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Abstract

Background and Objectives: Blood transfusion is an effective and proven treatment for some severe complications of
sickle cell disease. Recurrent transfusions have put patients with sickle cell disease at risk of developing antibodies against
the various antigens they were exposed to. This study aims to investigate the frequency of red blood cell alloimmunization
in patients with sickle disease in Africa.

Materials and Methods: This is a systematic review of peer-reviewed and published literature. The review was conducted
consistent with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist.

Data sources for the review include MEDLINE, PubMed, AJOL, CINAHL, Psych-Info and Academic Search Complete.
Included in this review are articles that reported the frequency/prevalence of red blood cell alloimmunization in sickle cell
disease patients in Africa. Eligible studies were subjected to independent full-text screening and data extraction. Risk of bias
assessment was conducted with the aid of the mixed method appraisal tool. We employed a random-effects model of me-
ta-analysis to estimate the pooled prevalence. We computed Cochrane’s Q statistics and 12 and prediction interval to quantify
heterogeneity in effect size.

Results: The prevalence estimates range from 2.6% to 29%. Pooled prevalence was estimated to be 12.1% (95% CI 8.1 to
17.7), with significant heterogeneity (I12= 91.83; PI = 2 to 54%).

Conclusion: The frequency of red cell alloantibody varies considerably in Africa.
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Highlights

e The prevalence of alloimmunization among sickle
cell anaemia patients varies considerably in Africa. The
prevalence estimates range from 2.6% to 29%

* There is a dire need for carrying out an extended anti-
gen typing for the donors and for the sickle cell patients
themselves. This will serve to provide available compat-
ible blood units for blood transfusion

Introduction
Chronic anemia and painful crises are common symp-
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toms in Sickle Cell Disease (SCD), which are genetic
abnormalities defined by the presence of a mutant type
of hemoglobin S (HbS)". Nearly a quarter of a million
people are diagnosed with SCD every year®. Africa, In-
dia, and the Middle East are among the regions with
the highest prevalence of SCD”. Three-quarters of all
sickle cell cases are found in Aftrica’, with Nigeria repre-
senting the highest prevalence of the world's SCD oc-
currence’. Through the ensuing adherent erythrocytes
subject to lysis, these genetic mutations contribute to
the severity of SCD and clinical symptoms including
vaso-occlusive crises, acute chest syndrome, priapism,
pulmonary hypertension and leg ulcers seen in patients
with SCD®". Treatment modalities for SCD are either
disease-modifying, preventative, or symptom-focused.
Disease-modifying drug therapy such as hydroxyurea
is now available for many African patients. Howev-
er, HU reduces pain crises and severe complications
but does not eliminate the need for transfusion®’.
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Currently, allogeneic bone marrow transplantation
(BMT) and gene therapy and gene editing using CRIS-
PR Cas-9 have become treatment options that can cure
sickle cell disease!'™!?
SCD patients in Africa these are not readily available.

Red cell transfusion is a standard practice in the sup-
portive care of individuals with SCD'". Transfusions
are critical in the prevention and treatment of chronic
SCD complications, such as stroke, chronic kidney dis-

although, for the large majority of

ease and acute chest syndrome'!. Blood transfusion is
associated with several complications: risk of transfu-
sion transmissible infections, iron overload, haemolytic
transfusion reactions and alloimmunization'>!’. These
complications diminish the benefits of blood transfu-
sion.

Alloimmunization is a common side effect of recurrent
blood transfusions'®. Compared to the 2-5% rate ob-
served in general transfusion recipients”, red blood cell
alloimmunization occurred in 20% to 50% of trans-
fused patients with SCD who were matched for ABO
and D antigens only”. Various studies have established
the prevalence of red blood cell alloimmunization in
African patients with blood cell disorders® . Prev-
alence rate ranges from 1.1 % in Malawi to 22 % in
South Africa®h?,

