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Abstract

[-thalassemia is one of the most prevalent inherited hemoglobin disorders worldwide and
represents a major public health challenge in Southeast Asia, particularly in Vietnam. The
disorder is caused by pathogenic variants in the 3-globin (HBB) gene, resulting in reduced
or absent [-globin synthesis, ineffective erythropoiesis, chronic hemolytic anemia, and
progressive multi-organ complications. Vietnam exhibits a high burden of thalassemia
and related hemoglobinopathies, with approximately 13.8% of the population carrying a
hemoglobinopathy-associated variant and substantial heterogeneity in distribution across
ethnic groups and geographic regions. This review provides a comprehensive overview
of the epidemiology, molecular characteristics, diagnostic strategies, treatment ap-
proaches, and prevention programs for (3-thalassemia in Vietnam. Current evidence indi-
cates that a limited number of recurrent HBB variants account for the majority of 3-tha-
lassemia alleles in the Vietnamese population, including codon 17 (A>T) (HBB: c.52A>T),
codons 41/42 deletion (-TTCT) (HBB: c.126_129delTTCT), codons 71/72 (+A) (HBB:
c.216_217insA), codons 95 (+A) (HBB: ¢.287_288insA), IVS-I-1 (G>T) (HBB: c.92+1G>T),
IVS-1-5 (G>C) (HBB: ¢.92+5G>C), IVS-11-654 (G>T) (HBB: ¢.316+197C>T), -28 (A>G) (HBB:
c.-78A>G), and -88 (C>T) (HBB: c.-138C>T). Diagnostic strategies generally follow a step-
wise approach integrating hematological screening and hemoglobin analysis with con-
firmatory molecular testing. Advances in molecular diagnostics, particularly targeted pol-
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comes. In parallel, the integration of advanced molecular diagnostics and emerging gene-
based therapies will be critical for advancing long-term disease control. This review high-
lights current knowledge gaps and proposes strategic priorities to support evidence-based
policy development and comprehensive [3-thalassemia prevention and management in
Vietnam.

Keywords: -thalassemia; Vietnam; epidemiology; hemoglobinopathies; HBB variants;
molecular diagnosis; prevention; genetic screening

1. Introduction

Thalassemia comprises a diverse group of inherited hemoglobin disorders character-
ized by reduced or absent synthesis of one or more globin chains, resulting in chronic
anemia, ineffective erythropoiesis, and progressive multi-organ complications [1]. The
two principal forms are a-thalassemia and [-thalassemia, which are classified according
to the affected globin chain. a-thalassemia arises from decreased a-globin production,
most commonly caused by deletions or, less frequently, by pathogenic variants affecting
one or more of the four a-globin genes located on chromosome 16 [2]. In contrast, [3-tha-
lassemia is primarily caused by pathogenic variants in the $-globin (HBB) gene on chro-
mosome 11p15.5, leading to reduced (3*) or absent ((3°) B-globin synthesis [3]. The result-
ing imbalance between «- and [-globin chains promotes the intracellular accumulation
and precipitation of excess unpaired a-globin chains within erythroid precursors, trigger-
ing oxidative damage, ineffective erythropoiesis and premature destruction of red blood
cells in the bone marrow and peripheral circulation [3].

Clinically, thalassemia encompasses a broad phenotypic spectrum, ranging from
asymptomatic carrier states to severe transfusion-dependent anemia associated with sub-
stantial morbidity and premature mortality. Patients with moderate-to-severe disease of-
ten require lifelong red blood cell transfusions and iron chelation therapy to maintain ad-
equate hemoglobin levels and prevent transfusional iron overload [4]. Despite major ad-
vances in supportive care, disease-related complications involving the cardiovascular, he-
patic, endocrine, and skeletal systems remain important causes of morbidity. Hematopoi-
etic stem cell transplantation (HSCT) currently represents the only widely established cu-
rative treatment; however, its applicability is limited by donor availability, treatment-re-
lated risks, cost, and healthcare infrastructure constraints [5,6]. The emergence of gene
addition and gene-editing therapies offers promising new therapeutic avenues, although
their accessibility remains limited in many low- and middle-income countries.

[-thalassemia is highly prevalent in Vietnam and exhibits substantial clinical hetero-
geneity. Traditionally, the disorder has been classified into three major clinical forms: -
thalassemia major, -thalassemia intermedia, and (-thalassemia minor (carrier state). 3-
thalassemia major typically resulted from homozygous or compound heterozygous se-
vere [3- or (B*-thalassemia mutations and is characterized by severe anemia presenting
during early childhood, with most patients requiring lifelong regular red blood cell trans-
fusions. p-thalassemia intermedia encompasses a clinically heterogeneous group with
variable disease severity, ranging from mild chronic anemia to intermittent or regular
transfusion requirements. In contrast, p-thalassemia minor is usually observed in hetero-
zygous carriers and is generally asymptomatic or associated with mild microcytic anemia,
often being identified incidentally during hematological screening [7,8]. Although this tra-
ditional classification remains widely used, contemporary clinical practice increasingly
categorizes patients according to transfusion requirements such as transfusion-dependent

https://doi.org/10.3390/thalassrep16030013



Thalass. Rep. 2026, 16, 13

3 of 27

thalassemia (TDT) and non-transfusion-dependent thalassemia (NTDT), reflecting differ-
ences in management strategies, disease burden, and long-term outcomes [9,10].

Vietnam is a highly diverse multiethnic nation comprising 54 officially recognized
ethnic groups, each characterized by distinct genetic backgrounds and population histo-
ries that contribute to marked differences in the distribution of hemoglobinopathies. Eth-
nic minority populations account for approximately 15% of the national population and
are predominantly concentrated in mountainous and geographically isolated regions. Ep-
idemiological studies have consistently demonstrated substantial ethnic and regional het-
erogeneity in the prevalence of {3-thalassemia, with the highest carrier frequencies re-
ported in Northern and North-Central areas of the country [11-16]. Several ethnic groups
exhibit particularly elevated prevalence rates, reflecting the influence of founder effects,
endogamy, and limited gene flow. Notably, the Giay ethnic group has been reported to
have one of the highest frequencies of -thalassemia mutations in Vietnam [15,17]. These
findings underscore the importance of incorporating ethnic and geographic considera-
tions into national screening, genetic counseling, and disease prevention strategies.

At the molecular level, 3-thalassemia is characterized by remarkable genetic hetero-
geneity, with more than 400 pathogenic variants of the HBB gene identified globally [1,18—
21]. These variants include point mutations, small insertions and deletions (indels), pro-
moter mutations, and, less commonly, large genomic deletions. Functionally, they result
in either absent ([3°) or reduced ((3*) 3-globin production, thereby contributing to the wide
spectrum of clinical phenotypes observed among affected individuals. Despite this global
diversity, the molecular landscape of (3-thalassemia in Vietnam is dominated by a limited
number of recurrent mutations. The most frequently reported variants include codon 17
(A>T) (HBB: ¢.52A>T), codons 41/42 deletion (-TTCT) (HBB: ¢.126_129delTTCT), codons
71/72 (+A) (HBB: c.216_217insA), codons 95 (+A) (HBB: ¢.287_288insA), IVS-I-1 (G>T)
(HBB: c.92+1G>T), IVS-1-5 (G>C) (HBB: c.92+5G>C), IVS-11-654 (G>T) (HBB: ¢.316+197C>T),
-28 (A>G) (HBB: c.-78 A>G), and -88 (C>T) (HBB: c.-138C>T) [15]. Notably, the distribution
of these mutations varies considerably among ethnic groups and geographic regions, re-
flecting the influence of population structure, founder effects, and historical migration
patterns. Characterization of the national mutation spectrum is therefore essential for the
development of cost-effective molecular diagnostic assays, targeted carrier screening pro-
grams, and population-specific prevention strategies.

Screening for 3-thalassemia typically follows a stepwise diagnostic approach inte-
grating hematological, biochemical, and molecular investigations. Initial evaluation is
based on complete blood count, which commonly demonstrates microcytic, hypochromic
anemia characterized by reduced mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH). Peripheral blood smear examination often reveals characteristic mor-
phological abnormalities, including microcytosis, hypochromia, anisopoikilocytosis, tar-
get cells, and basophilic stippling [22]. Hemoglobin analysis using high-performance lig-
uid chromatography (HPLC), capillary electrophoresis, or conventional hemoglobin elec-
trophoresis provides additional diagnostic information and plays a central role in carrier
detection and population screening. Typical findings include elevated HbA: levels, varia-
ble increases in fetal hemoglobin (HbF), and reduced or absent HbA depending on the
underlying genotype [22,23].

