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ABSTRACT

Background: Hemoglobin (Hb) Malay is a common β-hemoglobinopathy in 
Malaysia resulting from an AAC to AGC mutation at codon 19, which produces 
an abnormal β-globin chain and manifests as a β+-thalassemia phenotype 
characterized by mild anemia and increased HbA2 levels. Although Hb Malay 
is commonly prevalent in Southern Thailand, there have been few reported 
cases in Northern Thailand.

Objectives: This study aims to report two cases of Hb Malay detected in 
Chiang Mai, Northern Thailand, highlighting the diagnostic complexities.

Materials and methods: Two female patients, aged 50 and 67, presenting with 
anemia were investigated. Initial hematological profiles, Hb analysis by HPLC 
(Case 1) and CE (Case 2), and iron studies were performed. Due to hypochromic- 
microcytic anemia and elevated HbA2 levels in both cases, genomic DNA was 
extracted. Multiplex real-time PCR with HRM analysis was performed to detect 
common α0-thalassemia deletions. Further genetic analysis was conducted  
using next-generation sequencing (NGS) targeting HBA1, HBA2, and HBB genes.

Results: Both cases were identified to carry the Hb Malay variant. Case 1, a 50- 
year-old female with mild anemia, was diagnosed with double heterozygosity  
for Hb Malay (βMalay/βA) and α+-thalassemia (-α3.7/αα). Case 2, a 67-year-old female 
with severe anemia and iron deficiency, was diagnosed with heterozygosity for 
Hb Malay (βMalay/βA).

Conclusion: The diagnosis of Hb Malay can be complicated especially when 
it coexists with other thalassemia traits or iron deficiency. Therefore, better  
understanding of the hematological and clinical characteristics, as well as  
the laboratory detection of this hemoglobin variant, would be beneficial for  
genetic counseling, particularly in areas with a high prevalence of thalassemia, 
hemoglobinopathy, and iron deficiency such as Northern Thailand.
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Introduction
	 β-thalassemia is a diverse group of inherited 
disorders prevalent in East Asian populations, 
characterized by point mutations or deletions affecting 
β-globin chain production. The two types are β0-
thalassemia, which involves the complete absence 
of β-globin chain production, and β+-thalassemia, 
resulting in reduced synthesis. Numerous β-globin 
gene mutations have been identified across countries 
such as India, Thailand, and China.1,2 In general, these 
mutations are population-specific, meaning each 
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ethnic group exhibits its set of common mutations.
	 In Thailand, the prevalence of β-thalassemia 
ranges from 3% to 9%. Common β-globin gene 
mutations include codons 41/42(–CTTT) (HBB: 
c.126_129delCTTT) and codon17(A>T) (HBB: c.52A>T), 
which are observed nationwide. Additionally, HbE 
(HBB: c.79 G>A) is frequently found in Southern 
and Northeastern Thailand, while  Hb Malay (HBB: 
c.59A>G) is more common in Southern Thailand.3  Hb 
Malay is caused by an AAC to AGC mutation in codon 
19, leading to Asn-Ser replacement and the production 
of an abnormal β-globin chain which first case was 
confirmed by DNA probe hybridization.1,4 The mutation 
activates a cryptic RNA splice site in exon 1 of the 
β-globin gene, leading to abnormal RNA processing 
and β+-thalassemia phenotype.5

	 Routine diagnostic methods such as dichlorophenol 
indophenol precipitation (DCIP) test, high-performance 
liquid chromatography (HPLC), and capillary 
electrophoresis (CE) are widely used to detect Hb 
variants. Screening for β-thalassemia typically relies on 
HbA2 level. However, borderline HbA2 samples should 
be performed DNA analysis to confirm carriers, as 
missed cases may increase the risk for at-risk couples 
having affected offspring.6 Hb Malay is one of the 
commonest β-globin gene mutations among individuals 
with borderline HbA2 (3.0-3.9%).6 Moreover, it can co-
elute or co-migrate with HbA on HPLC chromatogram 
and CE electrophoregram, complicating diagnosis.1,4 
Reverse-phase HPLC, peptide analysis, and DNA 
studies, and advanced molecular techniques such as 
Multiplex Amplification Refractory Mutation System 
(M-ARMS) PCR, allele-specific PCR, and reverse dot-
blot allele-specific oligonucleotide (ASO) hybridization 
are used to detect Hb Malay. 

	 Hb Malay has been reported as highly prevalent 
(2.0%) in Southern Thailand.7 However, a previous 
study in Northern Thailand documented four cases 
of HbE-β+-thalassemia (Hb Malay), of which only one 
case was clearly identified as co-inheritance with 
rare α+-thalassemia mutation (cap +14 C>G in the α2-
globin promoter).8 One of the present cases involves 
the co-inheritance of Hb Malay with the common α+-
thalassemia deletion (-α3.7/αα), a combination not 
previously reported in Northern Thailand. Therefore, 
this study reports two cases of Hb Malay detected 
in our thalassemia laboratory at the Associated 
Medical Sciences-Clinical Service Center (AMS-
CSC), Chiang Mai University, Chiang Mai, Thailand. 
The findings expand the documented spectrum of Hb 
Malay-associated thalassemia in the Northern region, 
highlighting the necessity for comprehensive molecular 
testing to ensure accurate diagnosis and effective 
genetic counseling.