Alloimmunization develops when the recipient is ex-
posed to donor red cell antigens which are absent in the
recipient. The antibodies produced are then directed
against the recipient’s red cells resulting in transfusion
reactions that are potentially serious. Several factors
have been found to contribute to the high rate of alloim-
munization among patients with SCD?. These include
discordance of blood group antigen expression on do-
nor and patient RBCs, degree of antigen matching and
increasing number of red cell transfusions®. Following
exposure to transfused red cells, not all patients develop
alloantibodies. This observation was noticed not only
in patients with SD but also in all transfused recipients.
Red blood cell alloimmunization-related problems in-
clude difficulty finding compatible blood units for these
patients, delays in transfusions due to the presence of
alloantibodies, and delayed hemolytic transfusion re-
actions®”!. Common RBC antigens implicated in allo-
immunization in SCD include C and E in the Rhesus
(RH) blood group, K in the Kell (KEL), Fya in the
Dufty (FY), Jkb in the Kidd (JK), and S in the MNS
blood groups™. In order to prevent alloimmunization,
extended antigen matching beyond ABO and RhD are
employed especially in chronically transfused patients
although its use is severely limited by cost’. Alloim-
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munization management is expensive especially in Af-
rica where only a few patients can afford treatment’.
Therefore, in order to attain Universal Health Coverage
and the African Union Agenda 2063%, it is vital to ag-
gregate the frequency and antibody specificities in Af-
rica, providing stakeholders with the drive to undertake
large-scale serologic matching for Africans with sickle
cell disease. A systematic review and meta-analysis by
Boateng et al in 2019 reported a prevalence estimate of
7.4%%. However, it was limited to sub-Saharan Africa.
To ensure inclusiveness, our review aimed at synthesiz-
ing the frequency of red blood cell alloimmunization in
patients with sickle cell disease in Africa. This review
covered the period up to October 2023.

Materials and methods

This is a systematic review of observational studies of
a cross-sectional or longitudinal design. We structured
the protocol following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guideline™.

Eligibility criteria

Study characteristics

This review included peer-reviewed literature irrespec-
tive of sample size, and test statistics. Participants in the
included studies were individuals diagnosed with SCD.
Studies were included without regard to whether a con-
trol group was used to study the subject in question,
provided they investigated the frequency of red blood
cells alloimmunization in sickle cell disease patients.
Studies included in this systematic review were non-in-
terventional by design.

Inclusion criteria

Peer-reviewed articles reporting frequency of red blood
cells alloimmunization in sickle cell disease patients in
Aftica.

1. Published peer review literature in English language
and French

2. Studies were included irrespective of country, patient
age, gender, and date of publication

Exclusion criteria

1. Abstract-only papers as preceding papers, confer-
ence, editorial, and an author response

2. Studies with duplicate or overlapping data

Information sources and search strategy

The search was undertaken of four databases namely;
PubMed, MEDLINE, CINAHL, Psych-Info, African
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Journal online (AJOL) and Academic Search Complete
using medical subject headings (MeSH), and keywords
identified in the title, abstract, and/or text of the arti-
cles. The search strategy was piloted in PubMed. In-
cluded in the pilot search were MeSH terms identified
through the Cochrane MeSH term. After several com-
binations of these terms, the most sensitive strategy
was chosen and reported. Judgment of sensitivity was
based on counting the number of potential relevant ar-
ticles in the first few pages of the preliminary search
result. The strategy was adapted to the syntax and sub-
ject headings of the remaining databases (MEDLINE,
CINAHL, and Academic Search Complete). The search
terms used in the search query included: ((Sickle Cell
Anemia OR Hemoglobin S Disease, Hemoglobin S OR
Sickle Cell Anemia OR Sickle Cell Disorders, Sickle
OR Sickling Disorder Due to Hemoglobin S OR HbS
Disease OR Sickle Cell Disease, Sickle OR Sickle Cell
DiseasesMeSH Terms) AND (alloantibodies or alloan-
tibody or alloimmunization or red blood cell alloimmu-
nization) [All Fields AND (Africa or sub-Saharan Afri-
ca)[All fields. The initial search was conducted through
10th January 2022 and later updated in October 2023.

The reference lists of selected articles and reviews were
searched for possible identification of relevant studies.

Study records and data management

Literature search results were exported directly from
databases into EndNote 8 where de-duplication and
initial screening were carried out. To aid the screening
process, we used an already piloted and refined screen-
ing template that includes eligibility questions.

