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Abstract

Background & Objectives: Haemoglobinopathies are inherited disorders of haemoglobin synthesis that are responsible for significant
morbidity and mortality all over the world. Sickle cell disease (SCD) is clinically one of the most important haemoglobinopathies. The
disease is characterized by red blood cell abnormality including sickling and rigidity. The aim of retrospective study was to determine
the different fractions of haemoglobins that appear in a chromatogram of patients with sickle cell disease and to measure different types
of haemoglobins in one capital area in 2015.

Methods: HPLC records of 144 patients with SCD were retrieved from hospital records. Records from 34 control patients were also
retrieved. About 178 subjects were included with mean age of 28.2 (SD 20.16) years.

Results: 76.3% of patients had an HbAS phenotype, whilst 23.6% were HbSS. Irrespective of their gender or age; differences were
observed in HbA, HbS and HbF levels in patients compared to controls.

Interpretation & Conclusion: Knowledge of the prevalence of haemoglobin phenotype patterns underpins screening, diagnosis and
treatment strategies within our population.
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Introduction

Haemoglobinopathies are inherited disorders characterised by either reduced production of one or more globin chains in
thalassaemia or an abnormality in the structure of haemoglobin, such as in sickle cell anaemia [1]. Sickle cell disease (SCD) is
a common hereditary haemoglobinopathy, accounting for about 70% of the world’s major haemoglobinopathies [2,3]. A point
mutation in the beta globin chain of haemoglobin results in substitution of valine for glutamic acid at the sixth position [4].
Homozygous SS (sickle cell anaemia) is generally considered the most severe form of SCD. Compound heterozygotes, in which
haemoglobin S (HbS) is combined with a different mutation in the second p-globin gene display variable phenotypes. The carrier
state (HbAS) does not cause clinically significant disease [5], is asymptomatic and carriers are protected from malaria infection
[6,7]. The clinical complications of SCD include chronic haemolytic anaemia, painful episodes of vasoocclusion, permanent risk
of infections, acute chest syndrome and cumulative damage of multiple organs [8-10]. SCD occurs primarily among people of sub-
Saharan African, Middle Eastern, Mediterranean and Indian descent [11,12].

The primary pathophysiology is based on the polymerization of deoxyHDbS [13]. A reduction in pH enhances HbS polymerization,
as does a rise in temperature [14]. The concentration of HbS in the red blood cells is also of great importance, with higher
concentrations of HbS leading to more rapid polymerization. Another determinant of the tendency for polymerization is the
presence of other haemoglobins, with HbA2 and HbF limiting the HbS polymerization to a greater extent than HbA and HbC.
Homozygous patients have no HbA, an HbS% greater than 85%, an elevated HbF% and a normal HbA %.In people with HbAS, the
HbS% is approximately 40%. In patients with HbSC, the HbS% is about 10 to 15% higher and the mean corpuscular haemoglobin
concentration (MCHC) is elevated, explaining why people with HbSC cab be severely affected [15,16].

Over the last few decades, there have been a number of studies indicating that anaemia is a significant public health problem in the
State of Kuwait [17]. A comprehensive electrophoretic screening of the Kuwaiti population was conducted in a tertiary hospital in
Kuwait and showed that 6% of patients were heterozygous for HbS, while 0.9% was homozygous [18].
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Numerous techniques are used to screen for sickle cell trait or SCD, such as high-performance liquid chromatography (HPLC),
haemoglobin electrophoresis, sickle solubility test, capillary electrophoresis, globin chain electrophoresis and DNA sequencing
[19,20]. However, it is essential to emphasise that in conjunction with any of these techniques, evaluation of the peripheral blood
smear, as well as correlation with the results of a complete blood count (CBC) are crucial since many of the clinically significant
haemoglobin disorders show distinctive peripheral blood findings, and are often co-inherited. HPLC has replaced alkaline
electrophoresis as the main screening method of haemoglobinopathies. The consistency and reproducibility of results has made
HPLC the method of choice for quantifying HbA, and HbF for laboratory identification of haemoglobinopathies [21].