Definitive diagnosis requires molecular characterization of the HBB gene. A range of
molecular techniques is currently available, including polymerase chain reaction (PCR)-
based assays, Sanger sequencing, and next-generation sequencing (NGS) [24,25]. Targeted
methods such as amplification refractory mutation system PCR (ARMS-PCR), reverse dot-
blot hybridization, and allele-specific PCR are particularly useful for detecting recurrent
population-specific mutations and remain cost-effective options in resource-constrained
settings. In contrast, Sanger sequencing and NGS provide broader mutation coverage and
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facilitate the identification of rare, complex, or previously unrecognized variants [24,25].
When conventional sequencing approaches fail to identify a causative variant, multiplex
ligation-dependent probe amplification (MLPA) may be used to detect large deletions and
copy-number alterations involving the HBB locus [24,25]. In Vietnam, the increasing im-
plementation of molecular diagnostic technologies has substantially improved diagnostic
accuracy, carrier detection, prenatal diagnosis, and genetic counseling, while also contrib-
uting to the identification of region-specific mutation spectra and novel pathogenic vari-
ants [26-30].

Management of 3-thalassemia is determined by disease severity and aims to correct
anemia, suppress ineffective erythropoiesis, prevent complications, and improve long-
term survival and quality of life [31]. Contemporary management is guided by evidence-
based recommendations from the Thalassemia International Federation (TIF), which pro-
vide comprehensive frameworks for management of both TDT and NTDT [9,10]. Recent
guideline updates emphasize individualized, risk-adapted care, incorporating advances
in transfusion practices, iron overload monitoring, iron chelation therapy, and multidis-
ciplinary management of disease-related complications [32,33]. Regular red blood cell
transfusion remains the cornerstone of treatment for patients with severe disease, while
iron chelation therapy is essential for preventing progressive cardiac, hepatic, and endo-
crine complications associated with transfusional iron overload. Additional interventions,
including splenectomy, may be considered in selected patients with specific clinical indi-
cations [32-34].

HSCT remains the only widely established curative treatment and can achieve long-
term disease-free survival in appropriately selected patients [34]. More recently, advances
in molecular medicine have transformed the therapeutic landscape through the develop-
ment of gene-based therapies. Gene addition strategies and genome-editing technologies,
particularly CRISPR-Cas9-mediated approaches targeting fetal hemoglobin reactivation,
have demonstrated encouraging clinical outcomes and offer the potential for durable cure
[35]. Notably, exagamglogene autotemcel, approved by the European Medicines Agency
in 2024, became the first CRISPR-based therapy for f-thalassemia, marking a major mile-
stone in the treatment of inherited hemoglobin disorders [36]. In Vietnam, conventional
treatment modalities including transfusion therapy, iron chelation, and HSCT have be-
come increasingly available at major hematology centers; however, access to advanced
molecular diagnostics and novel gene-based therapies remains limited by economic and
infrastructural constraints [15,37,38].

Despite substantial progress in epidemiological research and molecular diagnostics,
available evidence remains fragmented across different regions and ethnic populations,
and comprehensive syntheses focused specifically on Vietham remain limited. Given its
high prevalence, marked ethnic heterogeneity, and substantial clinical and socioeconomic
burden, 3-thalassemia continues to represent a major public health challenge in the coun-
try. This review therefore provides a comprehensive overview of the epidemiology, mo-
lecular characteristics, diagnostic strategies, treatment approaches, and prevention pro-
grams for -thalassemia in Vietnam, while highlighting current knowledge gaps, imple-
mentation challenges, and future directions for disease control.

2. Epidemiology of B-Thalassemia

[-thalassemia and related hemoglobinopathies constitute a major public health con-
cern in Vietnam, characterized by a high prevalence and marked heterogeneity in carrier
distribution across populations. Current epidemiological estimates suggest that approxi-
mately 13.8% of the Vietnamese population carries a hemoglobinopathy-associated vari-
ant, including a-thalassemia, (3-thalassemia, and structural hemoglobin variants, with
substantial variation across ethnic groups and geographic regions [11-16]. Among preg-
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nant women undergoing prenatal screening, the carrier frequency of 3-thalassemia has
been reported to be 5.31%, while additional individuals carry a-thalassemia or combined
hemoglobinopathy variants [39]. These findings underscore the considerable genetic bur-
den of hemoglobin disorders in Vietnam and highlight the importance of population-
based screening, genetic counseling, and preventive strategies.

Vietnam'’s ethnic diversity is a key determinant of the epidemiological landscape of
[-thalassemia. Marked differences in carrier prevalence are observed among ethnic
groups, particularly in the Northern and North-Central regions, where 3-thalassemia is
both highly prevalent and unevenly distributed (Table 1). The highest carrier frequencies
have been reported in the Giay (11.5%), Sanchay (9.8%), Laha (9.5%), and Dao (9.3%) eth-
nic groups. Elevated prevalence rates have also been observed among the Lu (8.2%),
Khang (7.5%), Lao (7.1%), and Sandiu (6.5%) populations, while intermediate frequencies
occur in the Tay (6.2%), Muong (5.7%), Nung (5.5%), Pathen (4.9%), Chut (4.7%), and Lachi
(4.0%) ethnic groups. Lower prevalence rates have been reported among the Thai (2.9%),
Phula (2.6%), Khomu (2.1%), and H'Mong (1.5%) populations [15,17,40-43].

However, the contribution of each ethnic group to the overall burden of 3-thalasse-
mia is influenced not only by carrier frequency but also by population size. Although sev-
eral groups, such as the Giay, Sanchay, Laha, Lu, Khang, and Lao, exhibit very high carrier
frequencies, their relatively small population proportions limit their contribution to the
national disease burden. In contrast, the Tay (1.9%), Thai (1.8%), Muong (1.5%), Nung
(1.1%), and Dao (0.9%) populations combine relatively large population sizes with mod-
erate-to-high carrier frequencies and are therefore likely to contribute substantially to the
overall burden of 3-thalassemia in Vietnam [15,17,40-43]. Moreover, although the Kinh
population has a comparatively low carrier frequency, its large population size results in
a substantial contribution to the total number of carriers nationwide. These findings high-
light the need for a dual public health approach that combines targeted screening in high-
prevalence minority populations with broader prevention strategies in larger population
groups to maximize the effectiveness of national thalassemia control programs.

Table 1. Prevalence of 3-thalassemia among ethnic groups in the Northern and North-Central re-

gions of Vietnam.

Ethnic Group Population Proportion (%)  Prevalence (%) References
Giay 0.3 11.5 [15,17,40-43]
Sanchay 0.2 9.8 [15,17,40-43]
Laha <0.1 9.5 [15,17,40-43]
Dao 0.9 9.3 [15,17,40-43]
Lu <0.1 8.2 [15,17,40-43]
Khang <0.1 7.5 [15,17,40-43]
Lao <0.1 7.1 [15,17,40-43]
Sandiu 0.2 6.5 [15,17,40-43]
Tay 1.9 6.2 [15,17,40-43]
Muong 15 5.7 [15,17,40-43]
Nung 1.1 5.5 [15,17,40-43]
Pathen <0.1 4.9 [15,17,40-43]
Chut <0.1 4.7 [15,17,40-43]
Lachi <0.1 4.0 [15,17,40-43]
Thai 1.8 2.9 [15,17,40-43]
Phula <0.1 2.6 [15,17,40-43]
Khomu 0.1 2.1 [15,17,40-43]
H’Mong 1.5 1.5 [15,17,40-43]
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In contrast, epidemiological data on (-thalassemia in the Central Highlands and
South-Central Coast regions remain limited, representing a significant gap in the current
understanding of disease distribution in Vietnam. Available studies suggest generally
lower carrier frequencies than those reported in the Northern and North-Central regions
(Table 2). Among the ethnic groups for which data are available, the Xodang population
exhibits the highest reported prevalence (1.37%), followed by the Cham and Ede groups
(1.1% each). Several other ethnic groups, including Raglay, Bana, Co, Coho, Cotu,
Gietrieng, Hre, M'nong, and Taoi, have reported prevalence rates below 1% [15,17,44,45].

However, interpretation of the regional burden is constrained by the limited scope
of existing studies and the absence of data for several major ethnic groups. Notably, no
published prevalence estimates are currently available for the Khmer, Choro, Giarai,
S'Tieng, Bru Vankieu, Churu, and Ma populations. This limitation is particularly relevant
because some of these groups constitute a substantial proportion of the national popula-
tion. For example, the Khmer and Giarai populations account for approximately 1.3% and
0.6% of Vietnam’s total population, respectively [15,17,44,45]. Consequently, even moder-
ate carrier frequencies within these groups could translate into a considerable number of
carriers and affected individuals.

This lack of comprehensive epidemiological data may therefore lead to underestima-
tion of the true burden of 3-thalassemia in the Central Highlands and South-Central Coast
regions, potentially affecting healthcare planning, resource allocation, and the design of
targeted screening and prevention programs. These findings underscore the need for
large-scale, population-based studies that incorporate underrepresented ethnic groups to
provide a more accurate assessment of the regional and national burden of -thalassemia
in Vietnam.

Table 2. Prevalence of (3-thalassemia among ethnic groups in the Central Highlands and South-

Central Coast regions of Vietnam.