Selection process

Initial screening of the title and abstract to identify
those that met the inclusion criteria was undertaken by
MN. This was followed by independent screening by
two research assistants MU and EN. The full texts of
the included articles were downloaded by one of the
research assistants. Independent screening of full texts
and data extraction were conducted by MU and EN
and conflicts were resolved by consensus discussions.
Where appropriate, emails were sent to authors of se-
lected studies to clarify issues pertaining to selection
criteria. Details of the flow of studies throughout the
selection process, along with the reasons for exclusion,
were presented using a PRISMA diagram (Figure 1).
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Figure 1: PRISMA Flow Diagram of the systematic review “Frequency of red cell alloimmunization
and antibody specificities among patients with sickle cell disease in Africa (1994-2022)
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Data collection process

Quality appraisal and risk of bias assessment

We used the mixed method appraisal tool (MMAT) Ver-
sion 2011 to critically evaluate the studies we chose35.
The MMAT looks at the study's purpose, adequacy, and
methodology, as well as the study's design, participant
recruitment, data collection, data analysis, presentation
of findings, and discussions and conclusions. Quality
appraisal was independently executed by two the au-
thors (TUN) and (AOU) with an excellent inter-rater
agreement. The disagreements were resolved by a third

author (MN).

Data items

Primary data sought include the frequency of red blood
cell alloimmunization in sickle cell disease patients in
Africa. Secondary data include age, gender and rate of
transfusion. Other information gathered from each ar-
ticle includes the authors’ name, study title, study popu-

lation, study sample size, sampling methods, method of
assessment, prevalence rate, the antibody specificities,
country, African region and summary of findings.

Data synthesis and assessment of heterogeneity
Using a random-effect model, the pooled prevalence
was estimated in the manner described by Wang and
Liu36. The heterogeneity measure, statistics, 12 was cal-
culated following Higgins et al.37. 12 values were in-
terpreted per the Cochrane Handbook for Systematic
Reviews of Interventions as follows: 0—40% may indi-
cate low heterogeneity, 30—60% may indicate moderate
heterogeneity, 50—90% may indicate substantial hetero-
geneity, and 75-100% may indicate considerable het-
erogeneity37.This is shown in Table 2. Given that 12 is
not an absolute measure of heterogeneity, we comput-
ed prediction intervals (PI) (Figure 5). Where appropri-
ate, we employed Hozo et al.38 to compute mean from
range, median and sample size.

Study name Statistics for each study
Event Lower Upper

rate limit limit Z-Value
Adewoyn et al. 2021 0103 0053 01 -GEB4
Kangiwa at al 2015 0187 0118 0.287 5125
Abbas et al 2013 o040 0.5 0102 6228
Adewoyin et al. 2016 0.0%8 0037 0233 422%
Tebuka et al. 2020 D480 0.382 0.529 -1.130
Kambale-Kombl et al. 2023 0165 0125 0215 8723
Ay et al. 2012 0214 0115 0383  .3.458
Mangare &1 al 2015 0028 0011 0.07s -6 696
Muteb et al. 2017 D026 0.004 0161 3601
Eldour et al 2015 0043 0023 0.080 H121
Boateng et al. 2019 D065 0035 0117 -B15T
MNatukunda et al. 2010 D051 0042 0088 -13537
Hmida et al. 1994 D071 0042 0119 8912
Kuliya-Gwarzo, 2005 0397 0288 0517 -1.686
Batina-Agasa et al 2010 0102 0060 0168 -T419
Thompson et al. 2018 0220 0147 0.317 -5.001
Diarra, 2013 0044 0017 0M12 5590
Siransy et al 2017 0181 0.064 0.349 =3.151
Sekongo et al 2017 0286 0170 0.439 -2.679
Elkobani et al. 2020 0250 0.158 0470 2262
Ugwu et al. 2015 0093 0047 0175 .B134
Akpan ef al 2022 0113 0.0680 0202 -583T

0421 0081 0177 BT06

Event rate and 95% C1

p-Value

0.000
0.000
0.000
0.000
0.258
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.092
0.000
0.000
0.000
0.002
0.007
0.024
0.000
0.000
0.000

-2.00 -1.00 0.00 100 2.00

Figure 2: Forest Plot displaying the frequency of red cell alloimmunnizationhe amongst patients with Sickle cell disease
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Figure 3: Funnel plot depicting publication bias
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le 1: Study and transfusion characteristics of alloantibodies in sickle cell disease

Authors|ref Country (region) No of Age (years) RBCc transfused Male to No. of patients with | Number of Antibody test method No. of alloantibodies: antibody
patients in alloantibodies (%; sickle cell specificities in sickle cell disease
the entire | Mean (SD; range) Mean (SD; range) Female | 95%cI) patients
study/ no ratio
of
transfused
patients

