
Introduction

For the diagnosis of hemoglobinopathies, hemo-
globin electrophoresis is the basic technique iden-

tifying a diverse array of mutants (genetically different), 

which are affecting the three-dimensional structures 
and functionality of hemoglobin. These mutations may 
cause anemia to fatal diseases. Thalassemia and sickle 
cell disease represent the most frequent hemoglobino-
pathies. Hemoglobinopathies is a genetic disorder due 
to abnormality of hemoglobin and it constitutes several 
monogenic disorders. Due to these mutations, altered 
synthesis of hemoglobin causes structural changes in 
chains, ultimately in 3D folding of the hemoglobin, 
and leads to severe health conditions like hemolytic 
anemia, Sickle cell disease, Thalassemia, polycythemia, 
and erythrocytosis. Thalassemia syndrome is a series 
of genetic disorders in hemoglobin (Hb) synthesis, 
characterized by a reduced rate of production of one 
or more of the globin chains of hemoglobin. About 3% 
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extending its usage to detect other hemoglobin disorders.
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of the world population carries genes for β-thalassemia 
1

and 3000 mutants of hemoglobin . The adult hemoglobin 
(HbA) is a tetrameric protein(α2β2) and two types of 
globin gene clusters are responsible for forming two 
different genes of a tetramer. β-thalassemias are auto-
somal recessive inherited blood disorders that result 
mainly from mutations that decrease (β+) or eliminate 
(β0) the production of β-globin. This leads to an excess 
of α-globin, which precipitates in developing erythro-

2-3
blasts, resulting in ineffective erythropoiesis.  Patients 
with β-thalassemia are characterized by hypochromic, 
hemolytic anemia, and dependence on blood transfu-

4
sions to sustain life.

β-thalassemia is widely distributed throughout the 
world, with considerable frequencies in the Eastern 

5Mediterranean countries, including Iraq,  and the Ara-
6

bian Gulf region.  It has been estimated that 3% of the 
world's population, or 200 million people, in addition 
to almost 150,000 affected individuals born annually, 
carry the β-thalassemia gene. There are several variants 
of thalassemia due to different structural changes in 
hemoglobin and each of them has a different severity 
level. This gene carries a wide spectrum of clinical mani-
festations, ranging from β-thalassemia intermedia to 
severe, transfusion-dependent β-thalassemia major. 
The clinically important feature of β-thalassemia is its 
interaction with other hemoglobinopathies, like sickle 
cell disease, in co-inheritance, which improves the hema-

7
tologic parameters of heterozygous β-thalassemia.  
β-thalassemia minor is also a type of thalassemia, in 
which the person is heterozygous for the trait, it inherits 
one normal and the other one is thalassemia variant 
gene. Usually, these people do not have any kind of the 
symptoms but sometimes mild anemia, microcytosis, 
hypochromia, and increased iron load could be observed. 
From their diet, the absorption of iron ions increased.

Sickle cell disease (SCD) is a protean disorder caused 
by elevations of intra-erythrocytes and total blood 
viscosity. Hypoxia-induced gelation of hemoglobin S 
(HbS) deforms the erythrocyte and its membrane, cau-
sing massive cation loss and increased erythrocyte 

8
surface expression of adhesion molecule receptors.  
This leads to hemolytic anemia and acute vasoocclusion, 
resulting in organ damage from recurrent erythrocyte 
sickling, chronic hemolysis, and progressive endothelial 

9vasculopathy.

Like other parts of the country, hemoglobinopathies 
are an expression of the β-globin gene, leading to chan-
ges in the rate of synthesis of β-globin chains of hemo-
globin. In classic β-thalassemia major, life expectancy 
is shortened to 25-30 years on average, due to associated 

10-11complications such as growth retardation,  diabetes 

mellitus, endocrine dysfunction, hypothyroidism, 
12-20

progressive failure,  and cardiac complications.