Ethnic Group Population Proportion (%) Prevalence (%) References
Xodang 0.2 1.37 [15,17,44,45]
Cham 0.2 1.1 [15,17,44,45]
Ede 0.4 1.1 [15,17,44,45]
Raglay 0.1 <1 [15,17,44,45]
Bana 03 <1 [15,17,44,45]
Co <0.1 <1 [15,17,44,45]
Coho 0.2 <1 [15,17,44,45]
Cotu 0.1 <1 [15,17,44,45]
Gietrieng <0.1 <1 [15,17,44,45]
Hre 0.2 <1 [15,17,44,45]
M'nong 0.4 <1 [15,17,44,45]
Taoi <0.1 <1 [15,17,44,45]
Khmer 13 Nopublished data 51 1) 45
available
Choro <0.1 No published data [15,17,44,45]
available
Giarai 0.6 No published data [15,17,44,45]
available
- No published data
S'Tieng 0.1 available [15,17,44,45]
Bru Vankieu 0.1 Notpublished data 1017 1) 45,
available
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Churu <0.1 No published data [15,17,44,45]
available

Ma 01 No publ%shed data [15,17,44,45]
available

The Kinh ethnic group, which comprises approximately 85.3% of Vietnam’s popula-
tion, exhibits a relatively low B-thalassemia carrier frequency of approximately 0.8%
[15,17,46] (Table 3). Nevertheless, owing to its overwhelming demographic predomi-
nance, the Kinh population accounts for a substantial proportion of 3-thalassemia carriers
nationwide. Consequently, despite the markedly higher carrier frequencies observed in
several ethnic minority populations, the absolute number of carriers and at-risk couples
remains considerable among the Kinh population.

These observations underscore the importance of considering both carrier prevalence
and population size when evaluating the overall burden of 3-thalassemia. From a public
health perspective, effective disease control in Vietnam will require a balanced prevention
strategy that combines population-wide carrier screening, genetic counseling, and repro-
ductive risk assessment within the Kinh majority population with targeted interventions
in ethnic minority groups exhibiting particularly high carrier frequencies. Such an ap-
proach is likely to maximize the impact, equity, and cost-effectiveness of national thalas-
semia prevention and control programs.

Table 3. Prevalence of 3-thalassemia in the Kinh ethnic group in Vietnam.

Ethnic Group Population Proportion (%)  Prevalence (%) References
Kinh 85.3 0.8 [15,17,46]

Collectively, these findings demonstrate that the epidemiology of 3-thalassemia in
Vietnam is highly heterogeneous and strongly influenced by ethnic composition and ge-
ographic distribution. Marked differences in carrier frequencies are observed across eth-
nic groups, with particularly high prevalences reported in several Northern and North-
Central minority populations. Although the mechanisms underlying these patterns have
not been fully elucidated, factors such as founder effects, genetic drift, geographic isola-
tion, and preferential marriage within ethnic communities may contribute to the observed
variation. In contrast, the Kinh population exhibits a comparatively low carrier frequency
but accounts for a substantial proportion of the national disease burden because it com-
prises more than 85% of Vietnam’s population.

These observations have important implications for public health planning. The pro-
nounced ethnic and geographic heterogeneity of 3-thalassemia suggests that prevention
strategies should be adapted to local epidemiological contexts rather than relying on a
uniform nationwide approach. While targeted screening programs may be particularly
effective in high-prevalence ethnic minority populations, population-wide carrier screen-
ing, genetic counseling, and reproductive risk assessment remain essential for addressing
the considerable burden within the Kinh majority. Accordingly, an integrated strategy
combining both targeted and population-based interventions is likely to provide the most
effective framework for (3-thalassemia prevention and control in Vietnam.

Despite the relatively high reported prevalence of (3-thalassemia in Vietnam, these
estimates should be interpreted with caution because of substantial heterogeneity in study
design, sampling strategies, and diagnostic methodologies. Many available studies have
been conducted in hospital-based settings or selected high-risk populations, potentially
resulting in overestimation of carrier frequencies relative to the general population. Con-
versely, disease burden may be underestimated in underserved regions where screening
programs are limited and population-based data remain scarce. Furthermore, diagnostic
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approaches have varied considerably among studies, ranging from hematological screen-
ing alone to comprehensive molecular confirmation, leading to inconsistencies in case as-
certainment and reporting. The absence of standardized nationwide screening protocols
further complicates comparisons across studies.

Consequently, currently available prevalence estimates should be regarded as ap-
proximate indicators of disease burden rather than precise population-level measure-
ments. Future large-scale, population-based studies employing standardized diagnostic
criteria and molecular methodologies will be essential for refining prevalence estimates,
characterizing regional variation more accurately, and informing evidence-based national
screening and prevention policies.

3. Molecular Characteristics of f-Thalassemia

[-thalassemia results from pathogenic variants in the HBB gene, which encodes the
[-globin chain of hemoglobin. More than 400 disease-causing variants have been identi-
fied worldwide, reflecting the remarkable molecular heterogeneity of the disorder [18,19].
These variants can be broadly categorized into point mutations, small indels, promoter
mutations, and, less commonly, large genomic deletions [1,18,20,21]. Point mutations, par-
ticularly single-nucleotide substitutions affecting coding sequences or splice-sites, repre-
sent the most common molecular defects, although small indels resulting in frameshift
alterations are also frequently encountered. Large genomic deletions are relatively un-
common and may involve the HBB gene alone, extend to neighboring genes, or disrupt
critical regulatory elements such as the 3-globin locus control region [1].

Based on their effect on 3-globin synthesis, HBB variants are functionally classified
as [3° (complete absence of [3-globin production), $* (reduced but detectable production),
and p+ or silent mutations (minimal reduction in 3-globin synthesis) [47]. This functional
classification is clinically important because it contributes to disease severity and, together
with genetic modifiers and coinherited hemoglobin variants, influences the broad pheno-
typic spectrum observed among affected individuals.

The molecular spectrum of B-thalassemia in Vietnam exhibits marked regional and
ethnic heterogeneity, as summarized in Tables 4-6. In the Northern and North-Central
regions (Table 4), the mutation profile is relatively homogeneous and dominated by a lim-
ited number of recurrent variants. The most prevalent mutation is codon 17 (A>T) (HBB:
¢.52A>T), accounting for 44.3% of identified alleles, followed by the codons 41/42 deletion
(-TTCT) (HBB: ¢.126_129delTTCT) at 32.5%. Together, these two [3°-thalassemia mutations
comprise more than three-quarters of all detected alleles, highlighting their major contri-
bution to the regional disease burden. The third most common variant is codons 71/72
(+A) (HBB: c.216_217insA), which accounts for 11.1% of alleles. Among {3*-thalassemia
mutations, the promoter variant -28 (A>G) (HBB: c.-78A>G) is the most frequent, with a
prevalence of 7.0%. Other variants, including IVS-I-1 (G>T) (HBB: ¢.92+1G>T) (1.8%) and
IVS-1I-654 (C>T) (HBB: ¢.316+197C>T) (1.6%), occur at lower frequencies, while codon 95
(+A) (HBB: ¢.287_288insA), -90 (C>T) (HBB: c.-140C>T), -88 (C>T) (HBB: ¢.-138C>T), -29
(A>G) (HBB: c.-79A>G), and codon 146 insertion (insAC) (HBB: c.441_442insAC) are rare,
each accounting for less than 1% of identified alleles [15,28,29,48,49].

The predominance of a small number of recurrent mutations has important implica-
tions for molecular diagnosis, carrier screening, and genetic counseling. In particular, tar-
geted molecular panels incorporating codon 17 (A>T), codons 41/42 deletion (-TTCT), co-
dons 71/72 (+A), and -28 (A>G) could achieve high detection rates in Northern Vietnam
while reducing diagnostic costs. Moreover, the high frequency of (°-thalassemia muta-
tions suggests a substantial burden of severe disease-associated genotypes in this region,
although clinical severity may be modified by coinherited a-thalassemia, fetal hemoglo-
bin-promoting variants, and other genetic or environmental factors. These findings sup-
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port the development of region-specific screening strategies and molecular testing algo-
rithms to optimize the effectiveness and cost-efficiency of thalassemia prevention and
management programs in Vietnam.

Table 4. Mutation spectrum of 3-thalassemia in the Northern and North-Central regions of Vietnam.

