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Abstract

Background: Hemoglobinopathies are among the most prevalent genetic disorders worldwide, with high
phenotypic heterogeneity. The northeastern region of India shows a predominance of hemoglobin E and (HbE)-
related variants.

Methods: This prospective cross-sectional study was conducted at a tertiary care centre in N E India. Seventy
patients aged over six months and diagnosed with hemoglobinopathy were included. Detailed demographic data,
clinical features, hematological parameters, HPLC results, serum ferritin levels analysed. Genetic mutation
profiles were analysed in twenty-five of these patients. Transfusion dependency and phenotypic outcomes were
also studied.

Results: HbE-related disorders were the most common, seen in 65.7% of cases. HbE/B-thalassemia accounted
for 44.2%, followed by beta-thalassemia major (17.1%) and sickle cell disease (5.7%). Nearly 48.5% of the
patients were transfusion-dependent. Poorly transfused individuals had significantly higher serum ferritin,
hepatosplenomegaly, short stature, delayed puberty, and endocrinopathies. Among genetically analyzed cases,
the most frequent mutations were ¢.79G>A (HbE variant) and 1VS1-5(G>C) (B-thalassemia), with compound
heterozygosity often predicting a severe phenotype.

Conclusion: HbE/B-thalassemia is the predominant hemoglobinopathy in Assam with diverse clinical
presentations. Transfusion status and chelation significantly influence growth and endocrine health. Mutation
profiling enhances understanding of disease severity and can guide individualized care. Population-based studies
are warranted to further characterize the regional mutation spectrum and phenotypic variability.

Keywords: Hemoglobinopathies-HbE/B-thalassemia-Transfusion dependence-Genetic mutations-Northeast
India.
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Introduction

Hemoglobinopathies are the most common Abnormalities of Hb involve thalassemia and Hb

genetically inherited disorders. The World Health
Organization (WHO) estimate that 5% of world’s
population are carriers for the genetic hemoglobin
(Hb) disorders.

In India, the prevalence of hemoglobinopathies is
around 4.2%.[1] The incidence of
hemoglobinopathies also differs in different parts
of India. In Orissa [2] HbS is very common
whereas in Northeast and East India, the
commonest hemoglobinopathy seen is HbE. [3,4]
Hb D-Punjab occurs with greatest prevalence (2%)
in Sikhs in Punjab.[5] The ICMR study showed
that HbE was mainly seen in Assam (23.9%) and
Kolkata in West Bengal (3.92%).[6]
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variants which are due to abnormal globin chain
synthesis. Thalassemia is characterized by reduced
synthesis of normal Hb due to absence or decrease
in the synthesis of one or more types of globin
polypeptide chains. These disorders result from
both the underproduction of Hb and imbalanced
globin chain synthesis, leading to a shortened red
cell survival rate.

The two principal types of thalassemia are alpha (o)
and beta-thalassemia. They arise due to the reduced
rate of synthesis of the corresponding a-chain and
B-chain. The prevalence of beta-thalassemia trait
and sickle cell in various parts of India is around
3%-17% and 1% 44%, respectively, because of
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consanguinity, caste, and area endogamy. HbE-f
thalassemia and sickle-cell anaemia are also
common Hb disorders, which are prevalent in many
parts of India. [5-8]

The clinical spectrum of these disorders varies
from asymptomatic conditions (beta-thalassemia
minor) to serious disorders such as thalassemia
major that require regularblood transfusions and
extensive medical care. Patients may present with
generalized weakness, skeletal deformities,
abnormal facies, growth retardation.[9]

Transfusion dependent thalassemia patients are at
risk for significant iron overload and deposition of
iron in liver, myocardium and other organs leading
to cirrhosis, liver  fibrosis,  myocarditis,
cardiomyopathy, arrhythmias, growth retardation
and other serious manifestations. Early initiation of
iron chelation therapy is essential to prevent iron
overload and toxicity. In some cases, splenectomy
can reduce the symptoms and lead to a better
overall survival. [9,10]

Aims and Objectives: The primary objective of
this study was to study the demographic
characteristics of the study population with
phenotypic expression of all haemoglobinopathies
and its corelation with genotype. The secondary
objective was to study underlying nutritional
deficiency and magnitude of transfusion
dependency.

Materials and Methods

This Prospective Hospital based Cross sectional
study was conducted in Department of Clinical
Haematology, Gauhati Medical College, Assam in
a period of one year.

