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Abstract
Thalassemia is a dreadful heritable hemolytic disease, characterized by a genetic 
mutation in the hemoglobin subunit beta (HBB) gene. Mutation in HBB gene 
completely halts the production of the beta-globin protein, which leads to the 
defective production of functional hemoglobin. The prevalence of this disease is 
reported only in some specific geographical regions of India. Hence, the aim of this 
study was to screen the population of Garhwal for beta-thalassemia (β-thalassemia) 
and thus find out the prevalence in the inhabitants through molecular characterization. 
For this study, 4,081 individuals were considered, out of which only the ones with 
elevated HbA2 levels (64) were subjected to molecular characterization. Mutational 
studies were carried out for the five most common mutations prevalent in the Indian 
subcontinent, that is, IVS 1-5 G-C, IVS 1-1 G-T, Codon 41/42 (-TCTT), Codon 8/9, and 
619  bp deletion. The present study reports a frequency of 0.5% for β-thalassemia 
mutations among the subjects we have studied. The analysis of mutation spectrum 
revealed highest prevalence for IVS-1-5 (G-C) (18.75%) followed by Codon 8/9 (12.5%) 
and IVS-1-1 (G-T) with 6.25%. Codon 41/42 (-TCTT) and 619 bp deletion were found 
to be absent in our study population.

Keywords: Beta-thalassemia; Molecular characterization; Mutation; Beta-globin gene; 
India

1. Introduction
Thalassemia is inherited, meaning that at least one of the parents must be a carrier of the 
disorder (Bajwa & Basit, 2022). It is caused by either a genetic mutation or a deletion of 
certain key gene fragments. Thalassemia patients have fewer than normal hemoglobin 
molecules. Red blood cells can carry oxygen because of hemoglobin. Anemia and fatigue 
are major symptoms of thalassemia, so patients of thalassemia in its severe variants 
may necessitate frequent blood transfusions. However, unlike thalassemia, in anemic 
condition, the body does not have enough normal and healthy red blood cells.

Thalassemia was originally thought to be the characteristic of tropics and subtropics 
but due to migration, it is now becoming a substantial global concern (De Sanctis 
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et al., 2017). Thalassemia is a group of inherited blood 
disorder transferred from parents to their offspring in 
an autosomal recessive manner. It is characterized by the 
abnormal production of hemoglobin. There are two forms 
of thalassemia: Alpha and beta. The beta-thalassemia 
(β-thalassemia) is characterized by the mutations in the 
beta-globin gene, which leads to reduced synthesis or 
absence of beta-globin chain and is responsible for causing 
β-thalassemia disorder in individuals from different 
ethnic groups. The DNA polymorphism in the β-globin 
gene shows a considerable amount of variability and 
form a series of patterns (i.e., haplotypes), which occur at 
varying frequencies among Asian Indians (Kazazian et al., 
1984). For the 1st time, the common seven mutations and 
their haplotypes in the Indians – Frameshift β 8-9 (+G), 
Nonsense Codon 15 (TGG-TAG), Frameshift β 41-42 
(-TCTT), Frameshift β 16 (-C), IVS-1-5 (G-C), 619  bp 
deletion, and 13 and 25 nucleotide deletion, at 3’ end of 
the gene were reported by Kazazian et al. team in the year 
1984. According to them, deletion of 619  bp was found 
to be a common mutation in the Asian Indians. Recent 
studies reveal that each year between 300,000 and 400,000 
babies is born with serious hemoglobin disorder in low- or 
middle-income countries, out of which 23,000 account 
alone for β-thalassemia major with about 90% of these 
births (De Sanctis et al., 2017).

The carrier frequencies of β-thalassemia vary in 
different parts of the world from 1 to 20% or they may 
be even higher in some cases (Black et al., 2010). In 
India alone, the numbers of β-thalassemia patients are 
approximately 30 million. About 10% of the total world 
thalassemic individuals are born in India every year 
(Bashyam et al., 2004). Certain communities in India, such 
as Sindhis (Colah et al., 2010), Guajarati’s (Bhukhanvala 
et al., 2013), Punjabis (Grow et al., 2014), and Bengalis (De 
et al., 1997), are commonly affected with β-thalassemia 
and the incidence varies from 1% to 17% (Gupta et al., 
2003). As far as in studies conducted in different parts 
of the world, more than 150 – 200 mutations causing 
β-thalassemia have been reported (Cao & Galanello, 
2010). While studies conducted in India have identified 
about 28 mutations in Indian populations (Old et al., 
2001), out of these 28 mutations, five to six mutations 
are found to be common. These include IVS 1-5 (G-C), 
619  bp deletion, IVS 1-1 (G-T), Frameshift 8/9, 41/42, 
and Codon 15 (Bandyopadhyay et al., 2004). The type of 
mutation varies across different ethnic groups (Bashyam 
et al., 2004). The frequency of mutations in carriers varies 
from region to region with the predominant mutation 
being IVS 1-5 (G-C) (Agarwal et al., 2000), which 
reflects the ethnic and genetic diversity of populations. 
The heterogeneous populations belonging to the Indian 

