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ABSTRACT

Background: Sickle-cell Disease (SCD) is the most common blood cell disorder affecting millions
of people. In severe cases, regular blood transfusion is an essential practice to relieve clinical
symptoms. However, since regular blood transfusion can lead to alloimmunization to foreign human
leukocyte antigens (HLA), this may result in severe anemia due to red blood cell destruction.
Therefore, this study aimed to determine the association between the hemoglobin level and the
presence of HLA genotypes among Sickle Cell Anemia patients.

Methodology: A total of 64 SCD patients and 21 healthy donors seen at King Abdulaziz hospital
between November 2019 and February 2021 were recruited for this study. Demographic data
including ABO/Rhesus blood groups, hemoglobin concentration, were among the clinical
information obtained. HLA genotyping was performed using Polymerase Chain Reaction-Sequence
Specific Oligonucleotide (PCR-SSO). The data were cleaned using the Microsoft Excel and
analysed using the statistical packages for Social Sciences (SPSS) version 24.

Results: The incidence of SCD is not strictly gender-related because of its transmission as an
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autosomal recessive disorder. Sixty-four individuals (33 females; 31 males) having SCD were
analyzed. O blood group recorded the highest prevalence compared to other ABO blood groups in
SCD patients. After analysing allelic association, HLA-A*02 was more frequent in SCD patients
compared to control. After further allelic combination analysis of patients and compared with the
control group, HLA-DQB1*02 was majorly involved in overexpression and decreasing hemoglobin
level and significantly different among control and experimental groups.

Conclusion: Rhesus-positive blood types were more associated with the SCA. HLA- type 1l alleles
could influence the clinical course of sickle cell disease and HLA-DQB1*02 was significantly
different among SCD group and control individuals, which signifies the concept that the allele was
overexpressed among patients resulting in low Hb level.

Keywords: Sickle cell anemia; HLA typing; anemia.
1. INTRODUCTION

Sickle cell disease (SCD) is an autosomal
recessive disorder characterized by the formation
of sickle hemoglobin (HbS) instead of normal
hemoglobin (HbA). It was first identified in 1910
when Dr. Herrick reported an unusual blood
finding and gave the term “sickle-shaped” to
describe the appearance of Red Blood Cells
(RBCs) [1]. It is caused by a point mutation in the
B-globin gene resulting in replacing the 6" amino
acid glutamic acid to valine and thus formation of
HbS [2]. Every year, more than 50 million people
are affected by this disease, and they regularly
need blood transfusions as they lack normal
blood for the transport of oxygen. SCD is
prevalent in North America (USA), Africa, South
America (Brazil), West Indies, Algeria, Tunisia,
Morocco, Germany, and France and affects
millions of people each year [3]. The vaso-
occlusive crisis, or sickle cell crisis, is a frequent
severe complication of SCD [4, 5] It is
characterized by periods of stability, and patients
receive episodes of severe pain, especially in the
back, chest, joints, and abdomen, with a
requirement of regular blood transfusion [6].
Alloimmunization to RBCs is a common
phenomenon that occurs as a result of repeated
blood transfusion. However, this
alloimmunization can be mediated by the Human
Leukocyte Antigen (HLA), and particular HLA
alleles may influence the development of
alloimmunization in such patients [7].

Anemia is a common symptom in SCA patients.
Identifying HLA typing can give us a close picture
of the relationship between hemoglobin decrease
level and genes involved and their allelic parts
responsible for this decrease [8]. HLA and its
three classes play an imperative role in the
immune system encoding glycoproteins in
differentiation from self to non-self within the
body. HLA molecules are mainly involved in