Functional Frequency

Variant HGVS Nomenclature Location Mutation Type Classification (%) References
codon 17 (A>T) HBB: ¢.52A>T Exon1 Nonsense [B° 44.3 [15,28,29,48,49]
COdt(i):r? (4-31“/"41%31"(;)63 le-  HBB: C;I},lz,gjrlzgdel_ Exon 2 Frameshift deletion po 325 [15,28,29,48,49]
codons 71/72 (+A) HBB: c.216_217insA  Exon 2 Frameshift insertion [P 11.1 [15,28,29,48,49]
-28 (A>G) HBB: c.-78A>G 5'"UTR Promoter mutation B* 7.0 [15,28,29,48,49]
IVS-I-1 (G>T) HBB: c.92+1G>T Intron1 Splice-site mutation ° 1.8 [15,28,29,48,49]
IVS-11-654 (C>T) HBB: c.316+197C>T Intron2 Splice-site mutation B* 1.6 [15,28,29,48,49]
codon 95 (+A) HBB: ¢.287_288insA  Exon 2 Frameshift insertion ° 0.9 [15,28,29,48,49]
-90 (C>T) HBB: c.-140C>T 5'UTR Promoter mutation B* 0.7 [15,28,29,48,49]
-88 (C>T) HBB: c.-138C>T 5'UTR Promoter mutation B* 0.2 [15,28,29,48,49]
-29 (A>G) HBB: c.-79A>G 5"UTR Promoter mutation B* 0.2 [15,28,29,48,49]
codon 146 insAC HBB: c.441_442insAC Exon 3 Frameshift insertion [B* 0.2 [15,28,29,48,49]

In contrast, the Central Highlands and South-Central Coast regions (Table 5) exhibit
a more heterogeneous spectrum of HBB variants than that observed in Northern Vietnam.
The most prevalent variant is HbE (HBB: c.79G>A), accounting for 44.4% of identified al-
leles. HbE is a structural hemoglobin variant that also displays mild 3*-thalassemia prop-
erties because the underlying nucleotide substitution activates an alternative splice site,
resulting in reduced (-globin synthesis. The next most common variants are codon 15
(G>A) (HBB: c48G>A) (16.6%) and the splice-site mutation IVS-I-1 (G>T) (HBB:
€.92+1G>T) (11.1%), both of which are classified as (3’-thalassemia mutations. Together,
these variants constitute the majority of disease-associated alleles identified in this region.
Among (3*-thalassemia mutations, the promoter variant -30 (T>A) (HBB: c.-80T>A) is the
most frequent, with a prevalence of 8.3%. Other variants, including codon 17 (A>T) (HBB:
¢.52A>T) (5.6%) and codons 41/42 deletion (-TTCT) (HBB: ¢.126_129delTTCT) (2.8%), oc-
cur at lower frequencies. Additional splice-site mutations, including IVS-II-848 (C>G)
(HBB: ¢.316-3C>G), 1IVS-1I-654 (C>T) (HBB: ¢.316+197C>T), and IVS-I-5 (G>C) (HBB:
¢.92+5G>C), as well as codon 146 insertion (insAC) (HBB: c.441_442insAC), are relatively
uncommon, each accounting for approximately 2.8% of identified alleles [15,50].

The high prevalence of HbE is consistent with its well-established distribution
throughout Southeast Asia and highlights the distinctive molecular epidemiology of [3-
globin disorders in this region. Although homozygous HbE disease is typically associated
with a mild clinical phenotype, coinheritance of HbE with {-thalassemia mutations
(HbE/B-thalassemia) represents one of the most common and clinically important hemo-
globinopathies in Southeast Asia. This resulting phenotype is highly variable, ranging
from mild anemia to severe transfusion-dependent disease. From a diagnostic perspec-
tive, the high frequency of HbE underscores the importance of screening strategies capa-
ble of detecting both (-thalassemia mutations and structural hemoglobin variants.

Furthermore, the broader molecular heterogeneity observed in the Central High-
lands and South-Central Coast regions suggests that more comprehensive molecular test-
ing panels may achieve higher diagnostic sensitivity than targeted assays designed pri-
marily for the predominant mutations encountered in Northern Vietnam. These findings
support the development of region-specific molecular screening strategies to optimize car-
rier detection, genetic counseling, and disease prevention programs.
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Table 5. Mutation spectrum of (3-thalassemia in the Central Highlands and South-Central Coast

regions of Vietnam.

Variant

HGVS Nomenclature Location Mutation Type

F i -
unc.tl'ona'l Clas- Frequency References
sification (%)

HDE (codon 26,

HbE variant
(structural hemo-

Missense variant . .
globin variant

GoA) HBB: ¢.79G>A Exon 1 w1tb 'abnormal with mild B-tha- 444 [15,50]
splicing (HbE) .
lassemia proper-
ties)
codon 15 (G>A) HBB: c.48G>A Exon 1 Nonsense ° 16.6 [15,50]
o -
IVS-I-1 (G>T) HBB: c9241G>T  Intron1 “Pi® til;i muta po 11.1 [15,50]
P t ta-
30 (T>A) HBB: c.-80T>A 5 UTR rom‘;:lmu a B 8.3 [15,50]
codon 17 (A>T) HBB: ¢.52A>T Exon 1 Nonsense ° 5.6 [15,50]
codons 41/42 dele- HBB: c.126_129del- Frameshift dele-
- Exon 2 0 2. 1
tion (-TTCT) TTCT xon tion p 8 (15,501
IVS-I1-848 (C>G)  HBB: c316-3C>G ~ Intron 2 Sphce'tsigi muta- B 2.8 [15,50]
. -
IVS-11-654 (C>T)  HBB: c316+197C>T  Intron2 Pic® :;i muta B 2.8 [15,50]
IVS-1-5(G>C)  HBB:c92+45G>C  Intron 1 Sphce';l;i muta- B 2.8 [15,50]
. . Frameshift inser-
codon 146 insAC HBB: c.441_442insAC ~ Exon 3 B 2.8 [15,50]

tion

The Kinh population (Table 6) exhibits a mutation spectrum dominated by a limited
number of recurrent HBB variants. The most prevalent mutation is codon 17 (A>T) (HBB:
¢.52A>T), accounting for 41.5% of identified alleles, followed by the codons 41/42 deletion
(-TTCT) (HBB: ¢.126_129delTTCT) at 26.8%. Together, these two [3°-thalassemia mutations
comprise more than two-thirds of detected alleles, highlighting their major contribution
to the molecular epidemiology of 3-thalassemia in the Kinh population. Among (3*-thalas-
semia mutations, the promoter variant -28 (A>G) (HBB: c.-78 A>G) is particularly common,
accounting for 19.5% of alleles, a frequency higher than that reported in several regional
populations. Other variants, including codons 71/72 (+A) (HBB: c.216_217insA) and IVS-
I-1 (G>T) (HBB: ¢.92+1G>T), each account for 4.9% of identified alleles, while the promoter
mutation -88 (C>T) (HBB: c.-138C>T) is relatively uncommon (2.4%) [15].

Overall, the mutation profile of the Kinh population is characterized by the predom-
inance of a small number of recurrent 3° mutations together with a relatively substantial
contribution of 3* promoter variants. This distribution may contribute to clinical hetero-
geneity, although disease severity is also influenced by additional genetic modifiers, coin-
herited hemoglobinopathies, and environmental factors. From a diagnostic perspective,
the concentration of mutations within a limited number of recurrent variants suggests that
targeted molecular screening panels could achieve high detection rates in the Kinh popu-
lation. Nevertheless, the relatively high frequency of 3* promoter mutations highlights the
importance of incorporating both severe and milder disease-associated variants into car-
rier screening and prenatal diagnostic strategies.
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Table 6. Mutation spectrum of (3-thalassemia in the Kinh ethnic group in Vietnam.
. . . Functional Frequency
Variant HGVS Nomenclature Location Mutation Type e o References
Classification (%)
codon 17 (A>T) HBB: ¢.52A>T Exon 1 Nonsense p° 41.5 [15]
41/42 de- F hift dele-
codons 41/42de-  pp 156 129deITTCT  Exon2 | romeshift dele B0 26.8 [15]
letion (-TTCT) tion
28 (A>G) HBB: c.-78A>G 5 UTR Promiiimum’ B 19.5 [15]
codons71/72 pipp (216 217insA  Exona | rameshiftinser- B0 49 [15]
(+A) tion
IVS-I-1 (G>T) HBB: c.92+1G>T Intron 1 Sphce';grel muta- B0 49 [15]
P t ta-
-88 (C>T) HBB: c.-138C>T 5 UTR onoermuta B 2.4 [15]

tion

Collectively, these findings highlight both shared and region-specific features in the
molecular epidemiology of 3-thalassemia in Vietnam. Northern and North-Central pop-
ulations are characterized by a predominance of (-thalassemia mutations, particularly
codon 17 (A>T and codons 41/42 deletion (-TTCT), whereas the Central Highland and
South-Central Coast regions exhibit a more heterogeneous spectrum of HBB variants and
a markedly higher prevalence of HbE. Consequently, HbE/B-thalassemia is likely to rep-
resent a more important contributor to the regional burden of clinically significant hemo-
globinopathies in these areas. Similar geographic patterns have been reported in several
neighboring Southeast Asian countries, suggesting the influence of shared population his-
tories, migration patterns, and genetic backgrounds on the distribution of -globin vari-
ants.

The interaction between HbE and p-thalassemia mutations gives rise to HbE/p-tha-
lassemia, a disorder characterized by substantial phenotypic heterogeneity, ranging from
mild anemia to severe transfusion-dependent disease. This variability poses important
challenges for clinical management because hematological parameters alone may not re-
liably predict disease severity or long-term transfusion requirements. From a public
health perspective, the high prevalence of HbE underscores the importance of incorporat-
ing structural hemoglobin variants into screening programs and molecular diagnostic
panels. Failure to identify HbE carriers may result in underestimation of reproductive risk
and missed opportunities for genetic counseling and prevention.