subcontinent have been widely studied (Grow et al., 2014), 
by various researchers in Pakistan (Usman et al., 2009), 
Sindh (Jawahirani et al., 2007), Punjab (Garewal & Das, 
2003), Gujarat (Bhukhanvala et al., 2013), Tamil Nadu 
(Colah et al., 2009), Maharashtra (Ambekar et al., 2001), 
and Kerala (Edison et al., 2008). However, baseline data on 
thalassemia were completely unavailable in the populations 
of Garhwal region. Since the Garhwal Himalayan region 
is still unexplored due to the unpredictable climatic and 
weather conditions, the remoteness and location of 
the place make the research unfeasible in such an area. 
Individuals are limited to their daily needs and there is a 
lack of knowledge and education among the public in the 
Himalayan region. Therefore, considering the severity and 
the importance of the disorder in affecting people’s health 
and well-being, there is a great need to carry out such 
studies in the population of this area.

2. Materials and methods
The present research was carried out on 4,081  (2,956 
females and 1,125 males) unrelated individuals, from June 
2016 until August 2019. The participants constituting 
the study were 0 – 60  years of age and had no chronic 
illness or history of infection. The ethical clearance for the 
present research was obtained by the Institutional Ethical 
Committee (I.E.C.) of H.N.B. Garhwal University before 
the commencement of the study.

Demographic information such as age, sex, marital 
status, occupation, prior history of infection, or chronic 
illness or surgery were obtained directly through face-to-
face interview. Only after a written consent was obtained 
from the individuals, further study was carried out on the 
willingly participating ones.

Blood samples (whole blood) for the present study 
was collected from the district hospitals, public health 
centers, villages, schools, and local people residing in the 
five major districts of Garhwal region, including Chamoli, 
Pauri, Rudraprayag, Tehri, and Uttarkashi. A total of 5 ml 
of blood were collected from each sampled individual. The 
blood samples were collected in Vacutainer containing 
ethylenediaminetetraacetic acid as anticoagulant. 
Twenty microliters of anticoagulated blood were utilized 
for hemoglobin analysis. NESTROFT test (Naked Eye 
Single Tube Red Cell Osmotic Fragility Test) was done 
using 10 μl of blood, following the protocol described 
by Thomas et al. (1996). Approximately 2  ml blood was 
utilized for HbA2 analysis using high-performance liquid 
chromatography – HPLC (Variant BioRad 2).

Out of total 4,081 blood samples analyzed for 
hemoglobin and NESTROFT, only 648 individuals were 
found NESTROFT positive. Further screening for HbA2 
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was done for all 648 individuals. Molecular investigation 
was done only for 64 individuals out of the total 648 
screened for HbA2, as their HbA2 levels were more than 
3.5%. The cutoff level of more than 3.5% of HbA2 is 
considered as the gold standard for β-thalassemia trait (Ou 
et al., 2011). All these 64 individuals were, thus, subjected 
to the detection of mutation through the amplification-
refractory mutation system-polymerase chain reaction 
(ARMS-PCR), which is a simple method for detecting 
any mutation involving single base changes or small 
deletions. ARMS is based on the use of sequence-specific 
PCR primers that allow an amplification of test DNA 
only when the target allele is contained within the sample 
(Little, 2001). Molecular analysis for the blood samples was 
carried out at the Central Molecular Research Laboratory 
of SGRRIHMHS, Dehradun, India. Genomic DNA from 
the blood samples was extracted using QIAamp DNA 
Blood Mini Kit (Qiagen, Valencia, CA, USA).

The amplification of the targeted sequences of the 
extracted DNA was carried out through ARMS-PCR 
technique. The five most common mutations prevalent 
in India, that is, IVS 1-5 G-C, IVS 1-1 G-T, Codon 41/42 
(-TCTT), Codon 8/9, and 619 bp deletion were considered 
for detecting mutations. The PCR reaction was carried 
out with initial denaturation at 94°C for 5 min, followed 
by 30  cycles of denaturation at 94°C for 1  min, 1  min 
annealing at 60°C, extension at 72°C for further 1 min, and 
final extension for 5 min at 72°C. After PCR reaction, the 
products of PCR are obtained in the form of amplicons. To 
analyze the PCR products, 10 μl of amplicon was loaded 
on 1.5% agarose gel along with 1 μL of 6X DNA loading 
dye (ML015). In a separate well 3 μL of 50 bp DNA ladder 
(MBT084) was loaded as marker. The gel was then allowed 
to run for about 15 – 20 min at 125 volts and the results 
were recorded in Gel Documentation System.