1 Abbas et al40 Sudan in 100/100 413 6.73 (SD, 4.46; NR). 133 4(4.0; NR) 100 Saline method 4:2K,1C1E
North Africa
2 Adewoyin etal.41 | Nigeria in West 80/80 Mean 27.92 (8.82; <20- | NR 1.05 6(7.5;NR) 80 Tube 8:3E2C,1D,1Lleaand
Africa <20) agglutination with
bovin albumin
enhancement
3 Adewoyin et al. Nigeria in West 55/41 Mean 23*(128; 2-51) Mean 4.5; (7.6; 1-55) 1.39* 4(9.8;3.2-24 41 TT (E-NR) 6:2C,2E, 1k 1lea
201642 Africa
4 Akpan etal 43 Nigeria West 80/80 Mean 29.0 NR 1.42 9(11.3;NR) 80 Panel of cells 9:2E,2C,1D,1e, 1K, 1Kpa, 1|
Africa +Albumin(.ICT)
(5;NR)
5 Alyetal.23 Egyptin North 82/42 Mean 3.5(NR; 4-11) 1.10 9(21.4;NR) 4 ID.Card micro-typing 9:3K.2E 2C1Le’and 10K
Africa system
7.4(3.32; NR)
6 Batina Agasa et Congo in Central 144/127 Mean 15.5 (11.1; NR) Mean 5.3 (6.6; 1-40) NR 13(10.2;5.6-17) 127 CGA-LISS 17:3D,3C, 2E9Ul
al.44 Africa
7 Boateng et al.33 Ghana in West 154/154 Mean Median 2-4 (NR; 1-10) 130 10(6.5;3.3-11.9) 154 CGA-LISS 13:3D0,3M, 2E,2Cle, 1C
Africa 1ul
10.65 (7.3; NR)
8 Boma Muteb46 Congo in Central 39/39 Mean 82% received 2 U (NR; 0.77 1(2.6;0.1-15.1) 39 NR 11K
Africa NR)
8.6
(6.4; NR)
9 Diarrad7 Maliin West 133/90 Mean 21* (NR; 1-62 NR 0.73 4(4.4;1.4-12) 90 CGA (E-NR) 4:2C,1D,1¢
Africa
10 Eldour et al.48 Sudan in North 210/210 Median 2-5 (NR; 2-20) | >2 U (NR; NR) 1.44 9(4.3;2.183) 210 Saline method 10:5K,2E,1¢, 1)K, 1leb
Africa
1 Elkobani et al.49 Sudan in North 97/97 Mean Median 2-4 (2-4t0>20) | 1.6 9(29.0; NR) 31 Gel card system NR
Africa
24.74
(18.2;NR)
12 Hmida et al. 50 Tunisia in North 309/182 Mean 123 (<5t0>10) | NR NR 13(7.14 182 - NR
Africa
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15 Kambale-Kombiet | Congo 261/261 Median Mean 6.5 (NR; 3-93) 123 43 (16.5; NR) 261 Gel cards system 72:6D,7C, 7E1c,3Cw, 3k
al.51 3Fya, 2Fyb, 1Fy3, 2lkb,
Central Africa 16.6 (NR: 9.3-23.) 17M, 8S,3U,6Llea, 2leb, 11
13 Kangiwa et al52 Nigeria in West 120/80 Median ¥21 (NR; 1-50 | Mean 3 (NR; 2-25) 0.78 15(18.8; 11-29) 80 CGA-LISSand enzymes | 13:2E,2c,2e,1D,1Fya, 1f
Africa ,1k,  1Kpb,1Jsh, 1lua
14 Kuliya-Gwarzo53 Nigeria in West 135/68 Mean Median 1-5 (NR; 1-10 1.52 6(8.8;3.6-18.9 68 TT-Alb and CGA 11:2D,2E, 1Kpb,1Jsh, 1W
Africa 1Mg,
13.9 (6.5; NR)
1Vw,1Dia, 1Goa
16 Mangare et al24 Kenya in East 137/137 Mean Mean 2.4 (NR; 1-8) 1.02 4(2.9;0.9-7.8) 137 CGA-NaCl/LISS 4:1Cw, 1S, 1M,1Cob
Africa
8 (NR; NR)
17 Meda et al54 Tanzania 365/365 Mean 16.49 Mean 3.2; (NR; 1-40 0.99 15(4.1;2.4-6.8) 365 TT-NISS 63:12K,9Lea,5Cob,4Fyb, 4
,3D,3E,3Cw,3Lua, 2C, 2Lel
East Africa (8.38; NR) 25,25,2)kb, 2P, 1M, 1N, 1Jka
1PAN, 1UI
18 Natukunda etal25 | Uganda in 428/428 Mean Median 3 (NR; 2-100 1.04 26(6.1;4.1-8.9) 428 CGA-LISS 32:10E€,7D, 4S,2C,2Jka, 2P
1K, 1Fya,1llea, 1Cw, 1M
East Africa 12 (10.5; NR)
19 Sekongo et al55 Céte D'lvoire in 82/42 Mean Mean 9 1.0 12 (28.6; 16-45) v} CGA-LISS 14:6E,4C, 1D,1e,1S, 1Ul
West Africa 24.5 (NR; 1-22)
(16.0; NR)
20 Siransy et al. Cote D'Ivoire in 31/27 Mean Mean 5.7% (NR; 1-N10) 0.82 5(18.5;7.0-39) 27 CGA (E-NR) 3:1C,1E,  1Lea (specificity w:
201856 West Africa determined in 2 patients)
21.6 (11.9;NR)
21 Tebuka et al57 Tanzania 200/200 Mean Median 117 17(8.5; NR) 200 ICT+panel of cells 23:6C3c,2E1e, 6K 2M,
1Fya, 1JKa, 1Lle
In East Africa 5.6 (4.36; NR) 3-4units (2U to 2
22 Thompsonetal22 | South Africain 182/91 Mean Mean NR 20(22.0; NR) 91 AutoVue/ Bio Vue 21:8E,1E,3C 1¢, 3K, 25,15, 1
Southern Africa &1Ul
20.9 2.77 (NR; 1-17)
(12.5,4-55)
23 Ugwu et al58 Nigeria in West 86/86 Mean >2 (NR; 2-NR) 1.10 8(9.3;4.4-13) 86 CGA-LISS 11:3E,2C, 1D,1e, 1K, 1K
Africa 1Jsh, 1Llub
26/(7.4; NR)

