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Abstract

Background/Objectives: Beta-thalassemia (β-thal) is an inherited hemoglobin disorder
caused by mutations in the HBB gene. Hb Malay (HBB:c.59A>G [NM_000518.5], p.Asn20Ser,
CD19), a missense substitution (AAC→AGC; Asn→Ser) in exon 1 of the β-globin gene
causing β+-thalassemia, has been mainly described in Southeast Asian populations but
remains underreported in published Indonesian molecular epidemiology literature. This
study aimed to identify the Hb Malay variant and investigate its familial segregation in a
large Indonesian extended family. Methods: Cascade molecular screening was initiated
following detection of the mutation in a proband referred for genetic testing. Sixteen
individuals (one proband and 15 family members) consented to participate. Genomic
DNA was extracted from peripheral blood and a 1.9-kb β-globin gene fragment was am-
plified by PCR. Mutation screening was performed using the Thalassemia GenoArray Kit
HBGA-THAL-b31 (Hybribio) and confirmed by Sanger sequencing. A three-generation
pedigree was constructed from molecular results and family interviews. Results: The Hb
Malay mutation (HBB:c.59A>G) was identified in 13 of 16 individuals: 12 heterozygous
carriers (A/G) and one homozygous individual (G/G, subject III-1, aged 15 years). Three
individuals showed the normal genotype (A/A). Pedigree analysis demonstrated auto-
somal recessive inheritance across three generations. No α-globin deletions covered by
the GenoArray panel were detected. Conclusions: To our knowledge, this is one of the
few documented reports of cascade molecular screening for the Hb Malay (HBB:c.59A>G)
variant in a large extended Indonesian family, confirmed by dual molecular methods. These
findings illustrate the potential value of cascade molecular screening for early carrier iden-
tification in settings where hemoglobin fractionation testing is unavailable, and highlight
the need for population-based epidemiological studies to guide thalassemia prevention
policy in Indonesia.
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1. Introduction
β-Thalassemia (β-thal) is one of the most common inherited hemoglobin disorders

worldwide, caused by mutations in the HBB gene that lead to reduced or absent production
of β-globin chains. The clinical manifestations range from mild anemia in carriers to severe
transfusion-dependent conditions in individuals with β-thal major [1–3]. Indonesia has
one of the highest numbers of thalassemia cases in Southeast Asia, with an estimated 3–10%
of the population being carriers and over 10,000 registered cases of thalassemia major [4–6].

β-Thal arises from over 300 different mutations in the HBB gene, broadly categorized
into β0-thal (complete absence of β-globin synthesis) and β+-thal (reduced but not absent
synthesis). One such variant occurs at codon 19 of the β-globin gene, known as hemoglobin
Malay (Hb Malay; HBB:c.59A>G), also referred to as β-thal CD19. This missense substitu-
tion replaces asparagine (AAC) with serine (AGC), resulting in β+-thalassemia. Hb Malay
has been frequently reported in Malaysia [7–14] and Thailand [15]. While Hb Malay is
rarely reported in published Indonesian molecular epidemiology studies, which have pre-
dominantly focused on more common mutations such as IVS-1–5 (G>C), CD26 (HbE), and
CD41/42 (−TTCT) [16,17], its carrier frequency among South Sumatran Malay populations
has been reported at approximately 5.3% [18], suggesting the variant may be underdetected
rather than truly uncommon in this ethnic group. The underrepresentation of Hb Malay
in the literature may partly reflect the reliance on standard mutation panels that do not
include CD19 in routine screening.

When β-thal is discovered in a large family, it raises important concerns about the
inheritance pattern and health risks for family members, requiring cascade screening and
genetic counselling [19–21]. This study aimed to identify the β-thal CD19 variant in an
extended family using molecular techniques, to construct a three-generation pedigree, and
to highlight the importance of molecular screening for early carrier identification.