detecting and binding peptide molecules from
non-self-antigens and display them on the
surface of MHC (major histocompatibility
complex) for easy detection by T cells [8].
Moreover, T cell is also specific in recognition of
MHC class molecules. It has receptors on its
surface called T cell receptors, which only
recognize the peptide molecules bounds to its
appropriate molecule encoded by HLA. All these
HLA molecules are encoded by genes present
on the short arm of chromosome 6. In this way,
HLA typing can easily help determine genetic
defects in SCD patients for their decreased
hemoglobin level and alleles involved in most
patients [9]. There are three different types of
HLA genes: class | with HLA-A, B and C genes,
HLA-E, F and G genes and many other genes
which functions are still unknown, - class Il with
HLA-DR, DP and DQ notably, - Class lll. In
addition, these genes encode other proteins
related to the immune response [8]. In this study,
we have studied 64 patients with SCA symptoms
and 21 control individuals and determine their
susceptibility to disease and find out the
association between hemoglobin level and HLA

typing.
2. METHODS

2.1 Patient Selection

A cross-sectional observational study of HLA
alloimmunization was undertaken in paediatric
SCD patients between November 2019 and
February 2021. The current study were
conducted at King Abduaziz university hospital,
Jeddah Saudi Arabia. Patients with SCD who
had received three or more lifetime RBC
transfusions were considered eligible for
enrollment getting written informed consent. A
total of 64 SCA samples were enrolled in this
study. The Control group was composed of 21
samples obtained from normal healthy
individuals with no history of transfusion.
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2.2 Hematological and Molecular

Analyses

Complete Blood Counts were carried out on
EDTA (Beckton and Dickinson) tubes using
Sysmex XE-2100 analyzer (Sysmex Corporation,
Kobe, Japan). In addition, plasma collection was
performed following hematological indices
measurement, and DNA extraction was carried
out using a Wizard® Genomic DNA Purification
Kit (Promega) according to the manufacturer's
protocol.

All samples were successfully genotyped for
HLA-I and Il alleles. By utilizing Hardy- Weinberg
formulation, allele frequencies were determined
to investigate their effect on the hemoglobin
level. HLA class | and Il genotyping was
performed using sequence-specific
oligonucleotides (PCR-SSOs) as performed
previously by Satapornpong P et. al. [10]. The
HLA class | alleles included HLA-A, HLA-B, and
HLA-C, while HLA class Il alleles included HLA-
DRB1, HLA-DQA1, and HLA-DQBL1.

2.3 Data Analysis

Data cleaning was performed using the Microsoft
Excel and analysed wusing the statistical
packages for Social Sciences (SPSS) version 24
(IBM Corp, Armonk, NY, USA). Descriptive
statistics was performed for categorical and
continues data and presented as frequency,
percentage, mean and standard deviation. The
chi-square and t-test tests were used to examine
differences in the prevalence of different
categorical and continuous variables. A
p-value < 0.05 was considered statistically
significant.

3. RESULTS
3.1 Patient Demographics

Among 64 SCD patients, 51.6% (n=33) were
female while 48.4% (n=31) were male the age
varied from 6 — 51 years. The control group
comprises 28.5% (n=6) female and 71.5% (n=15)
male. Characteristics of case and control groups
are compared in Table 1. Age and gender were
the only variable not equally distributed, with
patients in the control group tending to be older
(42 + 16 years) than those with SCD (24 + 10
years) (p = 0.0001). Rhesus positive blood group
(62 out of 64 patients) was more prevalent. The
O blood group was predominant in 51% of the

population compared to the control group with
57.1% of the O blood group phenotype. Whereas
28% of patients were phenotypically A*. It
exhibits the phenomenon that ABO/Rhesus
blood group correlated with sickle cell disease
and genome expression in the following order O
>A>B>AB.

Moreover, the study inferred that 37 out of 64
(approx.57.8%) patients who have undergone
transfusions in a range of 3-84 times carry HLA
Class-I Antibodies in their serum, and 27 out of
64 (approx. 42.1%) patients were carrying HLA-II
antibodies. This exhibits 37 alloantibodies
positive and 27 alloantibodies negative patients.
In the control group, out of 21 individuals, 6
carried HLA-I antibodies, and 2 carried HLA-II
antibodies  without any history of prior
transfusion. Thus, it verifies the notion that
patients with SCD who have undergone (> 3
times) blood transfusion process has exhibited
15 and 10 times more HLA -1 and HLA-II
alloantibodies than those of the control
individuals and who have not experienced any
kind of blood transfusion process. The frequency
of occurrence of blood transfusion and Panel
Reactive antibody testing is being shown in
Fig. 1.