Hemoglobinopathies are an important problem in 
Nassiriyah province (in southern Iraq, with a population 
of around 1.5 million and over 400 registered patients). 
The emergence of these disorders is partially due to 
consanguineous marriages, which are common in this 
area. This article aims to use hemoglobin gel electro-
phoresis to detect some hemoglobinopathy forms. With 
the process of hemoglobin electrophoresis, hemoglobin 
components can be separated from each other on the 
basis of their charge and mass value. This approach 
may contribute to treatment and possibly prevent the 
transmission of the hemoglobin mutation by identifying 
carriers, as their offspring are at risk of inheriting the 
mutation.

Material and Methods

This cross-sectional study was carried out from Mar 
2023 to Mar 2024 at Thalassemia Department, 
Fatima Jinnah Medical College, Lahore. After taking 
approval from ethical committee Reference No 
UCP/ORIC/EC/08 Dated 24-08-23. A total of 80 
subjects with low hemoglobin levels (under 10mg/dl) 
suspected of having hemo-globinopathies and 
voluntary individuals with signs and symptoms of 
anemia, who attended hospitals, were recruited for 
this study. All were ethnic Arabs, with ages ranging 
between 1.2 and 34 years (median age of 7.8 years). 
They included 38 males and 42 females. 3 ml whole 
blood samples were collected in EDTA-coated tubes 
from patients during their hospital visits and used 
immediately. Hemoglobin level: The level of 
hemoglobin was checked using the Reflotron Plus 
(Roche, Germany) Roche diagnostic GmbH machine. 

Complete blood count was determined using the 
Coulter Micro diff II machine according to the 
manufacturer's instructions, in addition to routine 
examination of peripheral blood films. A sickling test 
was performed by adding 50 μl of well-mixed whole 
blood to 4 ml of phosphate buffer/sodium hydrosulfite 
solution (one tube for each test and each control). The 
tube was covered with a cap or parafilm, mixed three 
or four times, and then incubated in the reading rack 
for 10 to 20 minutes at room temperature. A positive 
result was indicated by the presence of turbidity and 
the absence of visible lines on the reading rack.  
Electrophoresis of the hemoglobin solutions was 
carried out in an apparatus (HelloBio), utilizing the 
alkali denaturation technique as follows: Venous 
blood was drawn from fasting individuals into EDTA-
treated vacuum tubes. About 100-200 µl of whole blood 
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was added to a tube with 10 ml saline and centri-fuged. 
30 µl of the sediment was mixed with 130 µl of 
hemolyzing solution. Then, 5 µl of each hemolysate 
was applied across the slits and left for 20 to 30 seconds 
to allow absorption. The gel was placed in the tank with 
samples on the cathodic side and run at 200 volts for 
20 minutes. The gel was dried completely with hot air 
(less than 60°C) and stained for 5 minutes with a protein 
staining solution. The film was destained for 5 minutes 
in three destaining solution baths and dried again with 
hot air. The results were analyzed, and the standards were 
evaluated and analyzed by software using HbAFSA2 
and HbAFS protein.

Results

Low hemoglobin concentration is a common manifes-
tation of anemia caused by many environmental factors, 
such as malnutrition and hemorrhagic conditions, or 
by hereditary factors, such as hereditary persistence 
of fetal hemoglobin (HPFH) and hemoglobinopathies 
(HbP).  The normal ranges of Hemoglobin in adults 
and infants are represented in Table 1. In the case of 
hemoglobinopathies, the percentage of HbA, HbS, and 
HBA2 is disturbed due to mutation in the beta chain 
of hemoglobin. In this study, we found that the age of 
HbA2, HbAF, and HbAS carriers was older than HbF 
and HbS hemoglobin type carriers. The 70 unrelated 
blood samples derived from Iraqi β-thalassemia and 
sickle cell carriers were analyzed to elicit several forms 
of sickling and β-thalassemia hemoglobin protein 
patterns as follows. Table 2 shows the representative 
characteristics of Beta thalassemia and sickle cell dis-
orders. Thalassemia gene carriers are characterized 
by the absence of the S form of hemoglobin (HbS), 
having a high concentration (70-90%) of the fetal form 
of hemoglobin (HbF), accompanied by an HbA2 hemo-
globin pattern as low as normal (less than 1%) as shown 