Although the mutation spectrum of [-thalassemia in Vietnam has been relatively
well characterized, several limitations should be acknowledged. Most available studies
have employed targeted molecular assays designed to detect common mutations, which
may preferentially identify high-frequency variants while underestimating the contribu-
tion of rare or novel alleles. The limited application of comprehensive genomic ap-
proaches, including next-generation sequencing, further restricts the detection of uncom-
mon pathogenic variants, complex genotypes and genetic modifier variants that may in-
fluence disease severity. In addition, many regional studies have been conducted in rela-
tively small cohorts or clinically selected populations, potentially introducing ascertain-
ment bias and overrepresenting severe phenotypes. Consequently, the current reported
mutation spectrum may not fully capture the genetic diversity of p-thalassemia in the
general Vietnamese population. Future large-scale, population-based studies using stand-
ardized molecular methodologies will be essential to refine estimates of mutation frequen-
cies and support the development of evidence-based screening, diagnostic, and preven-
tion strategies in Vietnam.
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4. Diagnosis of f-Thalassemia

Early and accurate diagnosis of [-thalassemia is essential for appropriate clinical

management, genetic counseling, and prevention of disease transmission. In Vietnam, a

stepwise diagnostic strategy that combines hematological screening with confirmatory

molecular testing is widely adopted to optimize both diagnostic accuracy and cost-effec-

tiveness.

Initial assessment relies on routine hematological parameters (Table 7). Affected in-
dividuals commonly present with microcytic, hypochromic anemia, characterized by re-
duced MCV (typically <80 fL in adults and frequently <75 fL in affected individuals) and
MCH (<27 pg). Despite the presence of anemia, the red blood cell (RBC) count is often
normal or increased, reflecting ineffective erythropoiesis and compensatory erythroid ex-

pansion. In contrast to iron deficiency anemia, red blood cell distribution width (RDW) is

often normal or only mildly increased, whereas serum ferritin concentrations are gener-
ally within the normal range or elevated [22]. The Mentzer index (MCV/RBC count) is a
simple and widely used screening parameter, with values <13 suggesting 3-thalassemia

rather than iron deficiency anemia.

Peripheral blood smear examination provides additional diagnostic information and
typically reveals characteristic morphological abnormalities, including microcytosis, hy-
pochromia, anisocytosis, poikilocytosis, target cells, nucleated red blood cells, basophilic

stippling, and varying degrees of reticulocytosis [22]. Hemoglobin analysis using electro-

phoresis or HPLC represents a key component of the diagnostic workup and is particu-

larly useful for carrier detection. Characteristic findings include elevated HbA: levels, var-
iable increases in HbF, and reduced or absent HbA depending on the underlying geno-

type and clinical phenotype [22,23].

Table 7. Hematological characteristics in the initial evaluation of 3-thalassemia.

Parameter Findings in B-Thalassemia References
Mean corpuscular volume (MCV) Reduced (<80 fL in adults; typically <75 fL in affected individuals) [22,23]
Mean corpu(s;/{uég)hemoglobm Reduced (<27 pg) 22,23]
Red blood cell count (RBC) Normal or increased despite anemia [22,23]
Red blood Cel(chgsvt\;‘;butlon width Usually normal or mildly increased [22,23]
Serum ferritin Normal to elevated unless concomitant iron deficiency is present [22,23]
Mentzer index (MCV/RBC count) <13, suggestive of B-thalassemia rather than iron deficiency anemia [22,23]
Microcytosis, hypochromia, anisocytosis, poikilocytosis, target
Peripheral blood smear cells, nucleated red blood cells, basophilic stippling, and increased [22,23]
reticulocyte count
Hemoglobin analysis (electropho- Elevated HbA:, variable increase in HbF, and reduced or absent 22,23]

resis or HPLC) HbA depending on genotype and disease severity

Definitive diagnosis of 3-thalassemia requires molecular characterization of patho-

genic variants in the HBB gene. A variety of molecular techniques are currently employed
in Vietnam (Table 8). Targeted methods, including ARMS-PCR and reverse dot-blot hy-
bridization, are widely utilized in carrier screening and routine diagnostic programs be-
cause of their relatively low cost, rapid turnaround time, and high analytical sensitivity
for recurrent population-specific variants. These techniques are particularly effective for
identifying the most prevalent mutations observed in Vietnam, such as codon 17 (A>T),

codons 41/42 deletion (-TTCT), and IVS-I-1 mutations [24-28].

Sanger sequencing remains the conventional reference standard for mutation confir-

mation and provides high accuracy for the identification of both common and uncommon
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sequence variants. In addition, it is valuable for resolving inconclusive results obtained
by targeted assays and for characterizing mutations not included in routine screening
panels. However, its relatively high cost, limited throughput, and inability to efficiently
analyze large numbers of samples restrict its application primarily to confirmatory testing
and selected diagnostic cases [29,30].

More recently, NGS technologies have expanded the scope of molecular diagnosis by
enabling comprehensive analysis of the HBB gene and related genomic regions. NGS fa-
cilitates the identification of rare, novel, and complex variants, including compound het-
erozygous genotypes and potential genetic modifiers that may influence clinical pheno-
types. Consequently, NGS has emerged as a powerful tool for improving diagnostic yield
and refining genotype-phenotype correlations. Nevertheless, widespread implementa-
tion of NGS in Vietnam remains limited by cost, infrastructure requirements, data inter-
pretation challenges, and the need for specialized bioinformatics expertise [39,51,52].

From a public health perspective, the available evidence supports a tiered diagnostic
strategy consisting of initial screening with cost-effective targeted assays, followed by con-
firmatory or expanded molecular testing in selected individuals. The effectiveness of such
an approach depends on maintaining diagnostic panels that reflect the evolving regional
mutation spectrum. Continuous updating of national mutation databases and diagnostic
protocols will therefore be essential to ensure optimal detection rates, support genetic
counseling, and enhance the effectiveness of thalassemia prevention programs in Vi-
etnam.

Table 8. Comparison of Molecular Methods for Detecting (3-thalassemia Mutations in Vietnam.

Reverse Dot Blot Hybridi- xt Generation Se-
Criteria ARMS-PCR everse Dot . ot Hybrid Sanger Sequencing Ne tGe. eration Se
zation quencing (NGS)
Allele-specific amplifi- Hybridization of amplified _ . . Massively parallel se-
. . . . ... Direct sequencing of . .
Principle cation of predefined DNA to mutation-specific . quencing of multiple
. target DNA regions . .
variants probes genomic regions

. Designed to detect ~ Simultaneous detection of Comprehensive analy- .
Relevance to Viet- ) . . . . Comprehensive detec-
. common Vietnamese multiple prevalent regional sis of all sequence vari-
namese mutation tion of common, rare,

mutations (codon 17, mutations (codon 17, co- ants within targeted re-

spectrum codons 41/42, HbE)  dons 41/42, IVS-I-1) gions and novel variants
. Limited (~3-10 muta- Moderate (~5-20 mutations High within sequenced Very high (Compre-
Mutation coverage . . )
tions per assay) per panel) regions hensive)
Detection of .Com- Excellent Excellent Excellent Excellent
mon mutations
Detection of r(:ire or No No Yes Yes
novel mutations
Detection of com- . .
Limited Limited Moderate Excellent
plex genotypes
Analytical sensitiv- . . . . Very high (gold stand- .
ity and specificity High/Very high High/Very high ard) Very high
Throughput Low Moderate Low to moderate High
Turnaround time Rapid (same day) Moderate (same day to 1 Moderate (1-2 days) Longer (several days to
day) >1 week)
Technical complex- .
ity Low Moderate Moderate High
Bioinformatics re- .. .
. None None Minimal Substantial
quirement
Suitability for pop- Highly (low-cost tar- Highly (multiplex popula- Low (confirmatory = Low-moderate (com-
ulation screening geted screening) tion panels) role) prehensive but costly)
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Suitability for pre- . Yes (panel-based screen- Yes (confirmatory test- Yes (comprehensive
; . Yes (targeted variants) . . .
natal diagnosis ing) ing) analysis)
Relative cost Low Moderate Moderate to high High

Primarily used for con-
Current use in Vi- Widely used in carrier Commonly used in referral firmatory testing and Primarily research and
etnam screening laboratories characterization of un- selected tertiary centers
common variants

In clinical practice, a tiered diagnostic strategy is commonly employed for the detec-
tion of pB-thalassemia in Vietnam. Initial case identification is based on hematological
screening and hemoglobin analysis, followed by targeted molecular testing for common
population-specific mutations. More comprehensive approaches, including Sanger se-
quencing and NGS, are generally reserved for unresolved cases, atypical phenotypes, or
situations in which targeted assays fail to identify a causative variant. This stepwise ap-
proach balances diagnostic accuracy with cost-effectiveness and is well suited to the cur-
rent healthcare infrastructure and resource availability in Vietnam.

A major diagnostic challenge is the differentiation of (3-thalassemia trait from iron
deficiency anemia, as both conditions commonly present with microcytic, hypochromic
anemia. Reliance on hematological indices alone may therefore lead to misclassification.
Although indices such as the Mentzer index provide a useful initial screening tool, their
diagnostic performance is not sufficient for definitive diagnosis. Interpretation may be
further complicated by coexisting iron deficiency, which remains common in many pop-
ulations. Consequently, iron studies and hemoglobin analysis should be incorporated into
the diagnostic workup to improve diagnostic accuracy and avoid inappropriate manage-
ment, including unnecessary iron supplementation in thalassemia carriers.