3. Results
The distribution of the five mutations, that is, IVS 1-5 G-C, 
IVS 1-1 G-T, Codon 41/42 (-TCTT), Codon 8/9, and 619 bp 
deletion, among the 64 individuals was studied using ARMS-
PCR. The most frequent mutation was IVS 1-5 (G-C), which 
was present in 12 study subjects, accounting for 18.75% of 
the study subjects. While Codon 8/9 was found in 12.5% of 
individuals, IVS 1-1 (G-T) was found to be present in 6.25% 
of the study population. On the other hand, 619 bp deletion 
and Codon 41/42 (-TCTT) mutations were absent in our 
studied population. The allelic frequency for all the three 
mutations, IVS 1-5 (G-C), IVS 1-1 (G-T), and Codon 8/9, 
was found to be same at 0.99. The distribution frequency 
of the five investigated β-thalassemia mutations is shown 
in Tables 1-4 according to the four major zones of India in 

comparison with the previous reports on β-thalassemia in 
different regions of India.

4. Discussion
Numerous studies on thalassemia have been carried out 
throughout the globe. India, being a part of the thalassemic 
belt, faces various problems, such as unawareness, lack 
of finance, resources, and social stigma for pre-marital 
screening (Mohanty et al., 2013; Verma et al., 1997). Despite 
the enormous amount of research and rapid developments 
seen during the past decade, it still continues to be a national 
concern. According to the World Health Organization 
(WHO), the total thalassemic reported in India alone 
accounts for 80 – 90% and is a common hemoglobinopathy 
(Haritha et al., 2012). β-thalassemia is considered to be the 
cause of morbidity and mortality along with the source of 
economic burden to the community (Piplani et al., 2013). 
As per the WHO (WHO, 2001) records, β-thalassemia 
is a common hemoglobinopathy in India, and therefore, 
numerous studies have been carried out for Indian 
population for the distribution of thalassemia mutation. 
Since India represents an extremely heterogeneous 
population with numerous tribal pockets, diverse racial 
origin, and high inbred diseases frequency among certain 
communities, the prevalence rate of thalassemia is very 
high for some particular communities. There are diverse 
ethnicities residing in different parts of the Himalayan 
belt. A study carried out in western part of India, conveyed 
22.7% thalassemia carrier women diagnosed with anemia 
(Mulchandani et al., 2008).

Molecular confirmation was done to ascertain authentic 
reporting. In different local communities of India, the 
reported range for the five most common β-thalassemia 
mutations was between 0.3% and 17% (Agarwal & Mehta, 
1982; Weatherall & Clegg, 2001a; 2001b; WHO, 2008). 
The present research reported a frequency of 0.5% for 
β-thalassemia mutations, which is within the range 
described for the Indian population. The analysis of 
mutation spectrum revealed the highest prevalence for 
IVS1-5 (G-C) (18.75%) followed by Codon 8/9  (12.5%) 
and IVS 1-1 (G-T) (6.25%). The frequency of mutation 
was compared with the other reported mutations of Indian 
population (Tables 1-4). Colah et al. (2009) discovered IVS 
1-5 (G-C) as a pre-dominant mutation throughout India, 
with 44.8% prevalence in the north and 71.4% in the east. 
This pre-dominancy is in unison with our study where the 
frequency of mutation was found to be 18.75% for IVS 1-5 
(G-C).

In contrast to our study, a higher frequency (88.6%) 
of IVS I-5 (G-C) was reported in Orissa, 78.8% in 
Andhra  Pradesh, and 77.2% in West Bengal (Colah 
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et al., 2009). The previous studies showed that Codon 
8/9 had a higher prevalence of 37.2% in immigrants from 
Pakistan followed by 23.5% in Chhattisgarh population 
(Colah et al., 2009), whereas in our study, it was found 
only 12.5%. Codon 41/42 (-TCTT) was found to be higher 
(17.50%) in East Indian population in the previous studies 
(Kukreti et al., 2002) and was also reported in Punjab and 

Haryana (13.5%) (Colah et al., 2009), but for our study, the 
frequency of this mutation was nil. A study carried out in 
Himachal Pradesh/Jammu Kashmir region by Colah et al. 
(2009), reported 37.5% IVS 1-1 (G-T) mutation. The very 
same mutation is found to be the second highest among the 
Punjabi Hindu population of Gujarat (34.7%) followed by 
Lohanas of Gujarat (31.2%) (Vaz et al., 2022). The previous 