in Figure 1, and the highest percentage of hypochromic 
and reticulocytes obtained by blood film monitoring. 
In Figure 2, the difference between the normal and 
variant of hemoglobin polypeptide is also indicated in 
which Hb-A has normal Glutamate at 6th position, while 
Hb-S, the variant of polypeptide indicating that valine 
replaced the glutamate at 6th position, represented in 
red color.

Figure 1: HPLC of an adult thalassemia disease carrier

Figure 2: Electrophoretic hemoglobin pattern of sickling 
trait
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Table 3:  Comparison of Predictive Values (Bishop Score 
vs. Cervical Length)  

Hemoglobin Chains
Normal % 

Adult
Normal % 

Neonate

HbA Α2, β2 96-98% 27%

HbF Α2, γ2 0.5-0.8% 70%

HbA2 Α2, δ2 1.5-3.2% 0.3%

Table 2:  Representative characteristics of Beta thalassemia and sickle cell disorders

Hemoglobinopathies Hb(AS) Hb(S) Hb(FS) Hb(F) Hb(AF) Hb(A2)

N 15 7 8 9 12 7

Age (years) 28.3-34 2-28 1.8-5.2 1-2.8 2-6 2.5-7

Hb g/dl 10.04±1.35

8-2

9.3±1.5

7.8-12.2

8.3±1.8

6.2-12

5.3±1.4

3-8

7.4±1.6

5.5-10.8

9±1.3

6.8-10.8

Reticulocytes 2.67±1.06

1.2-4.06

1.83±0.53

1.96-3.2

3.74±1.19

2-5.4

6.1±1.9

4-10

3.3±0.79

2.2-4.8

2.90±0.87

2-3.88

Hb F (%) 48.2±8.19

33.6-60

86.62±5.8

79.8-93.2

40.15±6.77

28.8-48

Hb A2 1.27±0.45

0.53-2.02

0.92±0.51

0.22-2.0

0.83±0.66

0.1-2.02

0.96±0.47

0.56-26

1.58±0.71

0.8-3.2

9.33±2.49

6.22-12.3

HbS 42.41±6.70

30.8-55

85.04±6.28

78.4-92.06

40.4±6.85

30.8-50.2



Discussion

Hemoglobinopathies are the most common red blood 
cell genetic disorder, for its treatment it is necessary to 
recognize the mutations in hemoglobin chains. Abnor-
malities of hemoglobin are quite common, mostly it is 
detected in public by surveys and prevention programs 
laid for the treatment of hemoglobinopathy. For better 
confirmation of any abnormality in hemoglobin, at 
least two methods of detection are used. The more 
efficient methods of diagnosis are CE-HPLC (Cation 
exchange high-performance chromatography), CE 
(Capillary electrophoresis and IEF (isoelectric focusing). 
CE HPLC is used to diagnose abnormalities in adults 
as well as in children, it is able to differentiate between 
SS, AS, SD, S-β+-thal, AC, SC, and C-β+-thal, in blood. 

21Red blood cells become more glycosylated in old age .  
In the case of isoelectric focusing, variants of hemoglobin 
having different isoelectric points can be separated 
from each other at zero pH. In this way, different mutants 
can be identified so far.

In this study, we found that the age of HbA2, HbAF, 
and HbAS carriers was older than HbF and HbS hemo-
globin type carriers. The 70 unrelated blood samples 
derived from Iraqi β-thalassemia and sickle cell carriers 
were analyzed to elicit several forms of sickling and 
β-thalassemia hemoglobin protein patterns as follows. 
The presence of mild microcytosis, in the absence of 
iron deficiency, suggests the presence of β-thalassemia. 
These carriers or individuals with β-thalassemia trait 
are essentially normal, although they can usually be 
detected by screening red cell indices that demonstrate 
a reduced mean corpuscular volume (MCV) and reduced 
mean corpuscular hemoglobin value (MCHV). Gel 
electrophoresis precisely determines the elevation of 
hemoglobin A2 levels in thalassemia minor. Our result 
is consistent with other studies previously submitted in 
literature. This thalassemia intermediate pattern may 
result from the elevation of fetal hemoglobin (HbF) to 
around 30-50% as illustrated in thalassemia disease.