2. Detailed Case Description
The index case (proband, III-2) is a 15-year-old female who was initially identified dur-

ing a school-based anemia screening program. Laboratory findings revealed a hemoglobin
(Hb) level of 9.3 g/dL and a mean corpuscular volume (MCV) of 80.5 fL, indicating mild
anemia with a near-normal MCV. It should be noted that a near-normal MCV (80.5 fL)
is atypical for classic heterozygous β-thalassemia, which commonly presents with MCV
below 80 fL and elevated HbA2. As HbA2 quantification and iron studies (serum ferritin,
serum iron, TIBC) were unavailable at the study site (see below), co-existing iron-deficiency
anemia, highly prevalent among Indonesian adolescent females, cannot be excluded as
a contributing cause of the observed anemia. This hematological profile nonetheless
prompted referral to our molecular diagnostic laboratory for further evaluation.

A relevant family history was noted: the proband’s mother (II-4, 46 years old) had
previously been diagnosed with thalassemia-associated anemia at another laboratory,
but the specific mutation type and subtype had not been disclosed to her at the time
of diagnosis. This reflects a broader challenge in Indonesia, where thalassemia remains
underrecognized and underdiagnosed in clinical practice, largely overshadowed by the
more commonly suspected iron-deficiency anemia. Consequently, many carriers and
affected individuals remain unaware of their precise genetic status and the hereditary
implications for their families.

Capillary hemoglobin electrophoresis was not available at the study site; there-
fore, HbA2 quantification could not be performed. Molecular screening using the Tha-
lassemia GenoArray Kit HBGA-THAL-b31 (Hybribio) identified the Hb Malay variant
(HBB:c.59A>G [NM_000518.5], p.Asn20Ser) in the proband in the heterozygous state (A/G
genotype), subsequently confirmed by Sanger sequencing.
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Following detection of the Hb Malay variant in the proband, the extended family ex-
pressed interest in determining their carrier status. A total of 16 individuals across three
generations (including the proband) voluntarily submitted peripheral blood samples for molec-
ular analysis. All participants provided written informed consent (or parental consent for
minors) specifically for molecular testing. No additional clinical examination or complete hema-
tological profiling was performed, as participants consented exclusively to molecular genetic
screening. The family was originally from South Sumatra and had relocated to Jakarta, a region
where the Hb Malay variant is known to be prevalent among the Malay ethnic population [18].
Following disclosure of results, all family members were provided with information on the
hereditary nature of β-thalassemia and the importance of genetic counseling, particularly for
those of reproductive age and for the homozygous individual (III-1, aged 15 years).

3. Materials and Methods
3.1. Subjects and Ethical Approval

One patient (proband, III-2) with clinical suspicion of thalassemia initiated this study.
After detection of the Hb Malay variant, cascade screening was extended to 15 additional
consenting family members, for a total of 16 individuals across three generations. The study
was approved by the Ethics Committee of the Faculty of Medicine, UIN Syarif Hidayatullah
Jakarta (No. B-019/F12/KEPK/TL.00/08/2025), and conducted in accordance with the
Declaration of Helsinki. Written informed consent was obtained from all participants or their
legal guardians.

3.2. DNA Extraction and PCR Amplification

Genomic DNA was extracted from peripheral blood using the gSYNC™ DNA
Extraction Kit (Geneaid Biotech Ltd., New Taipei City, Taiwan) per manufacturer’s
instructions. A 1.9-kb segment of the β-globin gene was amplified by PCR using
forward primer 5′-AGTAGCAATTTGTACTGATGGTATGG-3′ and reverse primer 5′-
TTTCCCAAGGTTTGAACTAGCTCTT-3′. PCR conditions: initial denaturation 94 ◦C/3 min;
35 cycles of 94 ◦C/40 s, 62 ◦C/30 s, 72 ◦C/1 min; final extension 72 ◦C/2 min. Products
were verified by agarose gel electrophoresis [22,23].