Table 1. Distribution of five most common mutations for beta‑thalassemia among the eastern zone of Indian population

State Sample 
size

619 bp 
deletion

Co 8/9 
(+G)

Co 41/42 
(‑CTT)

IVS‑1nt 5 
(G‑C)

IVS‑1nt 1 
(G‑T)

References

West Bengal 2,456 1.0 0 4.0 77.2 4.0 Colah et al. (2009)

11 45.450 0 0 0 0 Bashyam et al. (2004)

East India 80 0 0 17.50 28.75 0 Kukreti et al. (2003)

Bihar 2,456 0 0 15.0 70.0 0 Colah et al. (2009)

Jharkhand 2,456 0 0 0 75.0 0 Colah et al. (2009)

Orissa 2,456 1.2 0 2.6 88.6 0 Colah et al. (2009)

276 0 0.38 0 4.59 0.38 Sahoo et al. (2014)

Bihar, Chhattisgarh, and 
Jharkhand

1,642 0 3.6 5.4 51.8 0 Nagar et al. (2014)

Table 2. Distribution of five most common mutations for beta‑thalassemia among the western zone of Indian population

State Sample 
size

619 bp 
deletion

Co 8/9 
(+G)

Co 
41/42

(‑CTT)

IVS‑1nt 5 
(G‑C)

IVS‑1nt 
1 (G‑T)

References

Maharashtra 2,456 1.7 1.7 2.0 66.5 0.7 Colah et al. (2009)

126 2.38 6.34 3.96 65.07 9.52 Satpute et al. (2012)

Gujarat 2,456 6.5 12.6 6.9 48.6 5.0 Colah et al. (2009)

Gujarat (Sindhi) 1,233 49.2 0 0 0 25.5 Vaz et al. (2000)

Gujarat (Lohanas) 1,233 0 0 0 0 31.2 Vaz et al. (2000)

Gujarat (Punjabis) 1,233 0 0 0 0 34.7 Vaz et al. (2000)

Goa 2,456 0 0 0 15.4 0 Colah et al. (2009)

Rajasthan 2,456 1.1 2.3 9.9 72.4 3.3. Colah et al. (2009)

Madhya Pradesh 2,456 10.6 19.9 5.7 36.9 11.3 Colah et al. (2009)

Chhattisgarh 2,456 23.5 23.5 0 35.3 5.9 Colah et al. (2009)

East-west population

Rajasthan, Maharashtra, Assam, and West Bengal 75 13.23 0 0 0 0 Shah et al. (2017)

Table 3. Distribution of five most common mutations for beta‑thalassemia among the southern zone of Indian population

State Sample 
size

619 bp 
deletion

Co 8/9 
(+G)

Co 41/42
(‑CTT)

IVS‑1nt 5 
(G‑C)

IVS‑1nt 1 
(G‑T)

References

Andhra Pradesh 2,456 0 0 0 78.8 0 Colah et al. (2009)

39 0 0 0 76.92 0 Bashyam et al. (2004)

Karnataka 2,456 0 0.8 0.8 67.2 1.6 Colah et al. (2009)

28 0 0 0 64.28 3.57 Bashyam et al. (2004)

Kerala and Tamil Nadu 2,456 0 0 6.31 56.3 0 Colah et al. (2009)
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studies (Baig et al., 2006) reported a high frequency of 
37.3% for IVS 1-1 (G-T) mutation in Punjabi population 
residing in Pakistan. On the contrary, our study exhibited 
only 6.25% of the screened population having IVS 1-1 
(G-T) mutation. In our study, Co 41/42 (-CTT) and 619 bp 
deletion were completely absent.

Of the total 64 individuals who were screened for 
mutational spectrum, mutations were found only in 24 
individuals and the remaining 40 individuals did not 
reveal the presence of any of these five common mutations. 
The remaining 40 individuals may possess a novel 
mutation or can only be carrier. The confirmation of novel 
mutation can be done through DNA sequencing. However, 
DNA sequencing for the study presented could not be 
carried out due to economic constraint and limitation of 
resources. Furthermore, only 64 individuals out of the total 
648 screened for HbA2. The small sample size may suffer 
from some biases in our findings and thus the cautions are 
needed in interpreting our findings.