Hemoglobin gel electrophoresis may yield a pattern 
of 65% sickle hemoglobin and 34% F hemoglobin. 
The presence of normal (A) hemoglobin in combination 
with more than 90% S hemoglobin has so far only been 
encountered in sickle cell-thalassemia disease. Blood 
transfusions are required during the treatment of this 
disease.

This genetic disorder is accompanied by one normal 
gene and one sickle cell gene (HbS). It is an autosomal 

recessive disease, for an infected person it is necessary 
to be homozygous for the sickle cell genes. A protein 
with a negative charge, hemoglobin (Hb) is drawn to 
the anode pole of an electric current and separates from 
the positive pole as a result. The kind and intensity of 
the charge, in addition to the hemoglobin type's molecular 
weight, influence this movement. Currently, the hemo-
globin molecule is known to be susceptible to over 300 
genetic mutations, some of which have obvious clinical 
consequences and pose a serious risk to health, parti-

22cularly in heterozygous conditions.

Certain studies suggest that the fractional HbS content 
of sickle trait erythrocytes may influence the severity 

22of certain clinical complications.  The amount of S 
hemoglobin in sickle cell trait carriers has been found 
to vary from 34 to 39%, without any apparent correla-
tions to the severity of their clinical manifestations. 
We encountered several instances of low hemoglobin 
values in patients with a positive sickling test, caused 
by a variety of anemia superimposed on the sickling 
trait. Electrophoretic analysis of the hemoglobin of some 
individuals revealed that even in the absence of a posi-
tive sickle cell test by blood film test, erythrocytes may 
still contain small amounts of S hemoglobin, consistent 

23
with a study.  The reduction of the HbS level in the 
sickle cell trait associated with α-thalassemia can be 
explained by a greater affinity of BA than BS chains 
for α chains in limited supply.

Electrophoresis of hemolysates of patients with sickle 
cell anemia produced a characteristic pattern, which 
consisted of a major component of hemoglobin S sho-
wing variations from 70 to 91%, and usually with recip-
rocal values for F hemoglobin (data not shown). Fetal 
hemoglobin (HbF) is a major contributor to the remark-
able phenotypic heterogeneity of sickle cell anemia 

24
and influences the levels of disease severity.  Since, in 
some patients with the disease, the minor component 
was less than 5% or even absent, quantitation of the 
fetal fraction from gel electrophoresis is necessary. 

Our results indicated that SCA patients' blood films are 
characterized by a low rate of hypochromic and reticulo-
cyte cells by microscopic diagnoses. By indirect inves-
tigations, we revealed that some anemia patients may 
have suffered from transient hemolysis due to pyogenic 
infection or occurrence of G6PD (glucose-6-phosphate 
dehydrogenase deficiency), but not due to heritable 
hemoglobin disorder. In those individuals, hemolysis 
ceased after appropriate treatment. It may be argued 
that the high consanguinity rate among homozygous 
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individuals may have affected the actual frequencies 
of hemoglobinopathies' emergence. The significant 
stimulus to carry out such studies was the demonstration 
that hemoglobin in hemoglobinopathy patients is electro-
phoretically different from normal adult hemoglobin, 
and their assessment does not require a complex appa-
ratus and special skills necessary for common detection 
methods.

