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ABSTRACT 
Introduction: Thalassemia is a significant public health 
concern in Malaysia, with an estimated 6.8% of the 
population being carriers. These individuals may experience 
varying severities of anaemia. Alpha thalassemia, in 
particular, results from deletions or mutations within the α-
globin gene complex, leading to reduced or absent α-globin 
chain production. Haemoglobin Constant Spring (Hb CS) is 
one of the most common non-deletional alpha-thalassemia 
variants, characterized by a specific mutation in the HBA2 
gene. 
 
Materials and Methods: A cross-sectional study utilized data 
from 159 samples collected during the National Thalassemia 
Screening Program for Form 4 students in Terengganu from 
2019 till 2022. Haemoglobin analysis was conducted with the 
capillary electrophoresis (CE) and high-performance liquid 
chromatography (HPLC) methods. DNA analysis was 
performed using multiplex PCR and ARMS to detect both 
deletional and non-deletional α-thalassemia.  
 
Results: Three different types of Hb CS were observed. 
Among the 159 samples, 137 (86.2%) were heterozygous, 20 
(12.6%) were compound heterozygous, and 2 (1.3%) were 
homozygous for Hb CS.  
 
Conclusion: These findings offer valuable insights for 
improving genetic counselling practices and public health 
strategies, especially in regions with a high prevalence of 
thalassemia. 
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INTRODUCTION 
Thalassemia is the most common inherited haemoglobin 
disorder worldwide, with an exceptionally high prevalence in 
Southeast Asia, including Malaysia.1,2 It is one of Malaysia's 
most prevalent inherited blood disorders, where 
approximately 4.5% of the population are carriers of either 
beta thalassemia or alpha thalassemia.3 
 
Alpha thalassemia results from impaired production of 
alpha-globin chains, an essential component of 
haemoglobin. While the deletional forms of alpha 
thalassemia are well-documented, non-deletional variants 

such as Haemoglobin Constant Spring (Hb CS) are less 
recognized but equally significant due to their clinical 
implications.4 
 
Hb CS is caused by a point mutation in the alpha-globin gene 
(α2), resulting in a termination codon being replaced by a 
glutamine codon. This leads to an elongated alpha-globin 
chain that is unstable and inefficiently produced, 
exacerbating globin chain imbalance.5,6 Individuals with Hb 
CS may present with a spectrum of clinical phenotypes, from 
asymptomatic carriers to severe forms of alpha thalassemia, 
especially when co-inherited with other alpha-thalassemia 
mutations.4 
 
Several methods for screening thalassemia include capillary 
electrophoresis (CE) and high-performance liquid 
chromatography (HPLC). In CE, a peak will appear in Zone 2 
for Hb CS, while in HPLC, Hb CS sometimes produces a small 
peak in the C window at a retention time of 4.90 to 5.30 
minutes.7,8 Screening programs for thalassemia have been set 
up for all form four students between the ages of 15 and 16 
by the Malaysian Government.9 This screening program aims 
to determine the thalassemia carrier rate among students in 
a secondary school and educate these healthy carriers on the 
risks and options for preventing the birth of children with 
severe thalassemia syndromes.10  
 
The prevalence of Hb CS varies significantly across different 
populations, reflecting genetic, geographic, and cultural 
influences. In Malaysia, some communities' multi-ethnic 
composition and high consanguinity rates contribute to a 
diverse hemoglobinopathy landscape. However, 
comprehensive data on Hb CS prevalence remains limited, 
particularly at a population level. This study aimed to 
determine the prevalence of Hb CS, a subtype of alpha 
thalassemia, among form four students in Terengganu, 
Malaysia. By employing advanced diagnostic techniques 
such as capillary electrophoresis and molecular analysis, we 
seek to provide insights into the epidemiology of Hb CS in this 
region. The findings will enhance the understanding of this 
condition and inform strategies for genetic counselling, 
population screening, and public health initiatives. 
 
 
MATERIALS AND METHODS 
This cross-sectional study involved Form Four students aged 
15 to 16 who were screened for thalassemia as part of the 
National Thalassemia Screening Program in Terengganu. 
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Data for the study were collected from the laboratory 
information system covering the period from January 2019 to 
December 2022. Access to this data was granted only after 
obtaining the necessary ethical clearances. Ethical approval 
for data collection and analysis was secured from the Medical 
Research and Ethics Committee (NMRR ID-23-00137-ACP) 
and the Human Research Ethics Committee of Universiti 
Sultan Zainal Abidin (UHREC) (UniSZA/UHREC/2023/569) 
prior to the commencement of the study. Additionally, the 
study adhered to the ethical principles outlined in the 
Declaration of Helsinki. A total of 159 samples were selected 
based on a peak at Zone 2 on CE and a small peak at the C 
window on HPLC. DNA or molecular analysis was conducted 
using multiplex polymerase chain reaction (PCR) and 
amplification-refractory mutation system (ARMS) techniques 
to identify both deletional and non-deletional α-thalassemia 

mutations. The molecular analysis specifically targeted 
common α-thalassemia mutations prevalent in Malaysia, 
including deletional mutations such as –α3.7, –α4.2, and ––SEA, 
as well as non-deletional mutations such as Haemoglobin 
Constant Spring (Hb CS; HBA2: c.427T>C) and Hb Adana 
(HBA2: c.179G>A). 
 