Despite substantial advances in diagnostic technology, several limitations remain.
Hematological screening methods, while inexpensive and widely accessible, lack specific-
ity in distinguishing B-thalassemia carriers from individuals with iron deficiency or other
hemoglobin disorders. Similarly, targeted molecular assays may fail to detect rare, novel,
or region-specific variants not included in predefined mutation panels. In addition, dis-
parities in infrastructure and technical expertise across different regions of Vietnam may
contribute to variability in diagnostic performance and reporting practices. Furthermore,
relatively few studies have systematically evaluated the diagnostic accuracy, clinical util-
ity, and cost-effectiveness of different testing algorithms within the Vietnamese healthcare
setting.

Overall, the integration of hematological, biochemical, and molecular diagnostic ap-
proaches provides a robust framework for the early detection and accurate diagnosis of
[-thalassemia. Expanding access to molecular diagnostic services, particularly in under-
served regions, strengthening laboratory standardization, and implementing evidence-
based diagnostic algorithms will be critical to improving screening coverage and support-
ing national thalassemia prevention and control strategies. The proposed stepwise diag-
nostic algorithm for (3-thalassemia in Vietnam is presented in Figure 1.
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Complete Blood count
1. MCH: Reduced (<80 fL in adults; often <75 fL
in affected individuals)
2. MCV: Reduced (<27 pg)

Mentzer index <13

|

Hb analysis (HbA2 > 3.5% or tHbF)

|

Suspected carrier of B-thalassemia

Targeted real-time PCR (qPCR) panel
(common HBB mutations)

|

If negative/inconclusive

Sanger sequencing/Next generation
sequencing (NGS)

Novel or rare HBB mutations

Figure 1. Proposed stepwise diagnostic algorithm for p-thalassemia in Vietnam. Hematological
screening (MCV, MCH, and Mentzer index) and hemoglobin analysis (HPLC or electrophoresis).
Individuals with suggestive findings undergo targeted molecular testing for common HBB muta-
tions, while inconclusive results proceed to Sanger sequencing or next-generation sequencing (NGS)

for comprehensive molecular characterization.

5. Treatment of B-Thalassemia
5.1. Blood Transfusion

Regular RBC transfusion remains the cornerstone of treatment for patients with TDT.
The primary objectives of transfusion therapy are to correct chronic anemia, suppress in-
effective erythropoiesis, prevent skeletal deformities and extramedullary hematopoiesis,
reduce compensatory gastrointestinal iron absorption, and improve growth, functional
capacity, and quality of life [9,10,20]. Current TIF guidelines recommend maintaining pre-
transfusion hemoglobin concentrations between 9.5 and 10.5 g/dL through regular trans-
fusions administered every 2-5 weeks, with transfusion intervals individualized accord-
ing to clinical status, growth, activity level, and transfusion requirements [9,10].

The provision of transfusion therapy in Vietnam has improved substantially over the
past three decades owing to the development of a nationwide blood donation and trans-
fusion network coordinated by the National Institute of Hematology and Blood Transfu-
sion (NIHBT), together with regional blood centers and hospital-based transfusion ser-
vices. Voluntary blood donation currently accounts for more than 97-99% of all collected
blood units, representing a major achievement in blood safety and sustainability [53-55].
Consequently, annual blood collection increased from approximately 138,000 units in
1994 to more than 1.5 million units in 2023 and approximately 1.78 million units in 2025,
significantly enhancing national transfusion capacity and supporting the long-term care
of patients with chronic hematological disorders [53-55].

Management of 3-thalassemia in Vietnam is concentrated in specialized hematology
centers, including the National Institute of Hematology and Blood Transfusion, National
Children’s Hospital, Blood Transfusion Hematology Hospital in Ho Chi Minh City, Hue
Central Hospital, and an expanding network of provincial referral centers [15,56,57]. Ac-
cording to estimates from NIHBT, more than 20,000 individuals currently require ongoing
treatment for thalassemia, including approximately 8000-10,000 patients dependent on
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regular transfusion therapy [15,57]. Although comprehensive nationwide data on blood
utilization remain limited, reports from major treatment centers indicate that transfusion-
dependent patients consume a substantial proportion of RBC units because of their life-
long transfusion requirements, placing a significant burden on healthcare resources and
transfusion services [15,57].

In accordance with international recommendations, leukocyte-reduced packed RBCs
are preferred for chronically transfused patients because they reduce the risk of febrile
non-hemolytic transfusion reactions, cytomegalovirus transmission, and alloimmuniza-
tion [9,10,20]. Washed RBCs may be considered for individuals experiencing recurrent
severe allergic reactions, whereas extended RBC phenotyping and routine antibody
screening are recommended to minimize alloimmunization and facilitate compatible
blood matching during long-term treatment [9,10,20].

Despite its indispensable role in improving survival and clinical outcomes, chronic
transfusion therapy is associated with a range of short- and long-term complications.
Transfusional iron overload remains the most important treatment-related adverse effect
and is a major cause of morbidity and mortality through progressive cardiac, hepatic, en-
docrine, and metabolic dysfunction when inadequately controlled [9,10,58,59]. Additional
complications include alloimmunization, febrile non-hemolytic transfusion reactions, al-
lergic reactions, delayed hemolytic transfusion reactions, and, despite increasingly strin-
gent donor screening procedures, a residual risk of transfusion-transmitted infections
[9,10].

Comprehensive monitoring and haemovigilance are therefore essential components
of modern thalassemia care. The TIF recommends integrated haemovigilance systems that
facilitate systematic monitoring, reporting, investigation, and prevention of transfusion-
related adverse events through coordinated collaboration among blood centers, transfu-
sion laboratories, clinicians, and regulatory authorities [9,10]. Although Vietnam has
made substantial progress in blood safety, donor screening, and quality management,
published nationwide haemovigilance data specific to patients with thalassemia remain
limited [53,55]. Strengthening national haemovigilance systems and establishing disease-
specific transfusion surveillance programs may further improve transfusion safety, opti-
mize resource utilization, and enhance long-term outcomes for patients with TDT
[9,10,60].

5.2. Iron Chelation Therapy

Iron chelation therapy is therefore an essential component of long-term management
in patients with TDT and is generally initiated after approximately 10-20 transfusions,
when serum ferritin levels exceed 1000 ng/mL, or when evidence of tissue iron accumula-
tion is detected by imaging studies [9,10,34]. Effective iron chelation is critical for prevent-
ing progressive cardiac, hepatic, endocrine, and metabolic complications associated with
transfusional iron overload, which remains a major cause of morbidity and mortality in
chronically transfused patients.

Three iron chelators are currently available for clinical use: deferoxamine, defer-
iprone and deferasirox. Deferoxamine, administered by prolonged subcutaneous or intra-
venous infusion, was the first effective chelator introduced into clinical practice and re-
mains an important therapeutic option, particularly for patients with severe iron over-
load, cardiac siderosis, or intolerance to oral agents. However, the requirement for pro-
longed parenteral administration often compromises long-term adherence. In contrast,
the oral chelators deferiprone and deferasirox offer greater convenience and have sub-
stantially improved treatment compliance and quality of life. Deferiprone has demon-
strated efficacy in reducing myocardial iron deposition, whereas deferasirox provides
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once-daily dosing and has become the most widely prescribed iron chelator in many coun-
tries, including Vietnam [61,62].

For patients with severe iron overload or suboptimal response to monotherapy, com-
bination chelation regimens may provide enhanced efficacy. The combination of deferox-
amine and deferiprone has been shown to improve total body iron removal and reduce
cardiac iron burden more effectively than either agent alone in selected patients [63,64].
More recently, combinations involving deferasirox and deferiprone have also demon-
strated promising results in individuals with refractory iron overload [65,66]. Selection of
chelation therapy should therefore be individualized according to iron burden, organ in-
volvement, treatment response, adverse effects, patient preference, and local resource
availability [9,10].

In Vietnam, access to iron chelation therapy has improved considerably over the past
two decades, particularly following the introduction of oral chelators [15,53,56]. Defer-
asirox has become the most commonly prescribed chelator because of its convenient ad-
ministration schedule and favorable adherence profile compared with subcutaneous
deferoxamine. Nevertheless, treatment costs, drug availability, and long-term adherence
remain significant challenges, particularly among patients living in rural areas and socio-
economically disadvantaged populations [15,53,56]. These barriers may contribute to in-
adequate iron control and increase the risk of long-term complications.

Monitoring iron overload is essential for guiding chelation therapy and assessing
treatment efficacy. Serum ferritin measurement remains the most widely used monitoring
tool because of its accessibility, low cost, and feasibility for serial assessment [9,10]. How-
ever, ferritin concentrations may be influenced by inflammation, infection, and liver dis-
ease, limiting their specificity as indicators of total body iron burden. Current interna-
tional guidelines recommend periodic magnetic resonance imaging (MRI)-based assess-
ment of liver iron concentration (LIC) and cardiac T2* MRI, which provide more accurate
and reproducible quantification of tissue iron deposition and enable earlier detection of
organ-specific iron overload [9,10,67,68]. In Vietnam, however, access to these advanced
imaging modalities remains largely restricted to tertiary referral centers, limiting their
routine application in many regions of the country.