3.2 Analysis of HLA Typing
3.2.1 Class | allele frequencies

Results indicated that the seven most frequent
alleles of HLA-A locus within HLA Class -l
observed in SCD were A*02 (35.5%), A*30
(3.1%), A*01 (2.3%), A*03 (2.3%), A*68 (2.3%).
A*32 (2.1%) and A*24 (1.6%) compared to A*02
(2.1%), A*03 (4.0%), A*01 (2.4%), A*30 (2.4%),
A*68 (2.4%), A*23 (1.6%) and A*26 (1.6%) in
control group. Among patient's HLA-I, HLA-A*02
was predominant (Table 2). On HLA-B locus, the
most frequent alleles in SCD were B*51 (6.8%),
B*58 (3.1%), B*07 (2.6%), B*41 (2.6%), B*08
(2.1%), B*50 (2.1%) and B*39 (1.8%) compared
to B*51 (7.9%), B*35 (4.8%), B*50 (4.8%), B*58
(3.2%), B*13 (2.4%), B*07 (1.6%), and B*15
(1.6%) in control. HLA-B*513 was playing a
significant role in reducing Hemoglobin levels in
SCD compared to control group (6.00+£1.91, and
13.8+1.39 respectively). Finally, with regards to
HLA-C locus, HLA-C*04 has the lowest Hb
concentration in SCD (7.00+£0.51) when
compared to the control (14.06+0.92). Moreover,
results indicated that sickle individual expressed
some HLA-I alleles (HLA-1*11, *36, *47, *66,
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*74) that were not expressed in normal DRB 1*01 haplotypes were playing a significant

individuals (Table 2). role in decreasing hemoglobin levels (6.9+0.0).
Whereas, on HLA-DQA locus and HLA-DQB
3.2.2 Class Il allelic frequencies locus, four alleles were observed notably from

which DQA 1*01 and DQB 1*02 were of prime
Within HLA Class-Il typing, the three most importance. Similar to HLA-I, the SCD individual
frequent alleles were observed on the HLA-DQ expressed alleles (DQA1*01, DQA1*03 and
locus (DQB1*02 (13.8%), DQA1*01 (11.5%), DQAL*05) that were not expressed in normal
DQA1*05 (10.4%) in SCD group. Among HLA-II,  individuals (Table 3).

Table 1. Demographic analysis of SCD and Control groups

Parameters SCD patients Control p-value
Number of samples (n) 64 21
Gender 0.0001
Females 33 6
Males 31 15
Age Mean + S.D (Range) (years) 24+10, (6-51) 42+16, (11-73) 0.0001
Rhesus D blood group Frequency (%) 0.0001
Positive 62 (96.9) 20 (95.2)
Negative 2(3.1) 1(4.6)
ABO Blood Group Frequency (%) 0.0001
O 33 (51.6) 13 (61.9)
B 11 (17.2) 1(4.8)
AB 1(1.6) 1(4.8)
A 19 (29.7) 6 (28.6)
Hb concentration (g/dl) Mean £ S.D 7.92+1.53 14.12+0.97 0.0001
RBCs count (x10° cells/pL) 2.73+0.58 4.95+0.44 0.0001
>3 prior blood transfusions 64/64 (100%) 0/21 (0%) 0.0001
Mean of transfusions + S.D 18+10 0

Age in years, hemoglobin concentration (Hb) and number of blood transfusions are expressed as the mean +
standard deviation (range). The P-value is calculated by t-test or chi-square comparison, as appropriate.
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Fig. 1. Graphical representation of Alloimmunization following blood transfusion for SCA
patients and no transfusion for the control group. ** indicate p-value = 0.001
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Table 2. HLA -A, B and C allele frequency and Hb level

allele Group

Control Patient

Allele RBC count  Hb (g/dl) Allele RBC count Hb (g/dl)

