
 

 

 

 

ABSTRACT  

        Background and Objective: Normal hemoglobin (Hb) is formed of a heme group and 

a protein group known as globin. Globin is made of four polypeptide chains and in 

hemoglobinopathies, the structure of one of these four polypeptide chain becomes abnormal. 

Cellulose acetate method is a common way to differentiate haemoglobinopathies. Inability to 

identify the components of Hb low concentrations and incapability to isolate all Hb types are 

among the disadvantages of this method. The aim of this study was to report the prevalence of 

hemoglobinopathies in the North of Iran by capillary electrophoresis method. 

      Methods: All patients with suspected hemoglobinopathies, referred by physicians for 

electrophoresis, have been studied in a private center in the city of Gorgan, Iran. The level of 

HbA2, HbA, HbF and other Hb was recorded. 

       Results: Overall, 725 blood samples were analyzed using the capillary method. HbE was 

reported in 2 patients, HbH was observed in 2 patients and Hb Barts was reported in 3 

patients. Using the capillary method, among patients with the SDG area, only 4 of 38 (10.52%) 

had HbS and the majority of them (89.48%) had HbD. 

      Conclusion: HbD is the most common hemoglobinopathy in the North of Iran.  

        Keywords: Hemoglobinopathy; Hemoglobin D; Capillary Electrophoresis; Iran. 
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electrophoresis method, high performance 

liquid chromatography (HPLC) could also 

be applied for the separation of HbA2 from 

HbE.(6) the disadvantages of using HPLC 

methods include false reduction of HbA2 in 

HbD-Punjab, false increase in HbS of 

patients (heterozygous and homozygous) 

and interaction of HbA2 with other Hb-like 

HbE.(7) The accurate diagnosis and 

quantitative determination of normal and 

abnormal Hb forms  are of great clinical 

importance. Since normal HbF and A are 

changed frequently in patients with 

thalassemia and hemoglobinopathies, 

determination of Hb levels can be useful for 

the diagnosis of these patients. On the other 

hand, the high prevalence of 

hemoglobinopathies in Golestan province 

(according to the official statistics of 1995) 

highlights the need of accurate and safe 

diagnostic methods. Therefore, this study 

aimed to report the prevalence of 

hemoglobinopathies in the North of Iran 

using the capillary electrophoresis method. 

MATERIAL AND METHODS  

      All patients with suspected 

hemoglobinopathies, referred by physicians 

for electrophoresis, have been studied in a 

private center in the city of Gorgan, Iran, in 

2013. Hb electrophoresis was performed by 

Sebia minicap (France). The level of HbA2 

and HbA, HbF and other Hb were recorded 

for each individual. The distorted and 

suspected results, including the results that 

the electrophoresis system could not 

determine the exact type of Hb, were 

excluded from the study. The blood samples 

(n=725) were obtained from 378 females 

and 347 males. The blood samples were 

then analyzed using the capillary method to 

detect hemoglobinopathies. 

RESULTS 

       The participants were 378 females and 

347 males. The prevalence of HbD, HbS 

and HbE were 34(4.68), 4(0.55), 4(0.55), 2 

(0.27) %, respectively (Table 1). 

 

 

 

 

 

INTRODUCTION 

       Normal hemoglobin (Hb) is composed 

of a protein group known as globin and a 

heme group that is identical in all types of 

human Hb. In hemoglobinopathies, the 

structure of one of the four polypeptide 

chains that compose globin become 

abnormal. These abnormalities are often 

caused by the replacement of a single amino 

acid. Hemoglobinopathies can be divided 

into two subcategories: Thalassemia and 

structural disease. (1) The structure of Hb is 

different in the blood of infants and adults. 

In Infant blood, HbF level is about 70 to 80 

% and HbA 20 to 30%. However, in adults, 

HbA, HBA2 and HbF are 97, 2.5 and 0.5 %, 

respectively. (2) According to the World 

Health Organization (WHO), at least 5.2 % 

of the world’s population is the carrier of a 

defective form of Hb, while the HbS form 

makes about 40% of all cases. In addition, 

about 20% of the world's population has 

alphathalassemia. It is estimated that about 

332,000 infants per year are born worldwide 

with various type of hemoglobinopathies, 

while sickle cell anemia and major 

thalassemia are responsible for about 

275,000 (83%) and 56,000 (17%) of these 

cases, respectively. Almost 3.4% of annual 

mortalities among under-5 children is 

caused by Hb defects.(3) Due to prenatal 

diagnosis or abortion, the prevalence of 

birth with major beta-thalassemia (β-TM) in 

Iran has declined from 39.38 to 2.68 cases 

per 100,000 live births from 2005 

to2010.(4) Cellulose acetate method is a 

common way to differentiate 

haemoglobinopathies due to its many 

advantages including, ease of use, rapid 

separation of HbA, F, S and C portability 

and long-term maintenance. However, lack 

of Hb components identification with low 

concentrations and inability to isolate all Hb 

types, especially unstable Hb, are among its 

disadvantages. Also HbF and A observed 

together when not be separated due to low 

levels of each against the high level of 

another (5).  In addition to using capillary  

 