Despite some limitations, our study could have 
important implications. There are various programs 
implemented by the state governments and non-
governmental organizations (NGOs) around the world, 
including India, for the awareness of thalassemia and also 
about its fatal effects. However, nothing has been done to 
make the population of Garhwal aware of this disorder. 
In the developing country like India, thalassemia is not 

rare, and our nation is not an exception. In Pakistan, a 
bill is passed by the government where it is mandatory 
to carry out carrier testing for relatives of thalassemia 
patients. A similar system of bill is also placed in Dubai, 
Saudi Arabia, and Abu Dhabi where the frequency of beta-
thalassemia is 19% (Cao & Kan, 2013). All these together 
with our findings signal the importance of initiatives and 
implementations of some targeted intervention programs 
in our study areas.

Furthermore, some caveats are noteworthy. 
Consanguineous marriage causes clustering of the 
mutations among some of the communities and, therefore, 
should be avoided. Clinical management, genetic 
counseling, and prenatal diagnostic techniques should be 
made available to the individual level. Awareness programs 
regarding anemia and thalassemia must be implemented 
for the general public through media and other modes, 
to make the public aware about this deadly disorder. As, 
the burden of thalassemia can be reduced at community 
and country level only through awareness, screening, 
and prevention strategies in conjunction with each other 
(Kumar et al., 2015).

5. Conclusions
It is the first study to report and provide baseline data on the 
prevalence of β-thalassemia among the studied population 
of Garhwal, India. This research exhibited prevalence rate 

Table 4. Distribution of five most common mutations for beta‑thalassemia among the northern zone of Indian population as well 
as Garhwal population

State Sample 
size

619 bp 
deletion

Co 8/9 
(+G)

Co 41/42
(‑CTT)

IVS‑1nt 5 
(G‑C)

IVS‑1nt 
1 (G‑T)

References

Punjab, Haryana, and Uttar Pradesh 1,050 21 12.1 8.7 34.1 15.8 Verma et al. (1997)

Delhi 46 34.8 13 9.8 22.8 19.6 Madan et al. (1998)

Uttar Pradesh 376 2.5 0 0 64.3 0 Agarwal S et al., 2000

98 12.5 5.20 6.25 54.0 3.12 Agarwal S et al., 2003

48 0 21 4 46 12 Christopher AF et al., 2013

Uttar Pradesh 2,456 0.8 1.6 9.6 64.8 5.6 Colah et al. (2009)

Jammu, Kashmir, and Himachal 
Pradesh

2,456 0 0 0 50.0 37.5 Colah et al. (2009)

Punjab 780 18.7 14.8 15.3 31.8 12.8 Garewal & Das., 2003

997 22.47 16.35 10.83 24.97 14.44 Black et al. (2010)

Punjab and Haryana 2,089 9.6 7.7 13.5 28.8 17.3 Panigrahi & Marwaha (2007)

Chandigarh (Sindhi) 87/1233 0 0 0 25.5 0 Panigrahi & Marwaha (2007)

Chandigarh (Punjabi) 87/1233 0 0 0 34.7 0 Panigrahi & Marwaha (2007)

Chandigarh (Lohanas) 87/1233 0 0 0 31.2 0 Panigrahi & Marwaha (2007)

Other North Indian States 62 94.1 0 0 0 0 Chakrabarti et al. (2005)

Uttarakhand

Garhwal (Uttarakhand) 4,081 0 12.5 0 18.75 6.25 Present study
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of 1.5% for beta-thalassemia trait (BTT) on the basis of 
elevated level of HbA2 of ≥3.5%. The present study reported 
a frequency of 0.5% for β-thalassemia mutations. The 
analysis of mutation spectrum revealed highest prevalence 
for IVS 1-5 (G-C) (18.75%) followed by Codon 8/9 (12.5%) 
and IVS 1-1 (G-T) with 6.25%, whereas Codon 41/42 
(-TCTT) and 619 bp deletion were found to be absent.

The present research is a preliminary attempt to record 
the prevalence rates of thalassemia, prior for Himalayan 
region of Uttarakhand. The study suggests that emphasis 
should be laid down on the implementation of population 
screening programs to reveal the exact number of 
individuals carrying the gene for BTT and having anemia. 
The information provided in this research can be used for 
planning population-based mutation screening strategy 
along with pre-marital screening.

Acknowledgments
We are grateful to the Department of Biotechnology, 
HNB Garhwal University, Srinagar Garhwal, 
Uttarakhand  -  246  174 (India), mentorship facilities to 
carry out the studies. We would also like to thank the 
participants who formed the basis of our studies.

Funding
None.

Conflict of interest 
The authors have no conflicts of interest to declare.