 
RESULTS  
Ethnicity analysis in this study found that 158 (99.4%) of the 
students with Hb CS were Malays, and 1 (0.6%) was Chinese. 
No cases were observed among Indian or other ethnic groups. 
Molecular studies of the 159 samples with a positive peak in 
Zone 2 on CE confirmed the presence of haemoglobin 
Constant Spring (Hb CS). Among these, 137 samples (86.2%) 
were heterozygous for Hb CS, 20 samples (12.6%) were 

Types and co-inheritance                                           Number of samples (n)                                                 %                                    
Heterozygous Hb CS                                                                     137                                                               86.2 
Homozygous Hb CS                                                                         2                                                                  1.3 
Compound heterozygous Hb CS                                                   20                                                                12.6 

Table I: Distribution of types of Hb CS based on genotypes findings (n = 159)

Types and co-inheritance                                           Number of samples (n)                                                 %                                    
Beta thalassemia trait                                                                     1                                                                  5.0 
Hb CS Quang Sze                                                                            1                                                                  5.0 
Het IVS-1                                                                                          1                                                                  5.0 
Het with α-3.7                                                                               11                                                                55.0 
Het with α-4.2                                                                                 2                                                                 10.0 
Hb CS Malay                                                                                    1                                                                  5.0 
Hb CS with α SEA                                                                            1                                                                  5.0 
Hb CS Adana                                                                                   1                                                                  5.0 
Hb CS D Punjab                                                                               1                                                                  5.0 
Total                                                                                                20                                                               100.0  

 

Table II: Distribution of compound heterozygous Hb CS according to genotypes (n = 20)

Fig. 1: Map highlighting Terengganu and its districts in Malaysia
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compound heterozygous, and two samples (1.3%) were 
homozygous. Of the 159 samples, 54 (34.0%) were from male 
students, and 105 (66.0%) were from female students (Table 
I). 
 
The distribution of compound heterozygous Hb CS cases was 
further analysed and classified based on their genotypes and 
co-inheritance with alpha or beta-thalassemia. Among these 
cases, the most common co-inheritance involved Hb CS with 
the α-3.7 deletion (55.0%) and Hb CS with the α-4.2 deletion 
(10.0%). One case of Hb CS co-inherited with specific beta-
thalassemia variants, including Hb Malay, Hb D Punjab, Hb 
Adana, and β-thalassemia (Table II). 
 
 
DISCUSSION 
Terengganu, located on the east coast of Peninsular 
Malaysia, is part of the Southeast Asian thalassemia belt, 
where hemoglobinopathies are relatively prevalent. It is 
divided into seven administrative districts with the 
population predominantly Malay, with smaller Chinese and 
Indian communities (Figure 1). This ethnic distribution 
mirrors the demographic composition of Terengganu, where 
Malays represent the overwhelming majority, followed by 
minority Chinese and Indian populations. 
 
Terengganu actively participates in the Malaysian National 
Thalassemia Screening Program, which focuses on 
identifying early carriers among high-risk groups, such as 
school students and pregnant women, to prevent disease 
transmission. Despite these efforts, hemoglobinopathies 
remain a significant public health challenge due to 
associated morbidity and the demand for regular 
transfusions and iron chelation therapy in affected 
individuals. 
 
Thalassemia traits are highly prevalent in the state, with 
significant occurrences of both alpha and beta thalassemia 
carriers. Hb CS, a non-deletional alpha-thalassemia 
mutation, is one of the common variants in the region. 
Additionally, other hemoglobinopathies such as Hb E and Hb 
H disease are frequently reported, often in compound forms, 
due to co-inheritance of multiple mutations. 
 
This study investigated the prevalence of Hb CS among form 
four students in Terengganu, Malaysia. The results confirmed 
Hb CS through molecular studies in all 159 samples collected. 
Of these, the majority were heterozygous Hb CS, accounting 
for 86.2%. Additionally, 12.6% were identified as compound 
heterozygous Hb CS, while 2 samples (1.3%) were 
homozygous Hb CS. This prevalence aligns with previous 
studies in Malaysia but highlights the regional genetic 
burden within the east coast states. The high frequency of Hb 
CS necessitates targeted public health strategies, including 
enhanced genetic counselling and community education on 
hemoglobinopathies.11 
 
In cases of compound heterozygous Hb CS, the majority were 
found to have co-inheritance with the -α3.7 deletion. This 
observation aligns with findings reported by Ramli et al., who 
also identified the co-inheritance of the -α3.7 deletion as the 
most prevalent form of thalassemia in Malaysia.12 Among 

Malaysians, the -α3.7 deletion is the most common type of 
alpha thalassemia, leading to a higher incidence of co-
inheritance with Hb CS. Given that Hb CS can lead to 
clinically significant conditions when co-inherited with other 
alpha-thalassemia mutations, early detection is essential.13,14 
Public health initiatives, such as the National Thalassemia 
Screening Program, are instrumental in identifying carriers at 
an early age, allowing for timely interventions, particularly 
in high-risk populations. The incorporation of molecular 
diagnostics into routine screening could further improve the 
detection of non-deletional alpha-thalassemia variants, 
ultimately reducing the burden of severe thalassemia 
syndromes.15 
 
This study has several limitations. First, using both capillary 
electrophoresis (CE) and high-performance liquid 
chromatography (HPLC) for initial screening may introduce 
variability in case selection. Second, the sampling was 
limited to Form Four students from a single Malaysian state, 
which restricts the generalizability of the findings to the 
entire country. Additionally, the ethnic distribution was 
predominantly Malay, reflecting local demographics, but this 
limits the ability to extrapolate the results to multiethnic 
populations. Finally, the small  number of homozygous Hb 
CS cases restricts phenotypic analysis for this specific 
genotype. 
 
 
CONCLUSION 
This study highlights the significant prevalence of 
heterozygous Hb CS among Form Four students in 
Terengganu, Malaysia. The co-inheritance of Hb CS with α-
thalassemia deletions, particularly the –α³·⁷ deletion, 
emphasizes the importance of molecular diagnostics in 
population-based screening. These findings offer valuable 
insights for enhancing genetic counselling practices and 
public health strategies in similar demographic areas. 
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