Frequency  (x10° Frequency  (x10°

cells/uL) cells/uL)
Mean S.D Mean S.D Mean S.D Mean S.D

A*01 2.4%°2 5.00 0.20 1393 0.90 2.3%" 2.54 0.56 7.42 1.73
A*02  27.5%" 4.96 0.46 14.19 1.03 35.5%% 2.79 0.57 8.03 1.47
A*03  4.0%% 4.80 0.47 13.80 0.98 2.3%" 2.74 0.54 8.07 1.72
A*11  0.0%" 1.3%? 3.01 0.67 7.74 1.74
A*23  1.6%% 4.80 0.28 13.75 0.35 1.0%" 2.49 0.41 7.15 1.08
A*24  0.8%% 4.00 0.00 12.80 0.00 1.6%" 3.05 0.43 8.55 1.55
A*26  1.6%% 4.50 0.00 13.25 0.07 0.8%" 2.37 0.31 7.73 1.50
A*29  0.0%" 0.3%% 1.97 0.00 7.22 0.00
A*30 2.4%% 5.33 0.35 15.07 0.83 3.1%" 2.72 0.77 7.64 2.13
A*31 0.8%% 4.80 0.00 13.00 0.00 0.8%" 2.98 0.68 8.83 1.10
A*32  0.8%% 5.30 0.00 1500 0.00 2.1%" 2.84 0.43 7.54 0.87
A*33  1.6%° 5.50 0.00 1520 0.00 0.8%" 2.54 0.30 8.87 1.48
A*36  0.0%"° 0.3%% 1.83 0.00 6.30 0.00
A*47  0.0%" 0.3%"° 204 000 670 0.00
A*66  0.0%" 0.5% 230 0.17 650 0.28
A*68  2.4%% 5.03 0.25 14.03 0.95 2.3%" 2.67 0.64 8.43 1.62
A*74  0.0%" 1.3%? 2.66 0.70 8.28 1.70
B*06 0.0%° 0.3%% 3.24 0.00 10.50 0.00
B*07 1.6%°% 4.85 0.21 13.75 0.35 2.6%" 2.77 0.98 7.44 2.26
B*08 0.8%" 4.00 0.00 12.80 0.00 2.1%" 2.89 0.66 8.72 2.07
B*13  2.4%" 4,93 0.61 1380 1.39 0.8%" 2.19 0.55 6.00 1.91
B*14 0.0%° 0.5%% 2.47 0.38 7.10 0.28
B*15 1.6%" 5.30 0.00 14.80 0.00 1.3%" 2.68 0.61 6.54 0.53
B*18 0.8%" 4.50 0.00 1350 0.00 1.0%" 3.07 0.52 8.35 2.33
B*27  0.0%° 0.3%° 327 0.00 7.10 0.00
B*35 4.8%" 4.83 0.28 1358 0.47 0.5%" 2.32 0.13 7.35 0.21
B*37 0.0%° 0.3%% 2.20 0.00 6.80 0.00
B*38 0.8%" 5.50 0.00 16.00 0.00 0.3%" 3.09 0.00 8.90 0.00
B*39 0.8%" 5.00 0.00 14.40 0.00 1.8%" 2.78 0.54 7.83 0.85
B*40 0.8%" 5.00 0.00 14.00 0.00 0.8%" 3.20 0.53 8.23 2.44
B*41 0.8%" 4.60 0.00 1350 0.00 2.6%" 2.75 0.40 8.20 1.27
B*42  0.0%° 0.3%" 2.54 0.00 7.10 0.00
B*44  0.8%" 4.80 0.00 13.10 0.00 0.3%" 2.01 0.00 6.60 0.00
B*45  0.0%° 0.3%% 1.83 0.00 6.30 0.00
B*47  0.0%° 0.8%° 259 0.16 7.03 042
B*48 0.0%° 0.3%% 3.76 0.00 12.40 0.00
B*49 0.8%" 5.50 0.00 16.00 0.00 0.5%" 2.87 0.81 9.11 0.84
B*50 4.8%" 5.07 059 14.38 1.17 2.1%" 2.92 0.41 8.42 0.62
B*51 7.9%° 4.95 0.45 14.11 0.98 6.8%" 2.83 0.53 8.54 1.39
B*52  0.0%° 0.3%% 2.73 0.00 8.80 0.00
B*53  0.8%" 4,50 0.00 1350 0.00 1.8%" 2.41 0.34 7.51 0.87
B*57  0.0%° 0.5%% 2.19 0.01 6.55 0.35
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allele Group