Conclusion

Hemoglobinopathies and hemoglobinopathy traits 
require comprehensive laboratory examination using 
CBC, blood cell morphology, and qualitative and quan-
titative electrophoresis. The results indicate the impor-
tance of quantifying HbA, HbF, and HbA2 to aid in the 
differential diagnosis of different types of hemoglobino-
pathies. This investigation narrates a rapid, efficient, 
and simple method that can quantitatively analyze the 
proportions of various hemoglobin variants present in 
the blood sample. Hemoglobin gel electrophoresis is a 
simple and convenient technique for studying hereditary 
hemoglobinopathies at an alkaline pH (4.8 to 6.8). We 
suggest extending its usage to detect other hemoglobin 
disorders.

Funding Source     None

Conflict of Interest   None

References

1. Qadir, M., & Amir, S. (2017). Frequency of beta Thalas-
semia trait in pregnant anemic patients attending Khyber 
teaching hospital, Peshawar-Pakistan. Khyber Medical 
University Journal, 9(4), 185-187.

2. Tabassum, F., Sethi, S., Khalid, A., & Noreen, M. (2021). 
Determinants of Diagnostic and Treatment Delay 
Among Thalassemia Patients in Sialkot. Esculapio 
Journal of SIMS, 17(1), 93-99.

3. Weatherall, D. (2019). Beginnings: the molecular patho-
logy of hemoglobin. Molecular Hematology, 1-20.

4. Karim, M. F., Ismail, M., Hasan, A. M., & Shekhar, H. 
U. (2016). Hematological and biochemical status of 
Beta-thalassemia major patients in Bangladesh: A com-
parative analysis. International journal of hematology-
oncology and stem cell research, 10(1), 7.

5. Al-Ghanimi, H. H., AL-Essawi, Z. S. O., AL-Nasrawi, 
T. H., Howaidy, S. H., Kadhim, H. M., & Al-Mihyawi, 
R. (2019). Hematological characteristics and bioche-
mical status of beta-thalassemia major patients in Kerbala 
Holy city. Biochemical and Cellular Archives, 19, 2301-
2305.

6. Zahed, R. (2023). Effective Utilization of Molecular 
Genetic Screening of Patients with Sickle Cell Disease 
and Beta Thalassemia Major in Saudi Arabia (Doctoral 
dissertation, University of Sheffield).

7. Lawrence, C., & Meier, E. R. (2021). Erythrocyte dis-
orders. Biochemical and Molecular Basis of Pediatric 
Disease, 529-560.

8. John, C. C., Opoka, R. O., Latham, T. S., Hume, H. A., 
Nabaggala, C., Kasirye, P., ... & Ware, R. E. (2020). 
Hydroxyurea dose escalation for sickle cell anemia in 
Sub-Saharan Africa. New England Journal of Medicine, 
382(26), 2524-2533.

9. Ansari, J., & Gavins, F. N. (2019). Ischemia-reperfusion 
injury in sickle cell disease: from basics to therapeutics. 
The American Journal of Pathology, 189(4), 706-718.

10. Strojny, W., Czogała, W., Tomasik, P., Bik-Multanowski, 
M., Wójcik, M., Miklusiak, K., ... & Skoczeń, S. (2021). 
Concentrations of insulin-like growth factors and 
insulin-like growth factor-binding proteins and respec-
tive gene expressions in children before and after hema-
topoietic stem cell transplantation. Nutrients, 13(12), 
4333.

11. Ponti, M. L., Comitini, F., Murgia, D., Ganga, R., Canu, 
R., Dessì, C., ... & Origa, R. (2019). Impact of the direct-
acting antiviral agents (DAAs) on chronic hepatitis C 
in Sardinian patients with transfusion-dependent 
Thalassemia major. Digestive and Liver Disease, 51(4), 
561-567.

12. Yu, X., Peng, Y., Nie, T., Sun, W., & Zhou, Y. (2023). 
Diabetes and two kinds of primary tumors in a patient 
with thalassemia: a case report and literature review. 
Frontiers in Oncology, 13, 1207336.

