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ABSTRACT
Objective: Alpha thalassaemia is an inherited blood disorder caused by absence or decrease in production of alpha globin 

polypeptides due to deletion or mutation of one or more of alpha globin genes. Haemoglobin E (Hb E) is a variant of structurally 
abnormal haemoglobin which is frequently seen in Southeast Asia countries. The interactions of Hb E with α thalassaemia yield 
a diversity of clinical syndromes of various severity. The prevalence of alpha thalassaemia with concomitant Hb E is consider-
ably high and this includes Kelantan, a Northeastern state of Malaysia. This study was performed to establish the types and pro-
portion of gene deletions that are accountable for these deletional alpha thalassemia in individuals with Hb E. 

Materials and Methods: A data collection taken from thalassaemia/haemoglobinopathy registry in Hospital Raja Perempuan 
Zainab II, Kelantan was analysed and comprised of 185 blood samples diagnosed with Hb E based on Hb analysis with pre-
sumptive of concomitant alpha thalassaemia which had HbE value of less than 25% from the year 2014 till 2017. 

Results: Eighty nine samples with Hb E (48.1%) were confirmed to have concurrent deletional alpha thalassaemia by multi-
plex PCR. Of these, alpha thalassaemia 3.7 gene deletion was the most common type of deletional alpha thalassaemia with con-
comitant Hb E in Kelantanese with 62.9% (56 samples) and followed by SEA deletion which was 23.6% (21 samples). 

Conclusion: There is a high proportion of concomitant deletional alpha thalassaemia diagnosed in HbE heterozygotes indi-
viduals
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INTRODUCTION

Alpha thalassaemia is an inherited blood disorder caused by absence 
or reduction in production of alpha globin polypeptides due to a genetic 
defect either by deletion or mutation of one or more of alpha globin 
genes. In many Southeast Asian countries, there is a high prevalence of 
alpha thalassaemia with gene frequencies of 16-30% in Thailand, 5% in 
the Philippines, 2.6-11% in Indonesia, 4.3% in Brunei and 4.1% in 
Malaysia1). The prevalence for deletional alpha thalassaemia in the 
Kelantan population was recorded as 9.25%2).

In a normal individual, two alpha globin genes are located on each 
chromosome 16 with a normal haplotype of αα and genotype of αα⁄αα. 
Clinical manifestation of thalassaemia will differ and worsen if more 
alpha genes are mutated or deleted. Haemoglobin Bart's hydrops fetalis 
is a condition which is incompatible with extra-uterine life and occur as 
result of all four genes are deleted. If there is only one functional alpha 
globin gene (--/-α) it is known as α thalassaemia intermedia or Hb H 
disease. A patient with HbH disease will present with chronic haemoly-
sis of variable severity. Hb H disease due to deletional alpha thalassae-
mia is clinically less severe as compared to non-deletional Hb H dis-
ease3). If there are 2 alpha globin genes deleted, either by cis or trans 
positional loss, this will result in heterozygosity for α0 thalassaemia (--/
αα) and homozygosity for α+ thalassaemia (-α/-α)1). Clinically, mild 
hypochromic microcytic red cells is observed with no other symptoms. 

With 3 functional alpha globin genes, these individuals are known as 
alpha thalassaemia silent carriers (-α/αα) and display no clinical abnor-
mality.

Haemoglobin E (Hb E) is a variant of structurally abnormal haemo-
globin that can be found very commonly particularly in the Southeast 
Asian region4). The frequency of Hb E carriers in Thailand ranged from 
10-60% and varied from region to region5). Hb E is caused by substitu-
tion of glutamic acid by lysine at codon 26 of the β-globin gene and this 
mutation activates a cryptic mRNA splice site which results in reduced 
synthesis of the β-E chain and clinically manifest as a phenotype of 
thalassaemia6). Hb E syndrome can be diagnosed from capillary electro-
phoresis (CE) by the presence of peak in zone 4 assigned for Hb E. Hb 
E heterozygotes will exhibit 25-30% of the haemoglobin4). 

Interactions of Hb E with α or β thalassaemia may yield a diversity 
of clinical syndromes with different range of severity. The various inter-
actions between Hb E and alpha thalassaemia are evident in Southeast 
Asia regions particularly in our place of interest, Kelantan. Kelantan is 
located at the northeastern region of Malaysia, bordered by Southern 
Thailand and other east coast states of Malaysia i.e. Terengganu and 
Kedah. Kelantan is a multi-ethnic region with a number of ethnic group 
lives including the Malays, Chinese, Indian and aborigines. The high 
occurrence of Hb E with alpha thalassaemia in this region is common as 
compared to the centre part of Malaysia and could be as a result of 
cross-marriage and migration from Thailand population. 