Control Patient

Allele RBC count  Hb (g/dl) Allele RBC count Hb (g/dl)

Frequency  (x10° Frequency  (x10°

cells/uL) cells/uL)
Mean S.D Mean S.D Mean S.D Mean S.D

B*58  3.2%° 515 0.42 1470 0.95 3.1%° 261 053 755 1.24
B*73  0.0%° 1.3%° 239 0.76 7.22 0.65
C*02 0.0%" 0.3%" 3.27 0.00 7.10 0.00
C*03 0.8%" 470 0.00 14.00 0.00 2.1%° 2.83 057 7.79 1.45
C*04 7.9%% 496 037 14.06 092 2.3%° 2.45 054 7.00 051
C*05 0.0%* 0.5%" 3.07 0.29 6.40 0.99
C*06 7.9%% 502 053 14.17 113 4.9%° 2.69 0.39 7.97 0.98
C*07 5.6%% 494 059 1437 127 8.1%° 271 0.68 7.97 1.87
C*08 0.0%* 1.0%° 2.89 0.65 8.08 2.96
C*12 1.6%* 500 0.00 14.20 0.28 2.1%° 294 0.64 779 165
C*15  2.4%* 497 047 1393 112 4.9%° 2.80 0.70 8.52 159
C*16 6.3%" 493 045 14.05 1.00 3.9%° 258 053 7.76 150
C*17 0.8%* 460 000 1350 0.00 2.9%° 276 032 8.26 1.16
C*18  0.0%" 0.3%" 2.01 0.00 6.60 0.00

Note: Values in the same row and subtable not sharing the same subscript are significantly different at p< .05 in
the two-sided test of equality for column proportions. Cells with no subscript are not included in the test. Tests
assume equal variances.

a. This category is not used in comparisons because its column proportion is equal to zero or one.
b. This category is not used in comparisons because there are no other valid categories to compare

Table 3. HLA-DQAL1, DQB1 and HLA-DRB1 allele and haplotype frequencies in the studied

cohort

allele Group

Control Patient

Allele RBC count  Hb (g/dl) Allele RBC count Hb (g/dl)

Frequency (xl”OG/ ) Frequency (x1”06/ )

cells/uL cells/pL
Mean S.D Mean S.D Mean S.D Mean S.D

DQA1*01 0.0%" 11.5%" 275 0.66 807 1.75
DQA1*02 0.0%° 3.1%"° 294 053 826 1.04
DQA1*03 0.0%° 7.8%" 263 050 7.88 1.34
DQA1*04 0.0%? 0.3%" 274 0.00 6.90 0.00
DQA1*05 0.0%* 10.4%" 270 056 7.77 156
DQA1*06 0.0%° 0.3%" 286 0.00 570 0.00
DQB1*02 4.3%° 480 049 1378 0.97 13.8%° 275 057 7.89 147
DQB1*03 11.9%" 496 051 1419 110 7.6%"° 265 046 7.81 1.37
DQB1*04 1.2%" 500 0.00 14.00 0.00 0.3%" 274 0.00 6.90 0.00
DQB1*05 16.7%" 501 040 1424 0.97 7.3%"° 267 058 821 1.75
DQB1*06 6.0%" 514 0.31 14.46 0.94 4.4%"° 285 077 782 173
DRB1*01 2.4%" 500 0.85 14.20 1.70 1.8%"° 228 0.68 6.99 1.97
DRB1*03 9.5%" 484 045 1393 0.96 8.1%" 275 056 7.85 1.62
DRB1*04 11.9%" 496 051 1419 110 8.1%"° 264 049 7.88 1.34
DRB1*07 4.8%" 483 062 1363 1.09 2.9%° 3.04 042 844 088
DRB1*08 0.0%? 1.0%"° 230 022 653 043
DRB1*10 4.8%" 493 034 1395 0.98 1.0%° 255 026 7.45 0.68
DRB1*11 3.6%" 507 040 1437 0.75 1.6%"° 278 056 8.03 1.40
DRB1*12 0.0%° 0.3%" 286 0.00 570 0.00
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allele Group
Control Patient
Allele RBC count  Hb (g/dl) Allele RBC count Hb (g/dl)
Frequency  (x10° Frequency (x10°
cells/uL) cells/uL)
Mean S.D Mean S.D Mean S.D Mean S.D
DRB1*13 3.6%" 523 040 1493 0.92 1.3%"° 2.67 0.75 7.96 1.49
DRB1*14 1.2%"° 500 0.00 14.00 0.00 0.8%" 2.94 0.71 9.80 2.27
DRB1*15 3.6%" 517 029 1450 1.32 3.1%" 2.88 085 7.77 1.87
DRB1*16 4.8%" 483 0.39 1390 0.80 3.4%" 2.84 0.57 8.69 151