Sample size: Total 70 patients were chosen based
on the inclusion and the exclusion criteria.

Method of collection of data

Interviewing patients and the attendants and
through physical examination with relevant
investigations.

The institutional ethics committee cleared the
study. Informed consent was taken from the
patients/ parents of children before proceeding data
collection. Pre-structured and pretested pro-forma
was used to collect the data. The baseline data
including the socio-demographic history including
ethnic origin, age, sex was collected after
interviewing the patients and the attendants.

A total of 70 patients attending the OPD of Clinical
Haematology department were studied as per the
inclusion and exclusion criteria. A detailed history
was taken with emphasis on personal history,
parent  consanguinity, family  history  of
hemoglobinopathies, family history of endocrine
disorders, number of blood transfusions/month and

Paul et al.

e-ISSN: 0975-9506, p-1SSN:2961-6093

duration of disease. Thorough physical examination
was  performed including  anthropometric
measurements, pallor, jaundice, presence of
haemolytic facies, organomegaly, Tanners staging
and splenectomy.

Laboratory investigations: 3ml of venous blood
was collected in EDTA vials from each individual
to perform complete blood count, peripheral smear,
reticulocyte count, and High-Performance Liquid
chromatography. 3ml blood in each of the two
plane vacutainers was collected for serum ferritin
level, thyroid stimulating hormone (TSH), free
thyroxine 3 (FT3), free thyroxine 4(FT4), Liver
function test, renal function test and viral markers.
HbA2 level of >4% was used as a cut-off for
diagnosis of beta thalassemia trait. Genetic
Analysis including Beta globin gene mutation and
Alpha globin gene mutation studies were
performed were feasible.

Methods of tests

All patients were investigated for complete blood
counts and red cell indices on automated analyser
(Sysmex 500 5-part coulter counter). Giemsa-
stained peripheral blood smears were examined for
red cell morphology.

Quantitative analysis of Hbs A, F, E/A2, Hb S was
done using HPLC (Bio Rad D 10 Hemoglobin
Testing System). The Bio-Rad D 10 is a fully
automated HPLC system to separate and determine
area percentages for haemoglobin A2 and F and to
provide quantitative determinations of abnormal
haemoglobins. 1-2 ml of whole blood samples was
collected in EDTA vials and were stored at 2-8
degree Celsius. EDTA anticoagulated 5 pl whole
blood samples were mixed with 1.0 ml of
haemolysis reagent to each sample vial and were
analysed in batches. The prepared samples were
injected sequentially into the analysis stream at 6.5-
min intervals and separated by the cation exchange
cartridge using a phosphate ion gradient generated
by mixing two buffers of different ionic strengths
to elute the different haemoglobins. HbA2/F
calibrator and two-level controls were analysed at
the beginning of each run.

A dual-wavelength filter photometer analysed the
haemoglobin elution from the cartridge by
detecting the absorbance changes at 415 nm and the
secondary filter at 690 nm corrected the baseline
for effects caused by mixing buffers with different
ionic strengths. Total acceptable area of each
analysis ranged from 1 to 3 million volts. 3ml of
blood was collected by vein puncture and allowed
to clot. The separated serum was used for the
estimation of ferritin levels using ELISA based
serum ferritin assay kit (Acculite ferritin kit) by
chemiluminescence immunoassay method. Thyroid
function was assessed by measuring serum level of
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T3, T4 and TSH using commercial quantitative
ELISA Kits.

Liver function test and renal function test were
performed by using automated biochemistry
analysers.

After analysis of the samples, parents and siblings
of the patients were screened and counselled.

Inclusion Criteria: Patients of all age groups (>6
months) diagnosed with haemoglobinopathy.

Exclusion Criteria: Patients less than 6 months of
age,patients suffering concurrently with any other
major illness and Patients who did not give
consent.

Statistical Method: Data was entered in Microsoft
Excel. Statistical analysis was done by SPSS
(Statistical Package for Social Science) software

e-ISSN: 0975-9506, p-1ISSN:2961-6093

(by IBM company). Data was analysed using the
following statistical tests. Histogram and Pie
diagrams were used for descriptive statistics.
Frequency, percentage, Mean and standard
deviation were used for all quantitative data. Chi
Square test was used to evaluate association
between categorical variables. Analytical data were
analysed using appropriate tests of significance
(Independent Student t test and ANNOVA) .A “p”
value less than 0.05 is considered as statistically
significant at 5% level of significance.