The concurrent inheritance of alpha thalassaemia in Hb E heterozy-

   C   2020 Japan Health Sciences University
             & Japan International Cultural Exchange Foundation



Nur Hidayah M. Y. et al.42

gotes can be either deletional (single gene, double gene or triple gene 
deletion) or non-deletional (mutation). Non deletional alpha thalassae-
mia which are common to be coinherited with Hb E are Hb Constant 
Spring and Hb Adana. A preliminary diagnosis of Hb E heterozygotes 
with concurrent alpha thalassaemia is recognized when a reduced 
amount of Hb E level is seen in capillary electrophoresis in which typi-
cally requires subsequent DNA analysis to confirm for alpha thalassae-
mia7). Molecular diagnosis is acknowledged for definitive diagnosis for 
alpha thalassaemia variant. In spite of this, in certain circumstances 
where molecular facilities are not accessible and feasible, the result of 
the capillary electrophoresis can be possibly used instead for prelimi-
nary diagnosis of thalassaemia or haemoglobinopathy. 

Both thalassaemia and haemoglobinopathy are well-known public 
health concern in developing countries. In order to plan for preventive 
programme and treatment plan, it is crucial to distinguish the proportion 
of thalassaemia and discover the type of accountable deletion2). Hence, 
this study is done to establish the types and proportion of gene deletions 
that are common for the deletional alpha thalassemia in individuals with 
Hb E in Kelantan population. 

MATERIALS  AND  METHODS

Human subjects
The study population was taken from convenience sampling of 185 

subjects diagnosed with Hb E and suspicious of concomittant alpha 
thalassaemia from capillary electrophoresis and HPLC. The duration of 
study was from January 2014 till June 2017. This study involved data 
collection from thalassaemia registry from Hospital Raja Perempuan 
Zainab II (HRPZ II), Kota Bharu, Kelantan. The age of the subjects 
were between 9-67 years old. Some of the samples taken were part of 
the national thalassaemia/haemoglobinopathy screening i.e. 16 year old 
students from secondary schools all over Kelantan. The remainder of the 
samples were from patients treated at HRPZ II. The study was approved 
by the Ethic Committee of Hospital USM, Kelantan and National 
Medical Research Registry (NMRR), Malaysia. 

Haematological parameters analysis
Peripheral venous blood samples were taken and collected in 

EDTA-anticoagulated tube. Blood counts and red cell indices were anal-
ysed using Sysmex XN 3000 automatic blood cell analyser (Kobe, 
Japan). Peripheral blood were also smeared onto glass slides and 
observed under light microscope for morphology assessment. 
Haemoglobin (Hb) analysis was done with automated capillary electro-
phoresis system (CapillaryS 2; Sebia, Paris, France; software version 
6.2). Those subjects with a peak in zone 4 in capillary electrophoresis 
with the value of less than 25% were selected for presumptive diagnosis 

of Hb E with concomitant alpha thalassaemia. However, the presence of 
possible concurrent non-deletional alpha thalassaemia from capillary 
electrophoresis i.e peak in zone 2 which might indicate the presence of 
non deletional alpha thalassaemia such as Hb Constant Spring were 
excluded from this study. 

Genetic analysis
DNA analysis of the subjects with presumptive diagnosis of Hb E 

with deletional alpha thalassaemia were done where DNA extraction 
was performed using DNA extraction kit (DNA Qiagen). α-globin gene 
deletion mutation was detected using the GAP polymerase chain reac-
tion (PCR) and amplification reftractory mutation system (ARMS) for 
the Hb E

RESULTS

Among the 185 samples collected for presumptive diagnosis of Hb 
E with alpha thalassaemia, 89 samples (48.1%) were confirmed to have 
alpha thalassaemia of deletion type (Table 1). As for the demographic 
results, 142 samples were females (76.8%) and remainder of 43 samples 
(23.2%) were male individuals. As Kelantan is predominantly resided 
by the Malay ethnic, the Malays accounted for 175 samples (94.6%) 
while other ethnic groups included were Chinese, Siamese and the 
aborigines. The types of alpha thalassaemia gene deletion were one gene 
deletion (-3.7 deletion and -4.2 deletion), two gene deletions (-SEA 
deletion, compound homozygous 3.7 and compound heterozygous 3.7 
and 4.2) and three gene deletions i.e. Hb H disease (compound hetero-
zygous --SEA deletion and 3.7 deletion). Hb E with concurrent hetero-
zygous alpha thalassaemia 3.7 deletion was the commonest type of dele-
tional alpha thalassaemia which was found in 56 samples (62.9%) and 
followed by two gene deletions Southeast Asian type which was found 
in 21 samples (23.6%). This showed similar findings of frequency for 
deletional alpha thalassaemia in Hb E carriers in a previous study done 
by Teh et al in central part of Malaysia7). Three samples (3.4%) were 
noted to have heterozygous alpha thalassaemia 4.2 deletion. There were 
two other types of two gene deletions found i.e. one sample (1.1%) with 
compound heterozygous of 3.7 and 4.2 deletion and four samples 
(4.5%) with compound homozygous of 3.7 gene deletion. Seventy two 
samples (38.9%) showed absence of concurrent alpha thalassaemia 
regardless of low Hb E level from capillary electrophoresis.