Note: Values in the same row and subtable not sharing the same subscript are significantly different at p< .05 in
the two-sided test of equality for column proportions. Cells with no subscript are not included in the test. Tests
assume equal variances.

a. This category is not used in comparisons because its column proportion is equal to zero or one.
b. This category is not used in comparisons because there are no other valid categories to compare.

4. DISCUSSION

Sickle Cell Disease (SCD) is one of the most
common inherited hemoglobinopathy worldwide
[11]. However, the incidence of SCD is not

stricty  gender-related because of its
transmission as an autosomal recessive
disorder. In particular, the gender-related

differences in paediatric SCD are not well
characterized [12]. To address this matter, we
analyzed the clinical records of 64 individuals (33
females; 31 males) having SCD. We found that
male and female were equally affected with SCD,
but the blood transfusion ratio (>3 times) was
more among males than females. This confirm
the hypothesis that males have more episodes of
crises than females, and the reason could be
attributed to the higher bioavailability of nitric
oxides in females [13, 14].

Similarly, while carrying out the frequency of the
blood group distribution among our cohort, it was
revealed that O and A blood group individuals
are mostly associated with genotype SS (SCD),
followed by B, and the least prevalent is AB.
Again, this agrees with the study performed by
Alagwu et al. [15].

Red blood cell transfusion is the option of choice

for SCA treatment. However, one of the
drawbacks of  this practice is the
alloimmunization. Previous studies have

indicated that patients with SCD represent a sub-
population of transfused patients at much higher
risk of alloimmunization than the general
transfused individuals. In the SCD population, it
has been determined that RBC antigens are
known to contribute to the increased risk of
alloimmunization in patients with SCD. The risk
of alloimmunization in patients with SCA has
been reported to range from 4-40% [16]. Our
findings stated that some non-transfused control

had HLA antibodies, consistent with other reports
of natural or spontaneous HLA alloimmunization
in unsensitized individuals. The aetiology of such
antibodies is unknown, and it feels that their
production may be triggered by non-allogenic
stimulus [17]. Our observation was that 37 out of
64 patients were HLA Class-lI alloimmunized
after having blood transfusions in the range of 3-
84 times. Whereas in the control group, 6 out of
21 individuals exhibited HLA-I antibodies without
having any history of blood transfusion. Similarly,
27 out of 64 individuals had HLA-Class |l
antibodies with the same blood transfusions
range. This denotes the concept that the role of
HLA alloimmunization could become increasingly
important in SCA as HLA antibody testing could
help select donors avoid HLA mismatches that
would otherwise act against a patient’s specific
HLA-antibodies [18].