Results and Observation

Age distribution: In the present study majority of
the patients belonged to age group of 12 years
&less (60%) paediatric, while 40% of the patients
were adults.

Pie diagram showing age distribution of the
patients

M Children (12yrs & less)

W Adults (above 12 years)

Figure 1: Pie diagram showing age distribution of the patient

Sex distribution: 53% of the patients were male
and 47% were female. Demographic distribution:
51% of the patients were from rural areas and 49%
were from urban. Distribution of
Hemoglobinopathies: 46(65.7%) patients had a
variant of HbE disorder. 31(44.2%) patients had
HbE Beta thalassemia, 10(14.2%) had HbE disease

and 5(7.1%) had Hb E trait. 12 patients (17.1%)
had beta thalassemia major while 5 (7.1%) had beta
thalassemia trait. 4 patients (5.7%) had sickle cell
anaemia while 2 patients (2.8%) had sickle cell
trait. There was one case of alpha thalassemia
diagnosed by genetic studies.

Bar Diagram showing Distribution of
Hemoglobinopathy

ALPHA THALASSEMIA 18
SICKLE CELL TRAIT
SICKLE CELL ANAENMIA
HBE TRAIT

HBE DISEASE

HBE BETA THAL

BETA THAL TRAIT

BETA THAL MAJOR

20 25 30 35

Figure 2: Bar Diagram showing Distribution of Hemoglobinopathy
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Distribution of Consanguinity: In the present study,
8.57% of the patients had a history of parental
consanguinity while 91.43% patients had parents
with  non-consanguineous marriage. Parental
history of consanguineous marriage was found in
17.6% of patients. 16.6% (2/12) of the beta
thalassemia major patients and 18% (4/22) of the
HbE beta thalassemia patients had parents with a
consanguineous marriage. In the beta thalassemia

Ethnicity
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major subset, mean serum ferritin concentration in
study subjects was 1513.3ug/l (range 1220-1900
pa/l).

Ethnic distribution: In our study, the tribal
population of Ahom, Boro, Tea Tribe, and Sonowal
each represented 6.67%, 6.67%, 3.33%, and 3.33%
respectively.

= Tribes

= Non-Tribes

Figure 3: Ethnicity

Characteristic  of  transfusion  dependent
Thalassemia patients: In the present study, out of
70 cases, 34 patients were transfusion dependent
(48.5%). Out of these, 12 patients (17.1%) had beta
thalassemia major while 22(31.4%) patients had
transfusion dependent HbE beta thalassemia. Mean
hemoglobin concentration was 7.83g/dl (6.8-9.6).
Splenomegaly was present in 83.3% patients, with
a mean spleen size of 4.4cm (0-10 cm).
Hepatomegaly was present in 55.9% patients with a
mean liver size of 1.4cm (0-6¢cm). In the HbE Beta
thalassemia patients, mean hemoglobin
concentration was 7.8g/dl (6.3- 9.6), with a mean
spleen size of 4.35cm (1- 10cm) and mean liver
size of 1.2cm (0-3cm). 2 patients underwent
splenectomy. Mean serum ferritin concentration in

study subjects was 1568.1ug/l (range 1010-2100
Hg/l).

Frequency of Blood transfusion as per age: We
divided the transfusion dependent patients,
according to total number of blood transfusions per
year into three groups 6-12, 13-24, >24
transfusions per year. We divided the study
subjects into three age groups (0-5, 6-10, >
11years). The requirement of total number of blood
transfusions per year according to these age groups
is shown in a graphical form in the above figure.

Fig 4 shows that as the age of the patient increases,
there is increasing requirement of blood
transfusion. However, there was no patient >
11years old requiring more than 24 transfusions per
year.

Bar Diagram showing the Frequency of blood transfusion
according to age group

Ape of patients

Hurmbdy of pltients

Figure 4: Bar Diagram showing the frequency of blood transfusion according to age group
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Serum ferritin level: It ranged from 1500-1700
mcg/l irrespective of the age group. None of the
transfusion dependent thalassemia patients in our
study had a normal serum ferritin.