Despite substantial progress in the availability of iron chelation therapy, iron over-
load continues to represent a major clinical challenge among Vietnamese patients with
TDT. Expanding access to effective chelation regimens, improving adherence through pa-
tient education and structured long-term follow-up, and increasing the availability of ad-
vanced iron monitoring techniques will be critical to reducing iron-related morbidity and
mortality and improving long-term clinical outcomes [9,10].

5.3. Hematopoietic Stem Cell Transplantation

Allogeneic HSCT remains the only widely established curative treatment for -tha-
lassemia. By replacing defective hematopoietic stem cells with healthy donor-derived cells
capable of producing normal hemoglobin, HSCT can eliminate transfusion dependence
and prevent the progressive complications associated with chronic anemia and iron over-
load [9,10,69,70]. Over the past three decades, transplantation outcomes have improved
substantially, with overall survival rates approaching 90% in carefully selected patients,
particularly younger individuals undergoing transplantation from HLA-matched sibling
donors [69,70].

Despite its curative potential, HSCT is associated with significant risks, including
conditioning-related toxicity, graft failure, graft-versus-host disease (GVHD), opportun-
istic infections, and transplant-related mortality. Clinical outcomes are influenced by sev-
eral factors, including patient age, disease severity, pre-existing organ damage, iron bur-
den, donor type, conditioning regimen, and transplant center experience. Consequently,
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careful patient selection and comprehensive pre-transplant evaluation remain essential
for optimizing therapeutic outcomes [69-71].

Recent advances in transplantation strategies have expanded the applicability of
HSCT beyond conventional matched sibling donor transplantation. The increasing use of
matched unrelated donors, haploidentical donors, and umbilical cord blood transplanta-
tion has broadened donor availability and improved access for patients lacking HLA-
identical siblings. In parallel, refinements in conditioning regimens, supportive care, in-
fection prophylaxis, and GVHD prevention have contributed to improved engraftment
rates, enhanced survival, and reduced treatment-related complications [6,71-73].

In Vietnam, HSCT has become an established therapeutic option at several special-
ized hematology centers, including NIHBT, National Children’s Hospital, Blood Transfu-
sion Hematology Hospital in Ho Chi Minh City, and other tertiary referral institutions.
Clinical outcomes have improved steadily owing to advances in transplant expertise, sup-
portive care, donor selection, and molecular diagnostic technologies [15,53,57]. Neverthe-
less, access to HSCT remains limited by donor availability, procedure-related risks, infra-
structure requirements, and substantial financial costs. As a result, only a minority of eli-
gible patients currently undergo transplantation [53,57].

Although HSCT offers the possibility of long-term cure, its widespread implementa-
tion remains challenging in many low- and middle-income countries. Expanding donor
registries, strengthening transplantation infrastructure, improving laboratory and sup-
portive care capacity, and increasing financial support mechanisms will be essential to
enhance access to this potentially curative therapy and improve long-term outcomes for
patients with p-thalassemia in Vietnam [15,57].

5.4. Gene Therapy

Recent advances in molecular medicine have transformed the therapeutic landscape
of 3-thalassemia through the development of gene-based therapies that directly address
the underlying genetic defect. Unlike allogeneic HSCT, these approaches utilize autolo-
gous hematopoietic stem and progenitor cells (HSPCs), thereby eliminating the risks of
donor availability, graft rejection, and GVHD [9,10]. Current strategies can be broadly
classified into gene addition and genome-editing approaches.

Gene addition therapy employs lentiviral vectors to introduce functional $-globin or
[-like globin genes into autologous HSPCs, restoring effective hemoglobin production af-
ter reinfusion of genetically modified cells. Clinical studies have demonstrated sustained
hemoglobin expression and significant reductions in transfusion requirements among pa-
tients with TDT [9,10].

More recently, genome-editing technologies, including zinc finger nucleases (ZFNs),
transcription activator-like effector nucleases (TALENSs), and CRISPR-Cas9 systems, have
enabled precise modification of disease-associated genomic loci [74]. Among these plat-
forms, CRISPR-Cas9 has emerged as the most promising owing to its high efficiency, rel-
ative simplicity, and capacity for targeting multiplex genomic regions simultaneously
[35]. The most successful clinical strategy has focused on reactivating HbF production
through disruption of regulatory elements controlling expression of the transcription fac-
tor BCL11A. Increased HbF synthesis can compensate for deficient (3-globin production
and substantially ameliorate disease severity.

The clinical potential of this approach was demonstrated by exagamglogene auto-
temcel, the first CRISPR-based therapy approved for B-thalassemia [36]. In pivotal clinical
trials, the majority of patients with TDT achieved durable transfusion independence for
at least 12 consecutive months following treatment, accompanied by sustained increases
in total hemoglobin levels and improved quality of life [36,75-78]. These findings repre-
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sent a major milestone in the treatment of inherited hemoglobin disorders and provide
proof-of-concept for genome editing as a potentially curative therapeutic strategy.

Despite these encouraging results, several important challenges remain. Long-term
safety data are still limited, and continued follow-up is required to assess the durability
of therapeutic benefit and to monitor potential late adverse effects, including clonal hem-
atopoiesis, insertional mutagenesis, and off-target genomic modifications [75-78]. In ad-
dition, current gene therapy protocols remain complex and resource-intensive, requiring
autologous stem cell collection, ex vivo genetic modification, myeloablative conditioning,
and prolonged post-treatment monitoring. Consequently, treatment is currently restricted
to highly specialized centers.

Cost represents another major barrier to widespread implementation. Gene therapy
products for 3-thalassemia are among the most expensive medical interventions currently
available, with treatment costs exceeding USD 2 million per patient in several healthcare
systems [79,80]. Although these therapies may ultimately prove cost-effective when com-
pared with lifelong transfusion and iron chelation therapy, the substantial upfront finan-
cial burden poses significant challenges for healthcare systems, particularly in low- and
middle-income countries.

In Vietnam, gene therapy and genome-editing technologies remain largely unavail-
able outside research settings because of financial, regulatory, and infrastructural con-
straints. Nevertheless, continued advances in molecular diagnostics, stem cell transplan-
tation programs, and precision medicine initiatives are expected to facilitate future adop-
tion of these technologies. Although gene therapy is unlikely to become widely accessible
in the immediate future, it represents one of the most promising long-term strategies for
achieving durable cure and reducing the clinical burden of (3-thalassemia in Vietnam.

The status of major treatment modalities for 3-thalassemia in Vietnam is summarized
in Table 9. At present, supportive therapies, particularly regular blood transfusion and
iron chelation, remain the cornerstone of disease management because of their proven
efficacy and widespread availability. However, these approaches require lifelong treat-
ment and are associated with cumulative complications and substantial healthcare costs.
HSCT provides an established curative option and has achieved encouraging outcomes in
selected patients; nevertheless, its broader application remains limited by donor availa-
bility, infrastructure requirements, procedure-related risks, and financial constraints.
Gene therapy and genome-editing technologies represent a promising new era of disease-
modifying and potentially curative approaches. Although early clinical trial results have
demonstrated remarkable efficacy, their implementation remains restricted by high costs,
technical complexity, regulatory challenges, and limited long-term safety data.

Table 9. The status of major treatment modalities for -thalassemia in Vietnam.

Current Availability = Main Treatment

Treatment Modality in Vietnam Centers Advantages Challenges
Effective correction of Lifelong dependence,
tional . o . 1 )
Blood transfusion Widely available Na 19na and.provm anemia; improves iron over (?ad, blood
cial hospitals growth, development, supply requirements, al-

and survival loimmunization

Iron chelation therapy

Prevents iron-related

Long-t dh ,
Hematology and  cardiac, hepatic, and ong-term adherence

Hematopoietic stem cell Available in selected

transplantation (HSCT)

Widely available . . . adverse effects, treat-
transfusion centers endocrine complica-
. ment cost
tions
NIHBT, National . . S
. | . Established curative Donor availability, trans-
Children’s Hospital,

centers therapy plant-related risks, infra-

Blood Transfusion
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Hematology Hospi- structure requirements,
tal in Ho Chi Minh high cost
City
Extremely high cost,

Primarily research technical complexity,
Gene therapy Not routinely available and international . limited accessibility,
.. . . rative treatment .
clinical trial settings long-term safety moni-
toring

Potential one-time cu-

6. Prevention and Control Strategy of B-Thalassemia

[-thalassemia imposes a substantial and persistent burden on affected individuals,
families, and healthcare systems, owing to lifelong transfusion requirements, iron over-
load-related complications, and limited access to curative therapies. Consequently, pre-
vention is widely recognized as the most effective and cost-efficient strategy for long-term
disease control [9,10]. In Vietnam, a multi-tiered prevention framework has gradually
evolved, integrating carrier screening, genetic counseling, prenatal diagnosis, and clinical
management within the national healthcare system [15,53].