Case report
Case 1
	 A 50-year-old woman presented with mild anemia 
detected during a health screening. Her hematological 
profile showed Hb 11.4 gm/dL, mean corpuscular volume 
(MCV) 78.0 fL, and mean corpuscular hemoglobin 
(MCH) 25.9 pg. Hemoglobin analysis using HPLC 
(VARIANT β-thalassemia Short Program; Bio-Rad 
Laboratories, Hercules, CA, USA) revealed HbA 84.3%, 
HbA2 5.4%, and HbF 0.8% (Figure 1A), which suggests 
that she has a β-thalassemia trait. Iron studies were 
within normal range: Ferritin 100 ng/mL, Serum iron 89 
µg/dL, TIBC 283 µg/dL, and Transferrin saturation 31% 
(Table 1). These findings indicated mild microcytic-
hypochromic anemia in the absence of iron deficiency.
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Figure 1. The HPLC chromatogram (A) for Case 1, and CE electrophoregram 
(B) for Case 2, without seeing the separate peak of Hb Malay.
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Table 1. The characteristics and hematological parameters of cases. 

Characteristics &hematological parameters Case No. 1 Case No. 2

Age (years) 50 67

Gender Female Female

α-globin genotype -α3.7/αα αα/αα

β-globin genotype βMalay/βA βMalay/βA

RBCs (x1012/L) 4.4 4.1

Total Hb (gm/dL) 11.4 6.4

PCV (L/L) 0.35 0.22

MCV (fL) 78.0 54.0

MCH (pg) 25.9 16.0

MCHC (gm/L) 325 290

RDW (%) 13.7 33.9

Ferritin (ng/mL) 100.0 12.1

Serum iron (mg/dL) 89.0 8.0

TIBC (mg/dL) 283 401

Transferrin saturation (%) 31.0 2.0

HbA (%) 84.3* 96.4#

HbA2 (%) 5.4* 3.6#

HbF (%) 0.8* 0.0#

Note: Normal range of adults: red blood cell counts (RBCs) 4.2-6.1x1012/L, total Hb 12.0-18.0 gm/dL, 
packed cell volume (PCV) 0.37-0.52 L/L, mean corpuscular volume (MCV) 80-100 fL, mean corpuscular 
Hb (MCH) 27.0-31.0 pg, mean corpuscular Hb concentration (MCHC) 320-360 gm/L, red cell distribution 
width (RDW) 11.0-16.0%, HbA 95.0-98.0%, HbA2 1.5-3.5%, HbF 0.0-1.0%, ferritin 4.6-204.0 ng/mL, serum 
iron 50.0-170.0 mg/dL, total iron-binding capacity (TIBC) 259-388 mg/dL, transferrin saturation 20.0-
50.0%. *Hb analysis by HPLC, #Hb analysis by CE.

Case 2
	 A 67-year-old woman presented with severe 
anemia discovered during a routine laboratory 
screening. Her Hb was 6.4 gm/dL, with marked 
microcytosis (MCV 54.0 fL), low MCH (16.0 pg), and a 
red cell distribution width (RDW) of 33.9%. Iron studies 
showed severe deficiency results (Table 1). However, 
Hb analysis by CE (Capillarys 2 Flex piercing, Sebia, 
Evry, France) showed HbA 96.4% and elevated HbA2 
level (3.6%) (Figure 1B).
	 Due to the presence of microcytic-hypochromic 
anemia and elevated HbA2 levels in both cases, 
genomic DNA was extracted from peripheral blood 
samples using the NucleoSpin® kit (Macherey-Nagel, 
KG., Duren, Germany) following the manufacturer’s 
instructions. Subsequently, a single-tube multiplex real-

time PCR with EvaGreen and high-resolution melting 
(HRM) analysis was performed to detect common α0-
thalassemia --SEA, --THAI, and --CR deletions, as previously 
described.9 Neither patient carried these deletions. 
Further genetic analysis was performed using next-
generation sequencing (NGS, BGI Group, Shenzhen, 
China),  targeting the coding regions of the HBA1, HBA2, 
and HBB genes as previously described.10 Both cases 
were found to carry the AAC to AGC mutation at codon 
19 of the β-globin gene, leading to the Hb Malay variant 
(Figure 2). Furthermore, Case 1 had a single α-globin 
gene deletion (-α3.7/αα), whereas Case 2 did not. Thus, 
Case 1 was diagnosed as double heterozygosity for Hb 
Malay (βMalay/βA) and α+-thalassemia (-α3.7/αα), while 
Case 2 was diagnosed with heterozygosity for Hb Malay 
(βMalay/βA) (Table 1).
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Figure 2. Representative of NGS results exported from the integrative genomics viewer (IGV)
of Hb Malay (HBB: c.59A>G).