*Including the non-transfused SCD patients because data for transfused patients were not reported separately.
Column gel agglutination low ionic strength saline (CGA LISS)
TT: NISS: tube test Normal ionic strength saline

ICT: indirect Coombs test
TT: Alb tube test albumin

NR - no report

E - NR: antigen E no report

Ul - Unidentified

Table 2: Meta-regression showing the degree of heterogeneity explained by the difference in study characteristics

Characteristics

Female-male ratio
Age

Sample size

Sample size 250 (ref)
Sample size <50
Region

Central Africa (ref)
East Africa

North Africa
Southern Africa

West Africa
Antibody test method
CGA (ref)

Saline

Tube agglutination
ICT

Gel Card system

ID Card micro-typing
AutOVue Bio

Odds ratio  P-value
0.797 0.478
0.0077 0.818
1.152 0.124
ncc ncc
ncc ncc

Q-
statistic

0.00
268.40

0.12

nce

ncc

R? (coefficient of
determination)

ncc

ncc

% total variance
(1.157) explained
by the model

nce

nce

Number of
studies
included in
the analysis

*significant at a < 0.01; ref: reference category; ncm: not computed due to colinearity
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Table 3: ANOVA showing the influence of study characteristics on frequency of alloimmunization

Frequency of alloimmunization (%)
Factor Number of Mean+SD F/t/r-value P-value
studies
Year of publication
Before 2010 2 7.97+1.17 1.2187 0.331
2010-2015 10 8.5246.54
2015-2020 8 14.95+9.96
After 2020 3 12.7043.33
Sample size (n)
<50 6 18.43+10.48 | -3.132 0.005*
>50 17 8.72+4.65
Region
North Africa 5 13.17+11.37 | 0.542 0.659
West Africa 11 11.80+7.54
East Africa 6 7.97+2.27
Southern Africa 1 -
Antibody test Number of Mean+SD F/t/r-value P-value
method studies
CGA 9 11.42+8.30 1.086 0.417
Saline 2 4.15+0.21
Tube agglutination 4 15.98+16.06
ICT 2 28.63+24.57
Gel Card system 2 22.75+8.84
ID Card micro-typing 1 21.40
AutOVue Bio 1 22.00
Age 23 0.450 0.031*
Female-male ratio 20 0.189 0.425