Carrier screening constitutes the cornerstone of 3-thalassemia prevention [9,10]. In
current practice, screening is increasingly incorporated into premarital, preconception,
and antenatal care programs. Initial assessment typically relies on hematological param-
eters, including MCV and MCH, followed by hemoglobin analysis to quantify HbA: lev-
els. Individuals presenting with microcytosis and elevated HbA2 (23.5%) are considered
potential carriers and undergo confirmatory molecular testing using PCR-based assays or
DNA sequencing [9,10]. Although screening services have expanded considerably in re-
cent years, implementation remains uneven. Coverage is substantially higher in urban
centers and tertiary hospitals than in rural, mountainous, and ethnic minority regions,
highlighting persistent disparities in access to diagnostic services. Expanding equitable
access to screening remains a major public health priority [15,53].

Premarital and preconception screening programs are increasingly recognized as
highly effective preventive strategies, particularly in populations with a high prevalence
of thalassemia-associated variants. Early identification of at-risk couples facilitates in-
formed reproductive decision-making and can significantly reduce the incidence of severe
disease in subsequent generations [81]. However, broader implementation remains con-
strained by limited public awareness, sociocultural barriers, and resource limitations.
Strengthening these programs through targeted health education, community engage-
ment, and supportive public health policies will therefore be essential.

Genetic counseling is a fundamental component of comprehensive thalassemia pre-
vention programs [9,10]. Counseling services provide individuals and couples with infor-
mation regarding inheritance patterns, reproductive risks, and available reproductive op-
tions, including natural conception with prenatal diagnosis, in vitro fertilization com-
bined with preimplantation genetic testing, and alternative family planning approaches
[9,10]. Despite increasing recognition of its importance, access to professional genetic
counseling remains limited in Vietnam [15,53]. Counseling services are often provided by
clinicians without specialized training. Developing a standardized training program and
expanding the genetic counseling workforce represents a key priority for improving ser-
vice quality and accessibility nationwide.

Prenatal diagnosis remains one of the most effective interventions for preventing the
birth of children with severe 3-thalassemia [9,10]. In Vietnam, prenatal diagnostic services
are available primarily at tertiary referral hospitals and specialized centers through pro-
cedures such as chorionic villus sampling at 10-13 weeks or amniocentesis at 1618 weeks.
Molecular analysis enables precise identification of fetal HBB mutations and facilitates in-
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formed reproductive decision-making when severe genotypes are detected. In healthcare
systems where screening, counseling, and prenatal diagnosis are well integrated, substan-
tial reductions in disease incidence have been achieved [81,82]. However, disparities in
geographic accessibility, together with ethical, cultural, and legal considerations, continue
to influence the utilization of prenatal diagnostic services.

Preimplantation genetic testing (PGT), performed in conjunction with in vitro fertili-
zation, represents an advanced preventive strategy that enables the selection of unaffected
embryos prior to implantation [83,84]. Although PGT offers an effective alternative to pre-
natal diagnosis and pregnancy termination, its application in Vietnam remains limited
because of high costs, technical complexity, and restricted availability at specialized fer-
tility centers.

In recent years, thalassemia prevention and control have increasingly been incorpo-
rated into national health policies. The implementation of population policy reforms un-
der Resolution No. 21-NQ/TW (2017) and the Vietnam Population Strategy to 2030 shifted
the focus of national population programs from fertility control toward improving popu-
lation quality, including the prevention of hereditary and congenital disorders through
premarital counseling, carrier screening, prenatal diagnosis, and newborn screening
[85,86]. Efforts to expand screening and prevention services among ethnic minority pop-
ulations were further strengthened through Resolution No. 88/QH14 (2019) and Resolu-
tion No. 12/NQ-CP [87,88]. A major policy milestone was the issuance of Decision No.
1807/QD-BYT (2020), which established national technical guidelines for prenatal and
newborn screening, diagnosis, and management [89]. The guideline specifically recom-
mends early screening for thalassemia during pregnancy and provides a standardized
framework for risk assessment, genetic counseling, prenatal diagnosis, and clinical follow-
up. These efforts were further strengthened by Decision No. 3845/QD-BYT (2021), which
incorporated prenatal and newborn screening for selected congenital disorders, including
thalassemia, into the basic health service package [90]. This policy has facilitated broader
access to screening services through the public healthcare system and supported the ex-
pansion of preventive programs, particularly in populations at increased genetic risk.

In parallel, national and provincial health authorities have expanded public aware-
ness, campaigns, professional training programs, and community-based screening initia-
tives aimed at improving early detection and prevention. Current policy discussions con-
tinue to emphasize the expansion of prenatal and newborn screening coverage, reflecting
the growing recognition of thalassemia as a priority genetic disorder within Vietnam’s
population health agenda.

Collectively, these policy developments reflect a gradual transition from a treatment-
oriented approach toward a comprehensive prevention framework that emphasizes early
detection, reproductive counseling, and population-based screening as key components
of long-term thalassemia control in Vietnam.

7. Limitations of Current Evidence

Several limitations in the current evidence base on (3-thalassemia in Vietnam should
be acknowledged. First, most available studies are cross-sectional and observational, lim-
iting longitudinal assessment of disease burden and temporal trends. Second, substantial
heterogeneity exists in study design, sampling strategies, diagnostic methodologies, and
population selection, complicating direct comparison across studies. Third, many investi-
gations have been conducted in tertiary referral centers or high-prevalence populations,
introducing potential selection bias and limiting generalizability to the broader Vietnam-
ese population. Fourth, epidemiological and molecular data remain unavailable for sev-
eral geographic regions and ethnic groups, resulting in an incomplete national picture of
disease distribution. Finally, the limited integration of molecular and clinical datasets re-
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stricts comprehensive genotype-phenotype analyses and hinders the development of pre-
cision medicine approaches.

Addressing these gaps will require coordinated, large-scale, population-based stud-
ies employing standardized methodologies, broader geographic coverage, and integra-
tion of molecular, clinical, and health-system data. Such efforts will be essential for refin-
ing prevention strategies, optimizing resource allocation, and advancing evidence-based
thalassemia control policies in Vietnam.

8. Conclusions and Future Perspectives

f-thalassemia remains one of the most inherited hematological disorders in Vietnam
and continues to pose a substantial public health challenge. The disease is characterized
by marked ethnic and geographic heterogeneity, with considerable variation in carrier
frequencies and mutation spectra across different populations. Although the Kinh popu-
lation exhibits a relatively low carrier frequency, its large population size contributes sub-
stantially to the national disease burden, while several ethnic minority groups demon-
strate disproportionately high prevalences that warrant targeted public health interven-
tions.

Over the past two decades, substantial progress has been achieved in the diagnosis,
prevention, and management of 3-thalassemia in Vietnam. Advances in molecular diag-
nostics have improved carrier detection, mutation characterization, and prenatal diagno-
sis, while expanded screening programs have strengthened prevention efforts. The iden-
tification of a limited number of recurrent HBB mutations that account for the majority of
cases has facilitated the development of cost-effective diagnostic strategies tailored to the
Vietnamese population. Concurrently, improvements in transfusion services, iron chela-
tion therapy, and HSCT have contributed to better survival and quality of life among af-
fected individuals.

Despite these advances, important challenges remain. Access to screening, molecular
diagnostics, genetic counseling, and specialized treatment services remains uneven, par-
ticularly in rural, remote, and ethnic minority communities where disease burden is often
greatest. Public awareness of thalassemia and its hereditary nature remains limited, and
disparities in healthcare infrastructure continue to affect the implementation of compre-
hensive prevention and management programs. Furthermore, important gaps persist in
epidemiological, molecular, and clinical data, particularly among underrepresented eth-
nic groups and geographic regions.

Addressing these challenges will require a coordinated national strategy that priori-
tizes population-based screening, expansion of genetic counseling services, strengthening
of laboratory and diagnostic capacity, and integration of thalassemia prevention into ma-
ternal and child health programs. Establishment of a national thalassemia registry and
broader implementation of standardized surveillance systems would further support ev-
idence-based policy development and resource allocation.

Looking ahead, the integration of advanced genomic technologies, including NGS,
non-invasive prenatal testing, and precision medicine approaches, has the potential to
further improve diagnostic accuracy and prevention strategies. At the therapeutic level,
continued expansion of hematopoietic stem cell transplantation programs and the future
integration of gene therapy and genome-editing technologies may fundamentally trans-
form the treatment landscape. However, successful implementation will depend on sus-
tainable financing mechanisms, appropriate regulatory frameworks, healthcare infra-
structure development, and continued investment in workforce training and research ca-
pacity.

In conclusion, B-thalassemia remains a major yet increasingly manageable public
health challenge in Vietnam. Continued commitment to prevention, early detection, equi-

https://doi.org/10.3390/thalassrep16030013



Thalass. Rep. 2026, 16, 13

23 of 27

References

table access to care, and innovation in diagnostics and therapeutics will be essential for
reducing the disease burden and improving long-term outcomes. Through sustained pol-
icy support, strengthened healthcare systems, and the gradual integration and adoption
of precision medicine approaches, Vietnam is well positioned to advance toward more
effective and comprehensive control of B-thalassemia in the coming decades.
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