The aim of the present study was to determine fractions of haemoglobins that appear in a chromatogram and to measure levels of
Hb A, Hb F and Hb A, among SCD patients in one capital area during a one year period.

Materials and Methods
Study Design

This retrospective study was carried out in the Hematology Laboratory Department, Amiri Hospital, Kuwait, for a one year period
(2015). One forty-four sickle cell disease patients from adults and pediatric groups that presented with clinical anemia were referred
for HPLC analysis. Records were also taken from 34 control patients. Medical history was retrieved from the hospital’s medical
records department, and each patient was examined by a haematologist. Data collected from patients records included age, gender,
sickle solubility test, and percentage of haemoglobin fraction.

In this study, target group adopted is, anaemic patients referred for HPLC analysis (HPLC-Waters; U.A.E) attending Amiri
Hospital, Kuwait for a one year period (2015). Records of one-forty four sickle cell disease patients from adults and paediatric
groups were retrieved from hospital data base for patients who diagnosed or suspecting to have a sickle cell haemoglobinopathies
and confirmed by positive sickling test. Records were also taken from 34 control patients with healthy hospital records.

Ethical Issues
Ethical clearance was given by the Research Committee in the Kuwait Ministry of Health.

Statistical Analysis

Statistical analysis was performed by Statistical Package for Social Science Software (SPSS) version 19 software. A Chi Square test
was conducted to assess distribution of categorical variables (e.g. gender, age group, study group), and a Student's t-test was used
in order to compare means of scale variable between groups. Statistical significance was set at P < 0.05.

Results

Demographic characteristics of patients and control groups

As illustrated in Table 1, a total of 178 subjects participated in the study; 144 patients and 34 controls, with approximately equal
numbers of men and women in both groups. The mean age for participants was 28.2 (SD 20.16).

Patient N = 140 Control N = 34
Age MaleN=70 | FemaleN=70 | MaleN=16 Male N =16
<20 38(31.7) 25 (20.8) 8(23.5) 6 (17.6)
21-40 17 (14.2) 27 (22.5) 7 (20.6) 6 (17.6)
=41 17 (14.2) 20 (8.3) 1(2.9) 6 (17.6)

Table 1: Demographics

Frequency of haemoglobin phenotype (HbAS, HbSS) among patient groups

The frequency of each phenotype within the study group showed, 110 participants (76.3%) having haemoglobin phenotype HbAS,
and 34 (23.6%) having haemoglobin phenotype HbSS.

There was a significantly lower mean % of HbA in HbAS patients in comparison with the control group, while HbA was not found
in any patients in the HbSS group. There was no significant difference in the mean % of HbA, in either the HbAS or HbSS patient
groups when compared with the control group (Table 2), or in the mean % of HbA, between HbAS and HbSS (p = 0.73). HbS and
HbF phenotype were only found in the two patient groups. A highly significant difference was observed in the mean % of HbS
between HbAS and HbSS (p<0.05).
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Pattern HbAS HbSS Control
No. 110 34 34
HbA Mean % 59.1 0 97.53
SD 14.35 0 1.04
No. 110 34 34
HbA, Mean % 2.43 2.44 2.46
SD 1.02 1.10 1.04
No. 47 34 0
HbF Mean % 12.1 83.21 0
SD 11.96 593.7 0
No. 110 34 0
HbS Mean % 43.2 67.04 0
SD 19.4 21.36 0

Table 2: The mean level of haemoglobin A, A , F and S level in HbAS, HbSS
patients compared with control group

No difference was observed in the distribution of phenotypes in patients according to gender (Table 3) or according to age (Table
3). However, female patients were more likely to have a higher mean % of HbA (p = 0.08) and men were more likely to have a
higher mean % of HbA, (p = 0.03) and HbS (p = 0.04). Higher mean % of HbS was found in older patients, compared to younger
patients (p = 0.10; Table 4).

