whites (~78 %) and Asians (~93 %). For E, frequen-
cies are much lower in Blacks (~2%), higher in Whites
(~29%), and higher still in Asians (~39 %) [29, 30].

Based on Rh antigen expression, the phenotypes observed
in our study were: ddccee, Dccee, ddCcee, DccEe, DCcee,
DccEE, DCCee,

In general Black populations, corresponding phenotype fre-
guencies have been estimated at 7%, 22.9%, 1%, 5.7 %,
8.8%, 1.3% and 2.9 % respectively. In White populations,
these are quite different: approximately 15%, 3%, 1%,
10.4%, 31.1%, 2%, and 17.6 % [31].

The most common phenotypes reported in the study by Ba-
ruah et al. [27] were DCCee — 45.71%, DCcee — 30.48%,
DCcEe — 11.43%, DccEe — 4.76%, DCcEE — 1.90%, DCCEe
— 1.90%, Dccee — 1.90%, DCCEE — 0.95%, and dccee —
0.95%.

Notably, the phenotype ddccee, most common in our sam-
ple (37.2 %), was found in only 0.07 % of donors in a study in
Northern India (26). Conversely, DCCee, which was very rare
in our cohort (0.8 %), is among the most frequent Rh pheno-
types in India (40.87 %) (27) [32].

For the Kell system, the antigen K was found in 1.6 % of
donors, a rate similar to that reported by Garg et al. [31]. In
Cote d’Ivoire, it had been previously estimated at 0.8 % [25].
In Black populations globally, the frequency of K is around
2 %, compared with about 8.8 % in White populations and up
to 25 % in Arab populations [33]. The Kell phenotype K— k+
is most frequent: ~98 % in Africans, 91 % in Caucasians, and
100 % in Chinese populations [34].

We observed two cases combining RhD and Kell positivity
in donors from blood group O (i.e., O RhD— K+ and O RhD+
K+). Given the immunogenicity of the K antigen, such donors
are not suitable for K— recipients because the probability of
anti-K antibody production is high, potentially causing
post-transfusion reactions.
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5. Conclusion

This study showed that among donors at the RBTC of
Bouakeé the prevalence order of ABO phenotypes is O > B >
A > AB. Within the Rh system, antigens ¢ and e were almost
universally present, while antigen E was the least frequent.
Among Rh phenotypes identified, ddccee was the most com-
mon and DCCee the rarest. The K antigen appeared on eryth-
rocytes at a prevalence of 1.6 %, detected primarily among
group O donors.

These findings emphasize the importance of erythrocyte an-
tigen typing of blood donors, particularly for Rh and Kell sys-
tems, to ensure better matching of blood products according
to clinical demand, and to prevent the immune system from
producing alloantibodies when exposed to incompatible red
cells.

Abbreviations

RBTC Regional Blood Transfusion Center

Rh Rhesus
HIV Human Immunodeficiency Virus
EDTA Ethylenediaminetetraacetic Acid
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