*: statistically significant at a= 0.05; T: epidemiologically significant at difference of 24%. Superscripts: sameness of any superscript
means non-epidemiologically significant; difference of superscript means: epidemiologically significant
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Appendix $1: Assessment of risk of bias using the mixed method appraisal tool

Author’s ID Sampling | s the sample representative of | Are the measurements | Is the risk of non- Statistical analysis | Remark

strategy the target population? appropriate? response bias low? appropriate?

relevant?
Abbas et al 2013 Yes yes yes yes yes Low risk
Adewoyin et al. 2021 No Yes Yes Yes Yes Low risk
Adewoyin et al. 2015 No Yes Yes Yes Yes Low risk
Akpan et al. 2022 No Yes Yes Yes Yes Low risk
Aly etal. 2012 No Yes Yes Yes Yes Low risk
Batina-Agasa et al. 2010 No yes yes yes yes Low risk
Boateng et al. 2016 No Yes Yes Yes Yes Low risk
Muteb etal. 2017 No No Yes Yes Yes Moderate risk
Diarra, 2013 Yes No yes yes yes Low risk
Eldour et al. 2015 Yes Yes Yes Yes Yes Low risk
Elkobani et al 2020 No No Yes Yes Yes Moderate risk
Hmida et al. 1994 No IS Yes Yes Yes Moderate risk
Kangiwa et al 2015 No Yes Yes Yes Yes Low risk
Kuliya-Gwarzo IS IS IS IS IS IS
Kambale-Kombi et al. 2023 | No Yes Yes Yes Yes Low risk
Mangare et al 2015 No Yes Yes Yes Yes Low risk
Meda et al 2014 No Yes Yes Yes Yes Low risk
Natukunda et al 2010 No No Yes Yes Yes Moderate risk
Sekongo et al 2017 Yes Yes Yes Yes Yes Low risk
Siransy et al. 2017 No Yes Yes Yes Yes Low risk
Tebuka et al 2020 No Yes Yes Yes Yes Low risk
Thompson et al 2019 Yes Yes Yes Yes Yes Low risk
Ugwu et al 2015 No Yes Yes Yes Yes Low risk

IS: insufficient information

Data analysis

The frequency of red blood cell alloimmunization in
patients with sickle cell disease was estimated in per-
centages. We used meta-regression to examine factors
which contributed to study heterogeneity. We employed
analysis of covariance (ANOVA) to compare the prev-
alence of alloimmunization across year of publication.
Firstly, we checked for possible correlation relationship
percentage female gender, age, region sample size with
frequency of alloimmunization. Since we found no sta-
tistical significant relationship between the sample fac-
tors and frequency of alloimunization, we ran a simple

African Health Sciences, Vol 24 Issue 3, September, 2024

ANOVA and reported the mean plot. Comprehensive
Meta-analysis software was used, with « set at 0.05.

Publication bias and sensitivity analysis

To examine metabias, we created a funnel plot and ran
the Egget’s regression test” and the analysis of the fre-
quency of alloimmunization was done.

Results

A total of 5762 records were identified from databases,
and reference lists. Following de-duplication, we elimi-
nated 82 records, leaving 5625 articles for the title and
abstract screening, Ultimately, 23 studies met the eligi-
bility criteria (Figure 1). The 23 studies were also includ-
ed in the meta-analysis? 22334038,

424



Sociodemographic Characteristics and Study Quality
Eighteen studies were from SSA, with 6 (33.3%) of the
articles being conducted in Nigeria. Five of the studies
were conducted in 3 non-SSA African countries (Su-
dan, Tunisia and Egypt). A total sample of 2961 SCD
patients with varying transfusion rates were involved.
All 2961 patients were involved in the prevalence esti-
mates for alloimmunization. Antibody specificities were
reported for 21 studies with a total of 2748 patients;
three studies namely Elkobani et al.49 and Hmida,
199450 with sample sizes of 31 and 183 respectively
did not report antibody specificities at all or did not
report specificities for SCD particularly. A total of 262
patients experienced alloimmunization. We summarised
sex distribution based on 20 studies and age based on
the 23 studies. The mean age of the study participants
was 10.3 * 9.0 years. The male to female ratio was 1.2
(60%: 50%.)