13. Bordbar, M., Bozorgi, H., Saki, F., Haghpanah, S., 
Karimi, M., Bazrafshan, A., & Zekavat, O. R. (2019). 
Prevalence of endocrine disorders and their associated 
factors in transfusion-dependent thalassemia patients: 
a historical cohort study in Southern Iran. Journal of 
endocrinological investigation, 42, 1467-1476.

14. Qaiser, A., Azia, S., Irum, N., & Ghaznavi, S. (2020). 
Comparison of Levels of Iron, Ferritin and Aminotrans-
ferases in Serum and Saliva of Beta Thalassemia Major 
Patients. International Journal of Pathology, 79-84.

15. Denoix, E., Bomahou, C., Clavier, L., Ribeil, J. A., 
Lionnet, F., Bartolucci, P., ... & Arlet, J. B. (2020). Pri-
mary hyperparathyroidism in sickle cell disease: an 
unknown complication of the disease in adulthood. 
Journal of Clinical Medicine, 9(2), 308.

16. Warncke, K., Konrad, K., Kohne, E., Hammer, E., 
Ohlenschlaeger, U., Herrlinger, S., ... & Holl, R. W. 
(2016). Diabetes in Patients with ß-thalassemia or other 
Hemoglobinopathies–Analysis from the DPV Database. 
Klinische Pädiatrie, 228(06/07), 307-312.

Esculapio - Volume 20, Issue 03 2024 - www.esculapio.pk - 430



17. Kolnagou, A., Kontoghiorghe, C. N., & Kontoghiorghes, 
G. J. (2018). New targeted therapies and diagnostic 
methods for iron overload diseases. Front Biosci (Schol 
Ed), 10(1), 1-20.

18. Silvilairat, S., Charoenkwan, P., Saekho, S., Tanti-
worawit, A., & Chattipakorn, N. (2021). Carvedilol 
improves left ventricular diastolic dysfunction in patients 
with transfusion-dependent thalassemia. Annals of 
Pediatric Cardiology, 14(2), 152-158.

19. Akiki, N., Hodroj, M. H., Bou-Fakhredin, R., Matli, K., 
& Taher, A. T. (2023). Cardiovascular complications 
in β-thalassemia: getting to the heart of it. Thalassemia 
Reports, 13(1), 38-50.

20. Masra, F., Razak, S., Murad, N., Chong, D., Loh, C. K., 
Sabudin, R., ... & Latiff, Z. (2021). Genotype-Phenotype 
Correlation Among Haemoglobin E β-thalassaemia 
Patients.

21. Piety, N. Z., George, A., Serrano, S., Lanzi, M. R., Patel, 
P. R., Noli, M. P., ... & Shevkoplyas, S. S. (2017). A 
paper-based test for screening newborns for sickle cell 
disease. Scientific reports, 7(1), 45488.

22. Hassan, S., Bahar, R., Johan, M. F., Mohamed Hashim, 

E. K., Abdullah, W. Z., Esa, E., ... & Zulkafli, Z. (2023). 
Next-generation sequencing (NGS) and third-generation 
sequencing (TGS) for the diagnosis of thalassemia. 
Diagnostics, 13(3), 373.

23. Waitumbi, J. N., Kifude, C. M., Hunja, C. W., & Ogutu, 
B. R. (2018). Females of HbAS genotype have reduced 
concentration of the malaria protective deoxyhemo-
globin S than males. PloS one, 13(9), e0203455.

24. Adeyemo, T. A., Ojewunmi, O. O., Oyetunji, I. A., Rooks, 
H., Rees, D. C., Akinsulie, A. O., ... & Menzel, S. (2018). 
A survey of genetic fetal-haemoglobin modifiers in 
Nigerian patients with sickle cell anaemia. PLoS One, 
13(6), e0197927.

Authors Contribution  
SI: Conceptualization of  Project
AA: Data Collection
SP: Literature Search

SZ: Statistical Analysis

SH: Drafting, Revision
AA: Writing of Manuscript

Esculapio - Volume 20, Issue 03 2024 - www.esculapio.pk - 431


	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143