3.3. Mutation Screening Using GenoArray

The Thalassemia GenoArray Kit HBGA-THAL-b31 (Guangdong Hybribio Biotech Co.,
Ltd. yang berlokasi di Chaozhou, China) was used for simultaneous detection of β-globin
mutations and α-globin deletions via flow-through hybridization. The kit comprises two
membranes: (1) HybriMem THAL b23 SEA, detecting 23 β-globin point mutations and
small deletions: −50 (C>G), −31 (A>G), −28 (A>G), −86 (C>G), −90 (C>T), CD8/9 (+G),
CD15 (G>A), CD17 (A>T), CD19 (A>G) [Hb Malay], CD26 (G>A) [HbE/βE], CD27–28
(+C), CD35 (A>T), CD41 (−T), CD41–42 (−TTCT), CD43 (G>T), CD71–72 (+A), CD95 (+A),
CD123–125 (del AGT), CD126 (C>T), IVS-I-1 (G>T), IVS-I-5 (G>C), IVS-II-654 (C>T), and
Del619 (619 bp deletion); and (2) HybriMem THAL b8 SEA, detecting 7 α-globin large
deletions: −−SEA, −α3.7, −−FIL, −−SIRI, −−THAI, −HPFH-6, −−LEP, and 1 b-globin
large deletion (Del619). Samples were processed per manufacturer’s instructions using the
HybriMax flow-through hybridization device. Mutations and deletions outside the scope
of this panel were not assessed in this study.

3.4. DNA Sequencing and Data Analysis

All GenoArray-positive samples for β-thal CD19 were confirmed by Sanger sequenc-
ing (Apical Scientific Sdn. Bhd., Petaling Jaya, Malaysia). Chromatograms were analyzed
using ApE (A Plasmid Editor) version v3.1.8.1 software.
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3.5. HGVS Nomenclature

The mutation is designated HBB:c.59A>G (reference transcript NM_000518.5), result-
ing in the amino acid change p.Asn20Ser at the protein level. The designation ‘codon 19’
as used in earlier literature refers to the mature β-globin chain numbering system, which
omits the initiator methionine residue; in standard HGVS coding sequence numbering, this
corresponds to position 20 (c.59A>G). Both designations are used in this report to facilitate
cross-referencing with the existing literature.

3.6. Pedigree Analysis

A three-generation pedigree was constructed based on molecular results and struc-
tured interviews with the proband and available family members to illustrate the distribu-
tion and segregation of the variant within the family.

4. Results
4.1. Molecular Analysis Overview

As described in the Case Presentation, the proband (III-2) presented with a hemoglobin
level of 9.3 g/dL and MCV of 80.5 fL. The remaining 15 family members underwent molec-
ular analysis only, as they consented exclusively to genetic screening without additional
hematological profiling. Capillary hemoglobin electrophoresis was unavailable at the study
site; therefore, HbA2 levels could not be determined. GenoArray screening followed by
Sanger sequencing allowed accurate identification of the HBB:c.59A>G (NM_000518.5)
variant and demonstrated its segregation within this extended family.

4.2. Pedigree and Genotypic Distribution

The segregation pattern of the Hb Malay variant is shown in Figure 1. A total of
16 individuals from three generations (I, II, III) were analyzed. The genotypic distribution
is summarized in Table 1, demonstrating normal (A/A), heterozygous carrier (A/G), and
homozygous for the Hb Malay variant (G/G) genotypes within the family.

Table 1. Genotypic distribution of the Hb Malay (HBB:c.59A>G) variant among analyzed
family members.

No Pedigree Code Generation Sex Age (Years) Genotype Interpretation

1 I-1 I Female 77 A/G Heterozygous carrier
2 I-2 I Female 73 A/G Heterozygous carrier
3 I-3 I Male 76 A/G Heterozygous carrier
4 I-4 I Female 70 A/G Heterozygous carrier
5 I-5 I Female 68 A/G Heterozygous carrier
6 I-6 I Female 62 A/G Heterozygous carrier
7 II-1 II Female 40 A/G Heterozygous carrier
8 II-2 II Female 33 A/A Normal
9 II-3 II Male 46 A/A Normal
10 II-4 II Female 46 A/G Heterozygous carrier
11 II-5 II Male 48 A/G Heterozygous carrier
12 II-6 II Female 46 A/G Heterozygous carrier
13 II-7 II Female 53 A/G Heterozygous carrier

14 III-1 III Female 15 G/G Homozygous for Hb
Malay variant

15 III-2 III Female 15 A/G Heterozygous carrier
16 III-3 III Female 7 A/G Heterozygous carrier
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Figure 1. Pedigree of the extended family showing segregation of the Hb Malay (HBB:c.59A>G)
variant. Squares represent males; circles represent females. Open symbols: normal genotype (A/A);
half-filled symbols: heterozygous carriers (A/G); filled symbols: homozygous for the Hb Malay
variant (G/G). Numbers denote individuals whose samples were analyzed; alphabetical codes
represent family members without samples. square refer to male, circle refer to female.