Although all the participants included in the meta-anal-
ysis had been transfused at least once, there was insuffi-
cient detail to determine the number of transfusion per
patient (Table 1). Regarding study quality, 18 (78.3%)
of the studies were at low risk of bias (Supplementary
Appendix S1).

Prevalence and antibody specificities of alloimmu-
nization in sickle cell disease in Africa

A total of 2961 individuals participated in the studies
included in this review, with an average of 4.9 units,
out of which 262 had alloimmunization. The preva-
lence estimates range from 2.6%46 to 29%49. Pooled
prevalence was 12.1% 95% CI 8.1 to 17.7; PI = 2 to
54%); with a significant heterogeneity (I2=91.83) and
publication bias (Egger’s t = 2.685, p= 0.0139) (Figures
2 and 3). Between year 2005 and 2023, the frequency of
alloimmunization varied considerably (Figure 3).
Analysis of variance was ran to account for the puta-
tive cause of heterogeneity. Result shows there was a
near-double increase in the frequency of alloimmuniza-
tion increased moving from before year 2010 (8.0%) to
2015-2020 (15.0%). Studies with small size sample size
(<50) reported higher frequency of alloimmunization
compared to those with sample size >50. Epidemio-
logically, the frequency of alloimmunization in Eastern
Africa (8.0%) differed from those of Northern (13.2)
and West Africa (11.8%). Epidemiologically, the fre-
quency of alloimmunization was lowest with the Col-
umn gel agglutination low ionic strength saline (CGA
LISS) test method (4.2%) and highest in highest with
indirect Coombs test (ICT) method (28.6%). We ob-
served a moderate positive correlation between age and
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frequency of alloimmunization. There was no correla-
tion between gender and frequency of alloimmuniza-
tion (Table 2). The extent of which the variance in age,
sample size, region and antibody method and year of
publication explained the total variance in true effect
(1.24) could not be ascertain as multivariate meta-re-
gression could not be ran due to collinearity associated
with some of the characteristics (Table 3).

Antibodies against 35K (10.4%), 59E (17.5%), 45C
(13.3%) and 30D (8.9%) antigens accounted for half
(50.1%) of the antibody specificities (Table 1).

Discussion

This systematic review identified and evaluated twen-
ty-three peer-reviewed research papers on RBC alloim-
munization in transfused patients with SCD. The pooled
prevalence of RBC alloimmunization was 12.1% ((CI
7.7-17.7); 12=91.83; PI = 2.0% to 54.0%)). This is high-
er than the 6.7% reported by Ngoma et al.” (although
this study determined the prevalence of antibodies
among transfused non sickle cell disease patients) and
the 7.4% reported by Boateng et al.33. This result,
however, is lower than the alloimmunization rates of
some high income countries (22.3% to 58%0)***¢!. This
is probably due to a lower antigenic diversity among
patients of similar tribal/ethnic origin compared to a
higher antigenic diversity between the Caucasian blood
donors and recipients who are predominantly of Afri-
can origin61. The lower prevalence in our study can also
be explained by the study design, which in most cases is
cross-sectional, contrary to studies from well-resourced
countries where patients are often routinely tested for
antibodies before each transfusion episode. Also, the
lower prevalence of alloimmunization obtained in our
study compared to high-income countries may also be
attributed to under reporting of cases of alloimmuniza-
tion and limited access to blood for transfusion, which
is generally saved for emergency situations since only a
few patients can afford regular transfusion. Thus, socio-
economic disparities between African and high-income
nations contribute to the differential in red cell alloim-
munization among patients with SCD33. Given Africa's
restricted donor pool, which is heavily influenced by
cost and poverty, the guideline®>* that patients with
SCD receive transfusions from donors whose RBC an-
tigens have already been matched with those of the pa-
tients®** may be impractical. Given the cost implication
of red cell alloimmunization, it is needful to re-empha-
size Boateng’s® recommendation for transfusion safety
amongst SCD patients as we expect an increased rate
of transfusion amongst SCD, in the coming days. This
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increased rate of blood transfusion is because of the
ageing population of SCD patients due to improved
care. Older SCD patients have more complications
from multiple organ damage that will require chronic
blood transfusion. Routine testing for RBC antibod-
ies and extended blood group phenotyping to identify
suitable transfusion units would be an effective strategy
to increase transfusion safety for SCD patients in Af-
rica65. Comparing our findings to those of two earlier
studies, Ngoma et al.59 and Boateng et al.33, we found
an increase in the frequency of red cell alloimmuni-
zation among SCD patients in Africa than in multiply
transfused non-SCD28, 66. The plausible explanation
for this could be seen from the role of inflammation in
the process of alloimmunization. Transfusions during
inflammatory episodes such as acute chest syndrome
and vasoocclussive crisis in SCD patients were linked to
higher rate of alloimmunization67. Moreover, in SCD
patients, a number of innate immune abnormalities
have been found, such as a weakened anti-inflamma-
tory response against extracellular cell free heme. This
puts this patient subset at risk of developing a strong
immune response against allogeneic determinants on
transfused red blood cells, which raises the possibility
of further alloimmunization68. Furthermore, the in-
creased rate could also be due to a comparatively high
lifetime RBC transfusion burden since blood transfu-
sion is a key treatment modality in SCD patients. None-
theless, alloimmunization rates whetre donors and SCD
patients are more ethnically homogeneous have been
reported to be equivalent to alloimmunization frequen-
cies recorded for the general population25.