Author contributions
Conceptualization: Aprajita Santosh Mishra
Formal analysis: Aprajita Santosh Mishra
Investigating: Aprajita Santosh Mishra, Pramesh Chandra, 

and Priyanka Negi
Methodology: Pramesh Chandra Lakhera
Writing – original draft: Aprajita Santosh Mishra, Pramesh 

Chandra Lakhera, Priyanka Negi, and Anjita Pandey
Writing – review & editing: Aprajita Santosh Mishra, 

Pramesh Chandra Lakhera, Priyanka Negi, and Anjita 
Pandey

Ethics approval and consent to participate
The ethical clearance for the present research was obtained 
by the Institutional Ethical Committee (I.E.C.) of H.N.B. 
Garhwal University (2016/01). Written consents were 
obtained from all the participants.

Consent for publication
Not applicable.

Availability of data
The datasets used and/or analyzed during the present study 
are available from the corresponding author on reasonable 
request.

References
Agarwal MB & Mehta BC. (1982). Symptomatic beta thalassemia 

trait (A study of 143 cases. Journal of Postgraduate Medicine, 
28(1):4-8.

Agarwal S, Gupta A, Gupta UR, et al. (2003). Prenatal diagnosis 
in beta-thalassemia: An Indian experience. Fetal Diagnosis 
and Therapy, 18(5):328-332. 

 https://doi.org/10.1159/000071975

Agarwal S, Pradhan M, Gupta UR, et al. (2000). Geographic and 
ethnic distribution of beta-thalassemia mutations in Uttar 
Pradesh, India. Hemoglobin, 24(2):89-97. 

 https://doi.org/10.3109/03630260009003427

Ambekar SS, Phadke MA, Mokashi GD, et al. (2001). Pattern 
of hemoglobinopathies in Western Maharashtra. Indian 
Pediatrics, 38(5):530-534.

Baig SM, Azhar A, Hassan H, et al. (2006). Prenatal diagnosis 
of beta-thalassemia in Southern Punjab, Pakistan. Prenatal 
Diagnosis, 26(10):903-905. 

 https://doi.org/10.1002/pd.1523

Bajwa H & Basit H. (2022). Thalassemia. In: StatPearls. United 
States: StatPearls Publishing.

Bandyopadhyay A, Bandyopadhyay S, Basak J, et al. (2004). 
Profile of beta-thalassemia in eastern India and its prenatal 
diagnosis. Prenatal Diagnosis, 24(12):992-996. 

 https://doi.org/10.1002/pd.1049

Bashyam MD, Bashyam L, Savithri GR, et al. (2004). Molecular 
genetic analyses of beta-thalassemia in South India reveals 
rare mutations in the beta-globin gene. Journal of Human 
Genetics, 49(8):408-413. 

 https://doi.org/10.1007/s10038-004-0169-9

Bhukhanvala DS, Italia K, Sawant P, et al. (2013). Molecular 
characterization of β-thalassemia in four communities in 
South Gujarat--codon 30 (G → A) a predominant mutation 
in the Kachhiya Patel community. Annals of Hematology, 
92(11):1473-1476. 

 https://doi.org/10.1007/s00277-013-1777-2

Black ML, Sinha S, Agarwal S, et al. (2010). A descriptive profile 
of β-thalassaemia mutations in India, Pakistan and Sri 
Lanka. Journal of Community Genetics, 1(3):149-157. 

 https://doi.org/10.1007/s12687-010-0026-9

Cao A & Galanello R. (2010). Beta-thalassemia. Genetics in 
Medicine, 12(2):61-76. 

 https://doi.org/10.1097/GIM.0b013e3181cd68ed

https://doi.org/10.36922/ijps.v8i2.324


Volume 8 Issue 2 (2022) 77 https://doi.org/10.36922/ijps.v8i2.324 

β-thalassemia mutations in Himalayan population

International Journal of 
Population Studies

Cao A & Kan YW. (2013). The prevention of thalassemia. Cold 
Spring Harbor Perspectives in Medicine, 3(2):a011775. 

 https://doi.org/10.1101/cshperspect.a011775

Chakrabarti P, Gupta R, Mishra A, et al. (2005). Spectrum 
of beta-thalassemia mutations in North Indian states: 
A beta-thalassemia trait with two mutations in cis. Clinical 
Biochemistry, 38(6):576-578. 

 https://doi.org/10.1016/j.clinbiochem.2005.03.002

Christopher AF, Kumari A, Chaudhary S, et al. (2013). Unique 
pattern of mutations in β-thalassemia patients in Western 
Uttar Pradesh. Indian Journal of Human Genetics, 
19(2):207-212. 

 https://doi.org/10.4103/0971-6866.116119

Colah R, Gorakshakar A, Nadkarni A, et al. (2009). Regional 
heterogeneity of beta-thalassemia mutations in the multi 
ethnic Indian population. Blood Cells Molecules and 
Diseases, 42(3):241-246. 