 

 

 

 

The type of hemoglobin Mean percent ± SD Frequency N (%) 

HbA 92.94 ± 11.9  

HbA2 3.2 ± 1.25  

HbF 4.36 ± 13.84  

HbE 25.95 ± 0.35 2 (0.27) 

HbD 43.18 ± 16.65 34(4.68) 

HbS 35.2 ± 2.91 4(0.55) 

HbH 9.95 ± 6.43 2 (0.27) 

HbBarts 0.93 ± 0.58 3 (0.41) 

 

Table 1- The mean and standard deviation of types of hemoglobin and Frequency distributions in the capillary 

electrophoresis 
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1.1% of neonates. In England, one in every 

2,000 newborns has sickle cell anemia (10). In 

the Middle East, the highest incidence is seen in 

Saudi Arabia where the frequency of carriers is 

4.2% and 0.26% are patients.  Eastern provinces 

have the highest prevalence where 17% are 

carriers and 1.2% are patients. The prevalence 

of this disease in India has increased from 9.4% 

to 22.2%. (11) In the present study HbE was 

reported in 2 cases (25%) by the capillary 

method. In contrast, HbE was not reported in 

the acetate method. Meanwhile, HbA2 was 

reported very high in two patients in the 

cellulose acetate method, which was probably 

due to the inability of this method to distinguish 

HbE from HbA2. HbE is composed of two 

alpha chains and two beta chains. A mutation in 

the beta chain of the Hb can cause mild chronic 

hemolytic anemia, which is often seen in 

Southeast Asia (Thailand, Myanmar, Cambodia, 

Laos and Vietnam) with an average prevalence 

of 30 to40%. Also, the prevalence of carriers in 

Northeastern India and Northeastern Thailand is 

about 60% and 50 to70%, respectively. The 

HbE mutation found in the European patients 

and East Asian patients are divergent, which 

indicates that the origin of their genetic 

mutation is different. The prevalence of HbE is 

very low among white and black people (12).  

Alpha–thalassemia is one form of thalassemia 

that involves HbA1and HbA2 genes. Alpha–

thalassemia is the result of the impaired 

production of one, two, three, or four alpha-

globin chains. Thus, the alpha-globin chain 

decreases and leads to formation of four beta 

chains (HbH) and four gamma chains (HbBarts) 

in adults and infants, respectively (13). Since 

Hb Barts has four gamma-chains with low 

solving capability, it accumulates in red blood 

cells. In addition, its intense desire for oxygen 

prevents oxygen delivery to tissues (14). As 

indicated by our results, HbH was reported in 2 

patients via the capillary method with average 

Hb of 9.95%. Also, Hb Barts was reported in 3 

patients with a mean of 0.93%. Kim and 

coworkers in 2011 compared the capillary 

electrophoresis method with cellulose acetate 

method regarding the detection of 

hemoglobinopathies. The study was performed 

in two groups where one group had normal 

CBC and another group had hypo-chromic 

microcytic anemia (103 patients). n the group 

with hypo-chromic microcytic s anemia, 29 

patients showed reduced HbA2, 2 cases had 

increased HbA2, 3 cases had  increased HbF  

DISCUSSION 
       Generally, HBS, G and D migrate closely 

together in the cellulose acetate method, making 

them difficult to differentiate. According to the 

worldwide prevalence of this condition, it is 

mainly considered as HbS. In the capillary 

method, HbD was recorded in 34 patients, HbS 

in 4 patients and HbG was not found. Among 

all the evaluated patients with SDG status, only 

4 of 38  (10.52%) were found with HbS, while 

the majority of the cases (89.48%) had HbD. 

HbD was the fourth most common variant of 

Hb among its seven  types. The most common 

and popular is the HbD Punjab, named for its 

high prevalence in the Punjab region of India 

and Pakistan. Hb is also highly prevalent in the 

Xinjiang region of China. Studies have shown 

that HbD is responsible for more than 55% of 

all Hb variants in these regions. A person with 

both HbD and HbA is a carrier of HbD that 

increases the risk of HbD disease and beta-

thalassemia disease.  HbD disease can cause 

mild hemolytic anemia with mild to moderate 

splenomegaly. (8) HbS, which is an Hb variant, 

often is seen in patients with sickle cell anemia 

and is the result of a point mutation in the beta-

chain. Sickle cell anemia is most prevalent in 

tropical regions, particularly desert of South 

Africa, India and the Middle East. It is also seen 

in Europe due to high rate of immigration from 

these areas to the European countries. 