The HLA on chromosome 6p21.3 carries more
than 200 genes within this 3Mb segment, many
involved in various immune functions and
mechanisms [19]. The HLA class | (HLA-A, B,
and C) and class Il (DRB1, DQB1, DPB1, and
DQA1) loci encode cell surface heterodimeric
proteins that bind antigenic peptides and are the
most polymorphic genes in the human genome
[20]. The HLA system plays a key role in the
immune system, and disease susceptibility,
resistance, and progression are influenced
greatly by HLA genes [21]. The consequences of
sickle mutation and its downstream effects are
variable. Complications due to chronic hemolytic
anemia, episodic vaso-occlusion with painful
episodes, and chronic organ damage lead to
SCA phenotypes [22]. Tamaouza et al. worked
on 80 patients with sickle cell disease and found
significantly more patients without infections
carrying HLA-DRB1*15 alleles than patients with
infections.
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Confirmation of these findings using a larger
sample size considering age and sex matched
groups sufficiently powered to decrease the
probability of false-positive associations will be
needed to elucidate the contribution of HLA
haplotypes and genotypes to SCD.

5. CONCLUSION

Results indicated that SCD patients have
different allele frequency compared to control
group. Additionally, results proposed that certain
HLA alleles were observed in only SCD not in the
control group. Also, HLA type | and Il alleles
could influence the clinical course of sickle cell
disease as HLA-A*02 and HLA-DQB1*02 were
highly expressed among affected individuals,
which signifies the concept that the allele was
overexpressed among individuals that could
resulting in low Hb level. Larger scale
prospective studies are needed to endorse the
current findings and elucidate the role HLA-A*Q2
and HLA-DQB1*02 in reducing Hb level.

CONSENT

As per international standard or university
standard, patient’s written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

Ethical approval was obtained from the ethics
and research committee at the Faculty of Applied
Medical Sciences, King Abdulaziz University
(Ref.No. 2019-021).

FUNDING

This project was supported by the deanship of
scientific research at King Abdelaziz University,
Jeddah, Saudi Arabia [Grant Code: 31382].

ACKNOWLEDGEMENT

We would like to thank the KAU Hospital in
Jeddah, Saudi Arabia, for facilitating the
conduction of this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Frenette PS, Atweh GF. Sickle cell
disease: old discoveries, new concepts,

10.

11.

530

and future promise. J Clin Invest.
2007;117(4):850-8.

Keidan AJ, Sowter MC, Johnson CS,
Noguchi CT, Girling AJ, Stevens SM, et al.
Effect of polymerization tendency on
haematological, rheological and clinical
parameters in sickle cell anaemia. Br J
Haematol. 1989;71(4):551-7.

Leikin SL GD, Kinney TR, Sloane D, Klug
P, Rida W. Mortality in children and
adolescents with sickle cell disease.
Pediatrics 1989;84(3):500-508.
Pediatrics. 1989:500-8.

Platt OS, Thorington BD, Brambilla DJ,
Milner PF, Rosse WF, Vichinsky E, et al.
Pain in sickle cell disease. Rates and risk
factors. N Engl J Med. 1991;325(1):11-6.
Platt OS, Brambilla DJ, Rosse WF, Milner
PF, Castro O, Steinberg MH, et al.
Mortality in sickle cell disease. Life
expectancy and risk factors for early
death. N Engl J Med. 1994;330(23):
1639-44.

Serjeant GR CC, Lethbridge R, Morris J,
Singhal A, Thomas PW. The painful crisis
of homozygous sickle cell disease: Clinical
features. . British Journal of Haematology.
1994:586-91.

Hoppe C, Klitz W, Vichinsky E, Styles L.
HLA type and risk of alloimmunization in
sickle cell disease. Am J Hematol.
2009;84(7):462-4.

Tamouza R NM-, Busson M, Marzais F,
Girot R, Labie D. Infectious complications
in sickle cell disease are influenced by

HLA class Il alleles. Immunology.
2002:194-9.
VM 1. A specific chemical difference

between the globins of normal human and

sickle-cell ansemia haemoglobin. Nature
1956;178(4537):792-794. Nature.
1956:792-4.