 https://doi.org/10.1016/j.bcmd.2008.12.006

Colah R, Gorakshakar A, Phanasgaonkar S, et al. (2010). 
Epidemiology of beta-thalassaemia in Western India: 
Mapping the frequencies and mutations in sub-regions of 
Maharashtra and Gujarat. British Journal of Haematology, 
149(5):739-747. 

 https://doi.org/10.1111/j.1365-2141.2010.08131

De M, Das SK, Bhattacharya DK, et al. (1997). The occurrence 
of beta-thalassemia mutation and its interaction with 
hemoglobin E in the Eastern India. International Journal of 
Hematology, 66(1):31-34. 

 https://doi.org/10.1016/s0925-5710(97)00585-9

De Sanctis V, Kattamis C, Canatan D, et al. (2017). β-Thalassemia 
Distribution in the old world: An ancient disease seen from a 
historical standpoint. Mediterranean Journal of Hematology 
and Infectious Diseases, 9(1):e2017018. 

 https://doi.org/10.4084/MJHID.2017.018

Edison ES, Shaji RV, Devi SG, et al. (2008). Analysis of beta 
globin mutations in the Indian population: Presence of rare 
and novel mutations and region-wise heterogeneity. Clinical 
Genetics, 73(4):331-337. 

 https://doi.org/10.1111/j.1399-0004.2008.00973.x

Garewal G & Das R. (2003). Spectrum of β-thalassemia mutations 
in Punjabis. International Journal of Human Genetics, 
3(4):217-219. 

 https://doi.org/10.1080/09723757.2003.11885855

Grow K, Vashist M, Abrol P, et al. (2014). Beta thalassemia in 
India: Current status and the challenges ahead. International 
Journal of Pharmacy and Pharmaceutical Sciences, 
6(4):28-33.

Gupta A, Hattori Y, Gupta UR, et al. (2003). Molecular genetic 

testing of beta-thalassemia patients of Indian origin and a 
novel 8-bp deletion mutation at codons 36/37/38/39. Genetic 
Testing, 7(2):163-168. 

 https://doi.org/10.1089/109065703322146894

Haritha P, Lakshmi V, Veerraju P, et al. (2012). Prevalence of 
haemoglobinopathies among the Konda Kammaras of 
Vishakhapatnam district, Andhra  Pradesh. Journal of 
Pharmaceutical and Biological Sciences, 2(4):6-8.

Jawahirani A, Mamtani M, Das K, et al. (2007). Prevalence of 
beta-thalassaemia in subcastes of Indian Sindhis: Results 
from a two-phase survey. Public Health, 121(3):193-198. 

 https://doi.org/10.1016/j.puhe.2006.10.017

Kazazian HH Jr., Orkin SH, Antonarakis SE, et al. (1984). Molecular 
characterization of seven beta-thalassemia mutations in 
Asian Indians. The EMBO Journal, 3(3):593-596. 

 https://doi.org/10.1002/j.1460-2075.1984.tb01853.x

Kukreti R, Dash D, Vineetha KE, et al. (2002). Spectrum of beta-
thalassemia mutations and their association with allelic 
sequence polymorphisms at the beta-globin gene cluster 
in an Eastern Indian population. American Journal of 
Hematology, 70(4):269-277. 

 https://doi.org/10.1002/ajh.10117

Kumar R, Arya V, Agarwal S. (2015). Profiling β Thalassemia 
mutations in consanguinity and nonconsanguinity for 
prenatal screening and awareness programme. Advances in 
Hematology, 2015:625721.

 https://doi.org/10.1155/2015/625721

Little S. (2001). Amplification-refractory mutation system 
(ARMS) analysis of point mutations. Current Protocols in 
Human Genetics, Chapter 9:Unit 9.8. 

 https://doi.org/10.1002/0471142905.hg0908s07

Madan N, Sikka M, Sharma S, et al. (1998). Phenotypic expression 
of hemoglobin A2 in beta-thalassemia trait with iron 
deficiency. Annals of Hematology, 77(3):93-96. 

 https://doi.org/10.1007/s002770050421

Mohanty D, Colah RB, Gorakshakar AC, et al. (2013). Prevalence 
of β-thalassemia and other haemoglobinopathies in six 
cities in India: A multicentre study. Journal of Community 
Genetics, 4(1):33-42. 

 https://doi.org/10.1007/s12687-012-0114-0

Mulchandani DV, Fulare MB, Zodpey SP, et al. (2008). Prevalence 
and some epidemiological factors of beta thalassaemia trait 
in Sindhi community of Nagpur city, India. Indian Journal of 
Public Health, 52(1):11-15.