Nevertheless, 75% of all sickle cell anemia 

cases are found in Africa. In a recent report by 

the WHO, approximately 2% (150,000 children) 

of all neonates in Nigeria are affected by sickle 

cell anemia. Sickle cell trait prevalence is 10 to 

40% in Nigeria and tropical Africa, one to two 

percent in North Africa and less than one 

percent in South Africa. Almost 90,000 

Americans are affected by sickle cell anemia 

while the prevalence of this disease in America 

is estimated as 1in 5,000 often observed in 

migrants from the desert of South Africa. 

According to the report of the National 

Institutes of Health in America, one in every 

500 African-American children and one in 

every 36,000 Spanish –American children are 

born with sickle cell anemia. Most new born 

with sickle cell anemia are detected in America 

by routine screening tests (9). In Europe, the  

problem in France. In 2010, 341 newborns were 

born with Sickle cell anemia and 8744 

heterozygote carrier that it was equivalent of 

Winichagoon et al. investigated the common Hb 

variants in Thailand using the capillary 
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immigration from North Africa and South 

African desert. This has caused Sickle cell 

anemia to be considered as a serious health 

electrophoresis method. Overall, 459 adults 

consisted of healthy subjects, carriers of 

thalassemia and different genotypes of 

thalassemia were entered in this study. In HbE 

carriers, HbA 2 wasincreased by 3.5 ± 0.4% 

confirming that HbE is the silent phenotype of 

beta-thalassemia (18).  Keren and coworkers in 

2008 compared Sebia capillary electrophoresis 

with HPLC methods to study 

hemoglobinopathies among 297 individuals.  

HbA level was similar in both methods, but the 

HbA2 level was higher in the capillary 

electrophoresis method. Also HbS was reported 

higher in this method compared with the HPLC 

method. In the capillary electrophoresis method, 

HbA2 was not from HbC, but it was from HbE. 

The results of the study showed the benefits of 

both methods in hemoglobinopathies (19).  

Evaluation of patients with SDG by the 

capillary method showed that only 4 of 38 

patients (10.52%) had HbS and the majority of 

the patients (89.48%) had HbD. Because of the 

inability of the cellulose acetate method to 

differentiate HbS, G and D, was unclear which 

of Hb was considered, but due to the worldwide 

prevalence of this status, it was mainly 

considered as HbS.  

CONCLUSION 
      The cellulose acetate method is not 

suggested as an appropriate method for accurate 

screening of hemoglobinopathies. Due to the 

close binding of HbS, D and G fractions and 

also E, A2 and O-Arab, the use of capillary 

method is recommended. 
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and 2 cases showed an increase in both Hb. 

(15)Higgins et al. in 2009 studied the capillary 

electrophoresis method for quantitative 

evaluation of HbA2 in patients with and without 

beta-thalassemia, and assessed heterozygous 

patients for HbE, HbS, HbC and HbD Punjab. 

With capillary system, HbA2 was lower in 

patients with beta-thalassemia and without 

thalassemia. The results of this study 

demonstrate that the capillary 2 method is 

superior to the Variant II method for HbA2 

quantified measurement (16). Mais and 

coworkers in 2009 studied the rate of HbA2 

association with HbE in the capillary 

electrophoresis method. The available samples 

with HbE were studied for evaluation of 

hemoglobinopathies using the capillary 

electrophoresis and HPLC methods. Fifty-two 

adult heterozygote patients were compared with 

209control subjects in terms of HbE. The mean 

of HbA2 in patients with HbE was 4.3% that 

was significantly higher than the control group 

(2.6%). Seven heterozygous samples were also 

analyzed or HbE. The mean of HbA2 was 4.4% 

in this group, which was significantly higher 

than the heterozygous group. (6) In Thailand, 

Srivorakun and colleagues in 2009 examined 

fetal blood using the capillary electrophoresis 

method for hemoglobinopathies. In this study, 

47 blood samples were studied by cordocentesis 

in18-28 weeks using the capillary 

electrophoresis system. Of these, 47 samples, 20 

cases were at risk of Hb Bart's hydrops fetalis. 

DNA analysis, detected four cases of 

homozygous alpha-thalassemia. Hb analysis 

with capillary electrophoresis indicated a high 

level of Hb Barts (3.81-4.78%) and HbH (0.8-

4.1%) and lower level of embryonic HbS. There 

was no case of HbF and HbA found in this 

study. The results of this study indicated 

capillary electrophoresis efficient for the 

assessment of prenatals evere thalassemia (17).  

In 2008, highest incidence is seen in France due 

to its African Caribbean population growth and  
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