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Thalassemia is an inherited blood disorder
with a worldwide prevalence of nearly
300,000 people diagnosed per year.! As the
most common hemoglobinopathy, itis a
major cause of disability and premature
mortality around the world. However, if the
disease is diagnosed correctly, treatment can
begin promptly, which can help prevent
permanent damage caused by excessive iron
build-up and provide patients with a better
quality of life.

The overall incidence of thalassemia has
decreased due to successful prevention
programs in areas of high prevalence.
However, migration and the resulting shifting
demographics have seen the disease
occurring in regions not previously endemic.?
The discovery of more variants makes it
challenging for clinicians and laboratories to
diagnose and manage appropriately. These
regions would benefit from a test that
provided comprehensive genetic profiling
with an efficient workflow. This whitepaper
details how next-generation sequencing
(NGS) can be used to help overcome these
challenges and provide fast and accurate
thalassemia diagnosis.

Thalassemia - a global health
challenge

Thalassemia is a blood disorder that affects
hemoglobin, the molecule responsible for
transporting oxygen. Normal adult
hemoglobin (HbA) consists of two a-globin
and two B-globin chains, with the genes for a-
globin located on chromosome 16 and B-
globin on chromosome 11.3 Mutations in the
globin genes can lead to faulty production or
absence of protein chains, resulting in
thalassemia. Alpha and beta thalassemia are
characterized by reduced or absent
production of alpha or beta globin chains,
which are essential hemoglobin components.
The clinical symptoms of these conditions can
vary widely depending on the severity of the
genetic mutation and the resultant impact on
hemoglobin production.

Alpha thalassemia

Mutations in the alpha globin genes cause
alpha thalassemia. The severity of the
condition depends on how many of the four
alpha-globin genes are affected.

The forms of alpha thalassemia and symptoms based on the number of globin genes affected

Number of Condition Symptoms

globin genes

affected

1 Silent carrier Typically, asymptomatic
Normal hemoglobin levels and red blood cell
indices

2 Alpha thalassemia trait Mild microcytic anemia
Often asymptomatic but may experience mild
anemia symptoms such as fatigue

3 Hemoglobin H disease Moderate to severe microcytic anemia
Fatigue, jaundice, splenomegaly, hepatomegaly
Bone deformities in the face and other parts of the
body due to marrow expansion

4 Alpha thalassemia major Severe, often fatal condition
Severe anemia, edema, heart failure, intrauterine
death
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Beta thalassemia

Beta thalassemia results from mutations in the beta globin genes, leading to reduced or absent
beta globin chain production. The severity depends on whether one or both genes are affected and

the nature of the mutations.

The forms of beta thalassemia and symptoms based on the number of globin genes affected

Number of Condition Symptoms

globin genes

affected

1 Beta thalassemia minor (carrier) - Mild microcytic anemia

- Often asymptomatic but may
experience mild anemia symptoms
such as fatigue

2 (less severe Beta thalassemia intermedia

mutations)

- Moderate anemia

- Fatigue, pallor, jaundice,
splenomegaly, bone deformities,
growth retardation in children, leg

ulcers
2 (more severe Beta thalassemia major - Severe anemia presenting in early
mutations) childhood

- Severe fatigue and weakness, pallor,
pronounced jaundice, splenomegaly
and hepatomegaly, bone deformities,
growth retardation and delayed
puberty, iron overload due to frequent
blood transfusions, complications
such as liver, heart, and endocrine
disorders

The economic cost

Aside from impacting quality of life,
thalassemia has a significant economic cost
across a lifetime of care.

A study in Israel estimated the cost of
50 years of treatment for beta
thalassemia was 1 971 380 USD.
However, the cost of preventing beta
thalassemia in a single newborn was
63 330 USD.4

In Greece, the estimated annual cost of
treating and managing a single patient
with beta thalassemia is

32564 EUR.>

A 2016 study from the UK estimated a
cost of 720 201 USD over 50 years of
treatment for beta thalassemia.®
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Shifting population patterns

Mediterranean countries have a long tradition
of thalassemia testing and prevention due to
the high prevalence of carriers. For example,
since starting in 1973, Cyprus' screening
policy has significantly reduced the number
of children born with the disease.? Areas of
Southeast Asia also have a high prevalence of
carriers, with the largest indigenous group of
Malaysia consisting of 33.6% alpha and
12.8% beta carriers.” Emigration from
countries with high thalassemia prevalence to
those with low prevalence is will have a
marked impact on the prevalence of the
disease.

One of the most poignant examples of
changing thalassemia patterns is hemoglobin
E-beta-thalassemia. HbE-beta thalassemia is a
very common hemoglobinopathy in
Southeast Asia, with an incidence
approaching 60%.8 Due to the high
prevalence of the condition, thalassemia
testing and preventive strategies are well-
established in the region.
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However, in recent years, HbE-beta
thalassemia has emerged thousands of miles
away from Southeast Asia. Due to increased
migration from Asia, beta thalassemia
prevalence is increasing in North America,
requiring the healthcare system to adapt.??

Therefore, adapting our systems to get the
proper tests and assessments is challenging.
From initial contact through laboratory to
management, thalassemia patients benefit
enormously from rapid and accurate
diagnosis. Understanding that patterns are
changing and preparing for that change is the
most critical step we can take to simplify our
workflows and improve outcomes.

We need more comprehensive
thalassemia testing

Thalassemia patients’ survival and quality of
life depend on accurate and timely testing.
Comprehensive genetic testing for alpha and
beta thalassemia can be long and arduous,
with various methods needed to reach a
clinical diagnosis.