Satapornpong P, Jinda P,

Jantararoungtong T, Koomdee N,
Chaichan C, Pratoomwun J, et al. Genetic
Diversity of HLA Class | and Class Il
Alleles in Thai Populations: Contribution to
Genotype-Guided  Therapeutics.  Front
Pharmacol. 2020;11:78.

Gluckman E CB, Bernaudin F, Labopin M,
Volt F, Carreras J, Pinto Simbes B, Ferster
A, Dupont S, de la Fuente J, Dalle JH,
Zecca M, Walters MC, Krishnamurti L,
Bhatia M, Leung K, Yanik G, Kurtzberg J,
Dhedin N, Kuentz M, Michel G, Apperley J
et al. Sickle cell disease: an international
survey of results of HLA-identical sibling



12.

13.

14.

15.

16.

Alserihi et al.; JPRI, 33(44B): 523-531, 2021; Article no.JPRI.74211

hematopoietic stem cell transplantation.
Blood. 2017;129(11):1548-56.

Ceglie G DMM, Tarissi De Jacobis I, de
Gennaro F, Quaranta M, Baronci C, Villani
A and Palumbo G. Gender-Related
Differences in Sickle Cell Disease in a
Pediatric  Cohort: A  Single-Center
Retrospective Study. Front Mol Biosci.
2019;6(140).

llesanmi  OO. Pathological basis of
symptoms and crises in sickle cell
disorder: implications for counseling and
psychotherapy. Hematol Rep.
2010;2(1):e2.

Gladwin MT, Schechter AN, Ognibene FP,
Coles WA, Reiter CD, Schenke WH, et al.
Divergent nitric oxide bioavailability in men
and women with sickle cell disease.
Circulation. 2003;107(2):271-8.

Alagwu EA AD, Ngwu EE, Uloneme GC.
ABO/Rhesus Blood Group and Correlation
with Sickle Cell Disease and Type-ll
Diabetes Mellitus in South East and South-
South of Nigeria. Pharmaceutical and
Biosciences Journal; 2016.

Armando R. Orlina PJU, Mabel Koshy.
Post-transfusion alloimmunization in
patients with sickle cell disease. American
Journal of Hematology. 1978;2:101-6.

17.

18.

19.

20.

21.

22.

Alberd J M-BL, de Leo C, Vargas-Rojas
MI, Marino-Vazquez LA, Crispin JC. A
non-allogeneic  stimulus triggers the
production of de novo HLA antibodies in
healthy  adults. Transpl Immunol.
2007;18(2):166-71.

Gladstone DE ZA, Fuchs EJ, Luznik L,
Kasamon YL, King KE, Brodsky RA, Jones
RJ, Leffell MS. Partially mismatched
transplantation and human leukocyte
antigen donor-specific antibodies. Biol
Blood Marrow Transplant. 2013;19(4):647-
52.

Beck S TJ. The human major
histocompatibility complex: lessons from
the DNA sequence. Annu Rev Genomics.
2000:117-37.

HA E. HLA Polymorphism and Disease
Susceptibility. Computational Genetics
and Genomics: Humana Press; 2005.

JB. World distribution of HLA alleles and
implications for disease. Ciba Found
Symp. 1996;197(233).

A. Driss KOA, J.M. Hibbert, B.E. Gee, T.V.
Adamkiewicz, J.K. Stiles. Sickle Cell

Disease in the Post Genomic Era: A
Monogenic Disease with a Polygenic
Phenotype. Genomics Insights. 2009;
23-48.

© 2021 Alserihi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle4.com/review-history/74211

531


http://creativecommons.org/licenses/by/2.0

	/Journal of Pharmaceutical Research International
	33(44B): 523-531, 2021; Article no.JPRI.74211

	A Cross Sectional Study of Association of HLA typing with Haemoglobin Level in Sickle Cell Anaemia
	ABSTRACT
	1. INTRODUCTION
	2. METHODS
	4. DISCUSSION
	5. CONCLUSION
	CONSENT
	ETHICAL APPROVAL
	FUNDING
	ACKNOWLEDGEMENT
	COMPETING INTERESTS
	REFERENCES