Nagar R, Sinha S & Raman R. (2015). Haemoglobinopathies in 
eastern Indian states: A demographic evaluation. Journal of 
Community Genetics, 6(1):1-8. 

 https://doi.org/10.1007/s12687-014-0195-z

https://doi.org/10.36922/ijps.v8i2.324
https://doi.org/10.1101/cshperspect.a011775
https://doi.org/10.1016/s0925-5710(97)00585-9


Volume 8 Issue 2 (2022) 78 https://doi.org/10.36922/ijps.v8i2.324 

β-thalassemia mutations in Himalayan population

International Journal of 
Population Studies

Old JM, Khan SN, Verma I, et al. (2001). A multi-center study in 
order to further define the molecular basis of beta-thalassemia 
in Thailand, Pakistan, Sri Lanka, Mauritius, Syria, and India, 
and to develop a simple molecular diagnostic strategy by 
amplification refractory mutation system-polymerase chain 
reaction. Hemoglobin, 25(4):397-407. 

 https://doi.org/10.1081/hem-100107877

Ou Z, Li Q, Liu W, et al. (2011). Elevated hemoglobin A2 as a 
marker for β-thalassemia trait in pregnant women. The 
Tohoku Journal of Experimental Medicine, 223(3):223-226. 

 https://doi.org/10.1620/tjem.223.223

Panigrahi I & Marwaha RK. (2007). Mutational spectrum of 
thalassemias in India. Indian Journal of Human Genetics, 
13(1):36-37. doi:10.4103/0971-6866.32034

Piplani S, Manan R, Lalit M, et al. (2013). NESTROFT-A valuable, 
cost effective screening test for beta thalassemia trait in 
North Indian Punjabi population. Journal of Clinical and 
Diagnostic Research, 7(12):2784-2687. 

 https://doi.org/10.7860/JCDR/2013/6834.3759

Sahoo SS, Biswal S, & Dixit M. (2014). Distinctive mutation 
spectrum of the HBB gene in an urban Eastern Indian 
population. Hemoglobin, 38(1):33-38. 

 https://doi.org/10.3109/03630269.2013.837394

Satpute SB, Bankar MP, & Momin AA. (2012). The prevalence 
of β-thalassemia mutations in South Western Maharashtra. 
Indian Journal of Clinical Biochemistry, 27(4):389-393. 

 https://doi.org/10.1007/s12291-012-0230-y

Shah PS, Shah ND, Ray HS, et al. (2017). Mutation analysis of 
β-thalassemia in East-Western Indian population: A recent 
molecular approach. The Application of Clinical Genetics, 
10:27-35. 

 https://doi.org/10.2147/TACG.S127531

Thomas S, Srivastava A, Jeyaseelan L, et al. (1996). NESTROFT 

as a screening test for the detection of thalassaemia and 
common haemoglobinopathies-An evaluation against a 
high performance liquid chromatographic method. Indian 
Journal of Medical Research, 104:194-197.

Usman M, Moinuddin M, GhaniR, et al. (2009). Screening of 
five common beta thalassemia mutations in the Pakistani 
population: A  basis for prenatal diagnosis. Sultan Qaboos 
University Medical Journal, 9(3):305-310.

Vaz FE, Thakur CB, Banerjee MK, et al. (2000). Distribution 
of beta-thalassemia mutations in the Indian population 
referred to a diagnostic center. Hemoglobin, 24(3):181-194. 

 https://doi.org/10.3109/03630260008997526

Verma IC, Saxena R, Thomas E, et al. (1997). Regional distribution 
of beta-thalassemia mutations in India. Human Genetics, 
100(1):109-113. 

 https://doi.org/10.1007/s004390050475

Weatherall D & Clegg J. (2001b). The Thalassaemia Syndromes. 
Hoboken: Blackwell Science Ltd., 

 https://doi.org/10.1002/9780470696705

Weatherall DJ & Clegg JB. (2001a). Inherited haemoglobin 
disorders: An increasing global health problem. Bulletin of 
the World Health Organization, 79(8):704-712.

World Health Organization, UNICEF, UNU. Iron deficiency 
Anaemia: Assessment, Prevention and Control, a Guide for 
Programme Managers. Geneva, World Health Organization, 
2001. Available from: https://www.who.int/publications/m/
item/iron-children-6to23--archived-iron-deficiency-
anaemia-assessment-prevention-and-control [Last accessed 
on 2022 Nov 30].

World Health Organization. (2008). Worldwide Prevalence of 
Anaemia 1993-2005: WHO Global Database on Anaemia. 
Geneva: World Health Organization. Available from: https://
www.apps.who.int/iris/handle/10665/43894 [Last accessed 
on 2022 Nov 30].

https://doi.org/10.36922/ijps.v8i2.324