Furthermore, clinical laboratories' workloads
are increasing. In the absence of
proportional staffing increases, workflow
efficiencies must be implemented. As
migration rises worldwide, so do genetic
diseases in previously non-endemic regions.
Variant analysis of thalassemia patients has
traditionally relied upon population data.
However, this method becomes less reliable
when the population changes significantly.

The state of testing

With over 1800 mutations already associated
with thalassemia and the emergence of new
variants constantly being discovered,
thalassemia testing is becoming more
complex.’® Technologies to determine
thalassemia variants are often multi-step,
complex, and require extensive staff training.
Different thalassemia analysis tests are
typically used for alpha and beta thalassemia.
MLPA, GAP-PCR, and Sanger sequencing are
three of the most popular
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methods used for thalassemia testing.
Performing GAP-PCR or Sanger sequencing
tests means that each variant must be tested
separately and compared to a thalassemia
database. Most laboratories have
complicated workflows and complex
analyses, resulting in long turnaround times.

GAP-PCR and Sanger sequencing have
several significant drawbacks that limit their
clinical utility in providing fast and efficient
patient diagnoses.

Disadvantages of GAP-PCR

- Limited detection scope: GAP-PCR is
designed to detect specific known
deletions or insertions. It cannot identify
other types of mutations, such as point
mutations, small indels, or complex
rearrangements.!

- Target specificity: Prior mutation
knowledge is required as GAP-PCR
targets specific regions. If the mutation is
unknown or rare, it may be missed by
GAP-PCR.™

- Lower throughput: GAP-PCR is generally
a low-throughput technique suitable for
analyzing only a few samples
simultaneously.'?

- Labor-intensive and time-consuming:
GAP-PCR involves multiple steps,
including designing primers specific to
the mutation, amplification, and
analysis."?

In recent years, HbE-beta
thalassemia has emerged
thousands of miles away
from its traditionally
endemic region,
Southeast Asia
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Disadvantages of Sanger
sequencing

Lower throughput: Sanger sequencing is
a low-throughput method typically used
for sequencing individual genes or small
regions of the genome. It is not practical
for sequencing large regions or whole
genomes."0

Limited multiplexing: Sanger sequencing
usually sequences one DNA fragment at a
time, limiting its ability to simultaneously
analyze multiple genes or regions.'?

High cost for large quantities: Sanger
sequencing is more expensive than other
methods, per base, for large-scale
testing.!’

Longer turnaround time for large-scale
projects: While Sanger sequencing is
accurate and reliable for small-scale
projects, the time required to sequence
and analyze larger genome regions is
long.!12

Difficulty detecting low-frequency
variants: Sanger sequencing is limited in
detecting low-frequency variants within a
sample.”
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NGS, the next step in
thalassemia testing

Next-generation sequencing offers several
significant advantages over traditional
methods like GAP-PCR and Sanger
sequencing for thalassemia testing:

Comprehensive mutation detection: NGS
can identify a wide range of mutations,
including point mutations, small
insertions and deletions, and large
deletions or duplications within the
globin genes. This comprehensive
approach is critical for accurately
diagnosing the various genetic mutations
associated with thalassemia, which often
include complex and compound
heterozygous mutations.™

Higher sensitivity and specificity: NGS
provides higher sensitivity and specificity
than traditional methods. This results in
more accurate detection of common and
rare mutations, reducing the likelihood of
false-negative or false-positive results.
This precision is particularly important for
conditions like thalassemia, where
accurate mutation characterization is
essential for diagnosis and treatment
planning.!4 15

Parallel processing: NGS allows for the
simultaneous analysis of multiple genes
and multiple patients in a single run. This
high-throughput capability significantly
reduces the time and cost associated with
genetic testing, making it more efficient
than the sequential nature of Sanger
sequencing and the limited scope of
GAP-PCR.1". 16

Detection of unanticipated variants:
Unlike targeted approaches such as GAP-
PCR, which only identify known
mutations, NGS can reveal unexpected or
novel variants. This ability to detect new
mutations expands our understanding of
the genetic basis of thalassemia and
improves diagnostic outcomes for
patients with atypical presentations.1? 13
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- Cost-effectiveness over time: Although
the initial setup for NGS can be
expensive, the per-sample cost decreases
as more samples are processed. In the
long run, NGS becomes more cost-
effective, especially when dealing with
large-scale screenings or complex
genetic conditions like thalassemia.”

Overall, NGS represents a powerful tool in the
genetic diagnosis of thalassemia, offering
detailed insights into the genetic landscape
of the disease, which can lead to better
patient management and personalized
treatment strategies.

Conclusion

The advancements in next-generation
sequencing present a transformative
approach to tackling the complexities of
thalassemia testing. Traditional testing
methods like GAP-PCR and Sanger
sequencing face sensitivity, specificity, and
throughput limitations. As migration patterns
alter the global demographic landscape,
traditional diagnostic NGS emerges as a
superior alternative, offering comprehensive
mutation detection, higher accuracy, and the
ability to process multiple genes and samples
simultaneously. Its capability to uncover novel
variants and its long-term cost-effectiveness
further enhance its value in modern
healthcare settings. By integrating NGS into
clinical practice, healthcare providers can
achieve rapid and precise diagnoses,
ultimately improving patient outcomes and
optimizing treatment strategies for
thalassemia across diverse populations. This
shift is crucial for adapting to the evolving
prevalence of thalassemia and ensuring
effective disease management in previously
non-endemic regions.
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