4.3. Sanger Sequencing Confirmation

All GenoArray-positive samples for β-thal CD19 were confirmed by Sanger sequenc-
ing. Sequencing demonstrated a single base substitution (A→G) at codon 19, changing
AAC to AGC (Figure 2). The individual homozygous for the Hb Malay variant (III-1,
aged 15 years) showed a complete A→G substitution with no residual normal allele
(Figure 3). No α-globin deletions covered by the THAL b8 SEA panel (−−SEA, −α3.7,
−−FIL, −−SIRI, −−THAI, −HPFH-6, −−LEP, Del619) were detected. α-Globin deletions
outside the scope of this assay panel were not assessed.

Figure 2. Sanger sequencing chromatograms. (A) Normal β-globin showing the unaltered AAC
codon at position 19. (B) Heterozygous β-thal CD19 showing both AAC and AGC at codon 19
(arrow indicates the mutation site). * refers to amino acid substitution caused by the nucleotide
changes. Complete AAC→AGC substitution at codon 19 with only G peak (arrow) is observed and
no re-sidual normal arrow, confirmed the homozigosity of the allele.
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Figure 3. Sanger sequencing result for subject III-1 (homozygous β-thal CD19). Complete AAC→AGC
substitution at codon 19 with no residual normal allele (arrow), confirming homozygosity.

5. Discussion
This study reports one of the few documented examples of cascade molecular screen-

ing for the Hb Malay (HBB:c.59A>G) variant in a large Indonesian extended family, con-
firmed through dual molecular methods: GenoArray screening and Sanger sequencing.

Hb Malay is a β+-thalassemia-causing missense mutation in exon 1 of the β-globin
gene at codon 19, specifically AAC→AGC (Asn→Ser) [7,9–11,13,15]. The molecular ba-
sis of this substitution has been well characterized: it reduces but does not abolish β-
globin production, consistent with the β+ phenotype [24]. Heterozygous carriers typically
present with mild microcytic anemia with low MCV and MCH, and slightly elevated
HbA2 levels [8,12,25]. In the homozygous state or compound heterozygosity with other
hemoglobinopathies, clinical severity increases, potentially resembling thalassemia inter-
media or major, depending on the degree of β-globin chain imbalance [2,14,18,24,26,27].
Subject III-1, the sole individual homozygous for the Hb Malay variant (G/G, aged 15 years)
identified in this family, could not be clinically evaluated within the scope of this study,
as participants consented exclusively to molecular genetic screening. This represents
a significant limitation of the present report. Complete hematological phenotyping of
III-1—including hemoglobin level, MCV, MCH, HbA2, HbF, reticulocyte count, RDW, iron
status, and clinical assessment—was not performed. Based on the published literature,
homozygous Hb Malay has been reported to present as a mild thalassemia intermedia
phenotype without transfusion dependence [14,24]; however, individual clinical expression
may vary. Prospective clinical and hematological evaluation of this patient is strongly
recommended as a priority for follow-up.