Discussion
	 Hemoglobin Malay was first reported in 1989 in 
a 22-year-old Malay patient.4 The clinical features, 
hematological and biochemical findings in this patient 
and a sibling with homozygous Hb Malay showed 
mild to moderate hemolytic features consistent with 
thalassemia traits. Due to its HbA-like electrophoretic 
behavior with conventional electrophoresis, it was 
initially identified as β-thalassemia trait. However, 
unstable hemoglobin was detected in the patient and 
other family members, and a Hb variant eluting slightly 
later than the normal β-chains was seen by reverse-
phase HPLC. The new variant was subsequently 
confirmed by hybridization of amplified DNA and later 
designated as Hb Malay.1,4 In Thailand, hemoglobin 
variants are common and genetically heterogeneous 
among its population. Hb Malay is more prevalent in 

Southern Thailand and its detection in Northern cases 
may be related to historical migration or intermarriage 
with Southern populations. Even though an individual 
whose Hb typing appears normal or suggests a 
β-thalassemia trait with elevated HbA2 (>3.5%), the 
presence of β-globin variants should be considered 
including  Hb Malay.6 
	 In Case 1, a 50-year-old female, her slightly low Hb, 
MCV and MCH values raised suspicion of thalassemia. 
Besides, her Hb analysis showed an elevated HbA2 level 
(5.4%), suggestive of a β-thalassemia trait.  The previous 
study reported that samples with double heterozygous 
for β- and α-thalassemia are usually diagnosed as 
typical β-thalassemia carriers and α-thalassemia is 
usually ignored.11 However, there is no detectable 
common α0-thalassemia --SEA, --THAI, and --CR deletions in 
Case 1. Nonetheless, subsequent molecular analysis, 
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conducted to identify other Hb variants, revealed double 
heterozygosity for Hb Malay and α+-thalassemia (-α3.7). 
This case highlighted the possibility of misdiagnosis 
without further molecular study. In the previous study, 
the heterozygosity of Hb Malay without α-thalassemia 
co-inheritance showed MCV and MCH with 72 fL and 
23 pg respectively. However, these values increase up 
to 75 fL and 25 pg in double heterozygosity of Hb Malay 
and α+-thalassemia,7 which was  consistent  with our 
Case 1. This phenomenon could be due to the reducing 
the imbalance of α- and β-globin ratio.12 
	 In contrast, Case 2 showed severe anemia 
with marked microcytic-hypochromic erythrocytes. 
Although her Hb analysis did not indicate any risk of 
thalassemia, her HbA2 level was slightly increased, 
raising the possibility of β-thalassemia trait or a Hb 
variant. On the other hand, she was 67 years old, and 
her iron profile showed significantly deficient (Table 1) 
indicating iron deficiency anemia. Previous study has 
shown that iron deficiency anemia could reduce the 
level of HbA2, potentially masking β-thalassemia trait.13 
Although initial hematological findings did not strongly 
indicate thalassemia, molecular analysis confirmed 
heterozygosity for Hb Malay. This case highlights the 
diagnostic complexity when iron deficiency coexists 
with hemoglobinopathies. Previous studies have 
reported that patients with heterozygosity for Hb Malay 
are typically characterized by mild anemia or normal 
Hb level in some cases.1,14 However, Case 2 exhibited 
severe anemia (Hb 6.4 gm/dL). Thus, severe anemia in 
Case 2 was primarily due to iron deficiency anemia. 
Despite severe iron deficiency anemia, her red blood 
cell (RBC) count was nearly normal. This phenomenon 
may be attributed to the coexistence of β-thalassemia 
trait and iron deficiency anemia as previously reported.15

	 As Hb Malay exhibits HbA-like electrophoretic 
behavior, its diagnosis using conventional 
electrophoresis methods is challenging. Negligently 
interpreting such samples as normal could lead to 
at-risk couples giving birth to affected offspring. For 
accurate diagnosis of Hb Malay, techniques such as 
reverse phase HPLC, M-ARMS PCR, allele-specific 
PCR, and reverse dot-blot ASO hybridization can be 
applied. Furthermore, the NGS offers a comprehensive 
and robust diagnostic tool.

Conclusion
	 The diagnosis of Hb Malay can be complex, 
especially when accompanied by concurrent 
thalassemia characteristics or iron deficiency, resulting 
in misleading hematological profiles without molecular 
confirmation. Our findings highlight the importance 
of integrating hematological and molecular analyses 
for accurate diagnosis of this Hb variant, especially in 
regions where thalassemia, hemoglobinopathy and iron 
deficiency are prevalent such as Northern Thailand. 
Timely and accurate identification is essential for 
effective clinical management, prevention strategies, 
and genetic counseling.
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