We also observed a marked inconsistency (ups and
down) in the distribution of alloimmunization from
year to year. The variability in the rate of alloimmuniza-
tion may be likely due to the variation of test methods
used for antibody detection. While some studies use
test tube method, others used gel agglutination method
which is more sensitive (Table 1). However, in pursuit
of the African Union Agenda 2063, an extensive prac-
tice of pre-transfusion screening, for which matching
of RBC antigens between patients and donors is done,
may be achievable in the future and decrease the burden
of alloimmunization.

Antibodies to E, D, C, and K antigens accounted for
49.8% of all the antibody specificities, according to our
findings. This is consistent with Boateng et al.33 as well
as da Cunha et al.69 both of which are African studies.
This suggests that the antibody specificities are relative-
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ly consistent. Anti-D antibodies were found in 10.1%
of patients in our study, despite the fact that D anti-
gen matching is a common procedure in Africa. Peo-
ple of African origin have a higher prevalence of RHD
variants, which may explain the elevated anti-D preva-
lence.24, 70 With serology, patients with RHD variants
(partial D phenotype) who receive D-positive blood are
at risk of producing anti-D63. Anti-K antibodies con-
stituted 8.7% of all antibodies. This is lower compared
to the prevalence obtained by Boateng et al.”.

Consistent with Boateng and colleagues, there were
36 patients with anti-K and of these only three were
from West Africa. The anti-K distribution varies sub-
stantially across Africa™. The heterogeneity in antibody
frequency and specificity suggests that more research
on blood group antigen variation among several eth-
nicities is needed. In line with Fasano et al.** and Chou
et al.61, the rising prevalence of red cell alloimmuniza-
tion and wide heterogeneity in the antibody specificities
necessitates the establishment of antigen typed blood
donor database. This may facilitate antibody testing
and alloantibody identification®, especially if we plan
to increase regular blood transfusions in the region in
pursuit of the African Union Agenda 2063. As a re-
sult, patients with SCD and other patients on chronic
blood transfusion would no longer be reliant on expen-
sive, internationally sourced reagent red cells for their
RBC antibody testing, as a locally produced alternative
could be made available. The study draws its strength
from the extensive literature search, independent full-
text screening, and extraction. In addition, the studies
included in the review are representative of the African
region. Nonetheless, several limitations have been iden-
tified including high degree of heterogeneity, presence
of publication bias, although we conducted meta-re-
gression in attempt to explore the sources thereof. The

357 constitutes a

presence of outlying prevalence values
limitation. Likelihood of developing alloimmunization
was dependent on patient’s age, number of units of
blood received, status of transfused RBCs and antigen-
ic differences between the donor and recipient popu-
lation®”. Another limitation was use of small sample
size (< 50) with risk of exaggerating the frequency of

alloimmunization.

Conclusion

Within Africa, the frequency of red cell alloimmuniza-
tion varied considerably and remains low when com-
pared to global prevalence. Alloimmunization in SCD
patients in Africa should be given more attention be-
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cause they are source of morbidity and mortality in this
group of patients. In light of the impracticability of
RBC antigen matching for all African SCD patients,
prior screening and extended crossmatching is essen-
tial. To ensure that compatible transfusion units can be
quickly selected in an emergency, a database of anti-
gen-typed donors may be vital.
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