Other than deletional alpha thalassaemia, 24 samples were noted to 
have concomitant non-deletional alpha thalassaemia i.e. 20 samples 
(10.8%) with Hb Constant Spring and 4 samples (2.2%) with Hb Adana. 
The proportion of Hb E with non-deletional alpha thalassaemia could be 
low due to exclusion criteria of the subjects i.e. Hb Constant Spring 
detection from automated CE. (Table 1)

Table 1. Proportion of Hb E trait with concomittant alpha thalassaemia
Hb E trait population

With deletional alpha thalassaemia  1 gene deletion 3.7 gene deletion 
(89 subjects) (48.1%)  (56 subjects) (62.9%)
  
  4.2 gene deletion
  (3 subjects) (3.4%)

 2 gene deletions SEA gene deletion
  (21 subjects) (23.6%)

  3.7 and 4.2 gene deletion
  (1 subject) (1.1%)

  Homozygous 3.7 gene deletion (4 subjects) (4.5%)

 3 gene deletions 3.7 and SEA deletion
  (4 subjects) (4.5%)

No deletional alpha thalassaemia 72 subjects (38.9%)

Others (i.e. non-deletional alpha thalassaemia Hb Constant Spring: 20 subjects (10.8%)

 Hb Adana: 4 subjects (2.2%)
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DISCUSSION

The proportion of Hb E trait with alpha thalassaemia in Thailand 
was high8) and this was similar in observation for the Kelantan popula-
tion. Alpha thalassaemia 3.7 deletion was the most frequent type of 
deletional alpha thalassaemia found in individuals with Hb E and fol-
lowed by SEA deletion. Other less common types of deletional alpha 
thalassaemia discovered were one gene deletion (-4.2 gene deletion), 
two gene deletions (compound homozygous 3.7 gene deletion, com-
pound heterozygous 3.7 and 4.2 gene deletion) and three gene deletions 
(compound heterozygous 3.7 and SEA gene deletion). In 2009, a study 
conducted in Kuala Lumpur showed the most prevalent deletional alpha 
thalassaemia that co-inherited with Hb E trait in Malays were heterozy-
gous 3.7 gene deletion and followed by SEA gene deletion7). These simi-
lar findings were also seen in our study. As Kelantan is neighbouring to 
Thailand, the prevalence of thalassaemia is presumably higher as com-
pared to Kuala Lumpur possibly due to the migration factor and mixed 
marriages. The existence of aborigines in rural areas of Kelantan may 
also contribute to the occurrence of thalassaemia1). Kelantan is also pre-
dominantly inhabited by the Malay ethnic group as verified by nearly 
95% of subjects with Hb E and possible concomitant alpha thalassaemia 
were Malays. 

The actual prevalence might have been underestimated because the 
mutational analysis was not done for all samples. Those subjects with 
Hb E trait that did not proceed with molecular analysis may have undi-
agnosed concurrent alpha thalassaemia .This discovery could be due to 
lack of awareness among the public regarding thalassaemia and haemo-
globinopathy before the National Thalassaemia screening began for the 
secondary school students.

The already known fact stated by Sebia Company, France is Hb E 
level 25-35% for Hb E heterozygous while Hb E level less than 25% is 
presumably due to the presence of iron deficiency anaemia or alpha 
thalassaemia6). In the hospital's thalassaemia registry, numerous subjects 
were identified as Hb E trait with possible alpha thalassaemia or iron 
deficiency anaemia. Nevertheless, not many of them conformed to the 
request for the subsequent needs for DNA analysis or iron studies. 
Sadly, this may leave them to be partially diagnosed with only Hb E 
trait. We recommend for a future study to be done for establishment of 
Hb E level cut off point for Hb E trait with concomitant alpha thalassae-
mia for more accurate and proper diagnosis. 

CONCLUSION

In this study, we established the types and proportion of gene dele-

tions that are accountable for deletional alpha thalassemia in individuals 
with Hb E trait in Kelantan population. Consequently, we discovered 
among Kelantanese, there was high proportion of alpha thalassaemia 
detected concomittantly in Hb E trait individuals. Among all, alpha 
thalassaemia 3.7 gene deletion was found as the most common type of 
deletional alpha thalassaemia in Hb E trait individuals in Kelantan fol-
lowed by SEA gene deletion. We suggest for a follow-up study for more 
comprehensive analysis of subtypes of Hb E trait with concomittant 
deletional alpha thalassaemia in ensuring efficient prevention strategies 
and control program of this public health problem. 
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