Phenotype Gender Age
Male Female <5 5-10 11-15 >15
HbASN =120 | 56(46.7) | 64(53.3) | 20(167) | 16 (13.3) 8 (6.7) 76 (63.3)
HbSS N =42 26 (61.9) 16 (38.1) 3(7.1) 1(2.4) 3(7.1) 35 (83.3)

Table 3: Phenotype according to gender and age

Haemoglobin types
Subject Control

Age HbA HbF HbA, HbS HbA HbA,

No. 20 14 23 23 6 6

<5 Mean % 67.73 374.62 271 37.47 /202 2.08
SD 10.05 1356.08 0.79 12.35 0.44 0.44
No. 16 11 17 17 1 1
5-10 Mean % 60.17 6.90 2.87 36.04 98.4 1.60
SD 7.72 5.63 0.88 11.73 0 0
No. 8 4 11 11 5 5

11-15 Mean % 57.73 14.91 2.84 49.75 97.94 2.06

SD 13.64 10.16 1.45 21.85 0.27 0.27

No. 76 65 111 111 27 27

>15 Mean % 57.41 15.18 2.33 49.56 97.30 2.7
SD 16.93 12.24 1.07 22.11 1.24 1.24
P 0.528 0.128 0.079 0.009 0.352 0.352

Table 4: Haemoglobin pattern according to age

Discussion

Sickle cell disease is a major contributor to mortality and morbidity across the Middle East [17]. This retrospective study aimed to
estimate the prevalence of haemoglobin patterns amongst patients with sickle cell disease (SCD) in Kuwait. As expected, HDAS was
the most common phenotype amongst patients with SCD [18], and no differences were observed in the distribution of phenotypes
between males and females or according to age.

HbA is the predominant haemoglobin in healthy adults, with reports suggesting that it contributes to approximate 98% of the
haemoglobin load. In line with this, and illustrating the validity of our data, we observed a mean percentage of 97.5% HbA in
our control group. That HbS was not detected in any control samples demonstrates that our assays are not associated with false
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positives, providing reassurance in the identification of SCD patients. Less than 1% HbF values detected in our control samples
represent a lack of sensitivity in assays, or that the level of HbF in our study population is lower than in other previously studied
population.

As per previous studies, HbF levels were markedly raised in HbAS patients and HbSS patients compared to controls [12]. Although
there were no significant differences in HbF levels amongst males and females, or according to age, HbF was raised in the youngest
age group, as expected given the dominance effect of HbF in the first few months of newborn infants. In line with previous studies,
there were no differences between patients and controls with respect to HbA, levels, Shu et al. suggested that coelution of HbS
adducts, including glycated HbS. with HbA2 also contributes to increased measured HbA2 concentrations Whereas HbA levels
were markedly reduced in HbAS patients compared to controls [22].

HbS was only found in the patient group, and was significantly higher in the HbSS group. However, in contrast to previous studies,
we did observe differences in HbA, HbA, and HbS according to gender [23,24]. The similarities in HbS levels between the HbSS
and HbAS groups is a result of all HbSS patients (including those in exclusion criteria) receiving a blood transfusion. The number
of patients with accent blood transfusion included in this study is 144.

Further community based studies should be conducted to determine whether these differences are unique to our hospital-based
population or are reflective of the general Kuwaiti SCD population. The variation in the prevalence of haemoglobin phenotype
patterns between patients and controls is reflective of previous studies, and underpins screening and diagnostic testing within our
population.

There were some limitations to this study. Due to the retrospective nature of the study there was some level of missing data
throughout the dataset. In addition, this was a hospital based study and therefore may not be fully representative of the general
population. However, our sample number was sufficient to examine differences between the populations and to accurately
determine the prevalence of Hb phenotype patterns amongst our population.

In summary, this study has described the distribution of Hb phenotypepatterns in a Kuwaiti SCD population. The knowledge of
the prevalence Hb phenotypepatterns encountered within our region is important to ensure that the formulation of diagnostics,
preventative strategies and therapeutic options is appropriate to the patients requiring care. HbA, does not differentiate between
patients and controls; however, changes in levels of HbA, HbS, and HbF are important for diagnosis and treatment strategies.
HPLC is a rapid, sensitive and reliable test for determining the presence of Hb patterns phenotype within a sample.
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