Regarding the proband’s hematological findings, the near-normal MCV of 80.5 fL
warrants careful interpretation. Classic heterozygous β-thalassemia typically presents with
distinctly reduced MCV (usually <80 fL) and elevated HbA2 (>3.5%). The proband’s MCV
of 80.5 fL, while borderline, and the absence of HbA2 measurement make it impossible
to confirm the thalassemia carrier phenotype on hematological grounds alone. Given
the high prevalence of iron-deficiency anemia among Indonesian adolescent females, this
condition cannot be excluded as a co-contributing factor to the observed mild anemia. The
molecular finding of heterozygous Hb Malay confirms the proband’s genetic carrier status
but does not establish the hematological phenotype of this specific individual. Pedigree
analysis across three generations showed segregation consistent with autosomal recessive
β-thalassemia inheritance, with 12 heterozygous carriers and one homozygous individual
(III-1, aged 15).
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The high proportion of variant-positive individuals identified in this study (13 of
16, 81.25%) is a direct consequence of the family-based cascade screening design, which
by definition selects relatives of a carrier index case and enriches for the shared genetic
variant. This finding should not be extrapolated to estimates of population-level carrier
frequency of Hb Malay in Indonesia or in South Sumatran communities. The family’s
origin from South Sumatra is clinically relevant: Hb Malay has been documented at a
carrier frequency of approximately 5.3% in this population [18], a figure substantially lower
than the ascertainment rate in our cohort. The Indonesian population is ethnically and
genomically diverse, reflecting historical migration and inter-ethnic admixture across the
archipelago. The inclusion of older relatives in generation I (ages 62–77 years) was intended
to map the inheritance trajectory across three generations for genetic counseling purposes,
not to provide epidemiological data. The family originated from South Sumatra, where
Hb Malay has been documented at a carrier frequency of approximately 5.3% in the Malay
ethnic population [18]. This highlights the importance of considering ethnic background
when selecting mutation panels for molecular β-thal testing in Indonesia, where commonly
screened mutations (IVS-1-5, HbE, CD41/42) may miss variants such as CD19 [16,17,28,29].

The absence of complete hematological data and HbA2 measurements for most family
members is a recognized limitation. However, GenoArray and Sanger sequencing demon-
strated full concordance, supporting the reliability of molecular-based cascade screening in
resource-limited settings [30–32]. The primary contribution of this report lies not in the nov-
elty of the Hb Malay mutation itself, but in demonstrating the inadequacy of conventional
hematological triage for detecting this variant—as evidenced by the near-normal MCV
in the proband and the failure of previous clinical workup to characterize the proband’s
mother’s mutation. Molecular cascade screening enabled identification of 13 affected indi-
viduals across three generations, including a homozygous individual, in a family where
standard screening criteria would likely have failed to prompt molecular investigation.
While Hb Malay is well-documented in Malaysia [7–13] and Thailand [14,15,33], its docu-
mentation in Indonesia remains limited. This report contributes molecular epidemiological
data and underscores the need to expand mutation screening panels to include rare variants
such as CD19, particularly in populations of South Sumatran Malay ancestry. The clinical
context of this case also highlights an important public health issue in Indonesia. The
proband’s mother (II-4) had previously been informed of a thalassemia-associated anemia
diagnosis at another facility, yet the specific mutation type was never disclosed to her. This
lack of precise genetic information reflects the current state of thalassemia care in Indonesia,
where hemoglobinopathy screening is not yet systematically integrated into routine health-
care, and awareness remains low compared to more commonly recognized conditions such
as iron-deficiency anemia [4,6]. As a result, carriers and affected individuals may remain
unaware of the hereditary implications for their offspring, delaying appropriate genetic
counseling and cascade family screening. This case underscores the critical importance of
not only detecting thalassemia but also ensuring that patients and families receive complete,
accurate, and actionable genetic information following diagnosis.

6. Conclusions
The integration of GenoArray and Sanger sequencing provides a reliable approach

for detecting rare β-globin gene variants in family-based settings. This report documents
the Hb Malay (HBB:c.59A>G [NM_000518.5], p.Asn20Ser) variant in a three-generation
Indonesian family among the largest pedigrees of this variant reported in Indonesia that was
confirmed by dual molecular methods. The identification of multiple heterozygous carriers
and one individual homozygous for the Hb Malay variant underscores the value of cascade
molecular screening in settings where hemoglobin fractionation testing is limited. This
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report also highlights that conventional hematological triage may fail to identify Hb Malay
carriers due to the near-normal MCV profile frequently observed in this variant. Complete
hematological phenotyping of family members, particularly the homozygous individual,
remains an important goal for future study. Population-based molecular epidemiological
studies are needed to define the true prevalence of Hb Malay across Indonesia’s diverse
ethnic landscape and to assess the cost-effectiveness of its inclusion in national thalassemia
screening panels before broader prevention policy recommendations can be made.
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