Comparision of Phenotypic profile between well
and poorly transfused: Well Transfused
(Maintaining a pre transfusion Hb >9 g/dl) and
poorly transfused (Maintaining a pre transfusion
Hb< 9 g/dl) (As per ICMR guidelines) [82] were
compared. The study had 10 and 24 number of
patients respectively. From the table it is clearly
evident, that inadequately transfused patients have
poor growth and development, delayed puberty,
presence of haemolytic facies and endocrinopathies
which is statistically significant. They also have
increased liver size (1.58cm vs 0.6cm) and higher
serum ferritin levels, which are statistically
significant. Short stature was seen in 12.5% of the
poorly transfused individuals, delayed puberty and
hypothyroidism was seen in 20.8% and 8.3% of the
inadequately transfused patients. There was only
one well transfused (pre transfusional Hb>9), well
chelated (S.ferritin 950pug/I) transfusion dependent
Hb E beta thalassemia patient. This patient did not
have any hemolytic facies, endocrinopathy, no
hepatomegaly, however had mild splenomegaly of
lcm.

Characteristic of non-transfusion dependent
Thalassemia patients: In the present study,51.4%
patients had a non-transfusion  dependent
phenotype. The mean Hb concentration in beta
thalassemia trait patients is 8.98g/dl. This is
because in our study there were 2 beta thalassemia
trait patients who had concomitant iron deficiency
anaemia and G6PD deficiency, probably causing a
decrease in the mean hemoglobin. Among, Hb
E/beta thalassemia patients, mean Hb is 10.1 g/dl.
In sickle cell disease patients, mean Hb is 8.9 g/dI
while in sickle cell trait patients, it is 10 g/dl.
Hepatomegaly was not seen in any of the patients
while splenomegaly was seen in 41.7% of the
patients. Among HbE beta thalassemia patients,
55.5 % patients did not have splenomegaly, 44.5%
patients had mild enlargement in spleen size. (1-
2cm) 2 patients with non-transfusion dependent
HbE beta thalassemia had a concurrent G6PD
deficiency and iron  deficiency anaemia
respectively. Patients with HbE Beta Thalassemia
had the highest average ferritin level of 671.56
ng/mL, followed by beta thalassemia trait with an
average ferritin level of 430.4 ng/mL. 28 patients
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(77.7%) of the patients never required a blood
transfusion, however the mean ferritin among
various subgroups was slightly higher.

Spectrum of Hb E disease: This study revels,
46(65.7%) patients had variant of HbE disorder.
31(44.2%) patients had HbE Beta thalassemia,
10(14.2%) had HbE disease and 5(7.1%) had Hb E
trait. Majority of the patients who were transfusion
dependent were children with an average age of
10.5 years. Mean pre transfusion haemoglobin was
7.8 in transfusion dependent HbE- beta thalassemia
patients as opposed to 10.1 in the NTDT subset.
Mean Hb was 12.1 and 13.9 in Hb E disease
patients and HB E trait patients respectively.
Average liver size was 1.2 cm, ranging from 0 to 3
cm in transfusion dependent HbE beta thalassemia,
while the mean spleen size was 4.15 cm ranging
from 1cm to 10cm. Splenectomy was done in 2
patients. Mean serum ferritin was 1568, ranging
from 1010 to 2100 in the transfusion dependent
subset as opposed to 671.5 in the non-transfusion
dependent group There is a vast phenotypic
heterogeneity among patients of HbE- beta
thalassemia. The serum ferritin levels were near the
upper limit of normal for patients of HbE disease
and trait. Splenomegaly was seen in 5 cases of HbE
disease ranging from 0 to 3cm.

Mutational Profile of Hemoglobinopathies:
Mutational studies were performed in 25 cases. The
most common mutation seen in beta thalassemia
was 1VS1-5(G>C) at Intron 1 which was seen in 10
cases, corresponding to a severe thalassemia
variant, however one patient had a compound
heterozygous mutation for ¢.92+5G>C at exon 1
and c¢-18-122C>T at promoter region which caused
a non-transfusion dependent phenotype for the
patient. 11 cases had a ¢.79G>A mutation at exon 1
corresponding to a Hb E variant.

Among these 11 cases, 4 patients had a compound
heterozygous mutation at 1VVS1-5(G>C) at Intron 1
which caused a severe transfusion dependent
phenotype of HBE /beta thalassemia. One beta
thalassemia patient had a Homozygous mutation at
IVS 1l 1(G>A)(HBBc.315+1G>A), leading to a
less severe phenotype. One patient had
Homozygous mutation for 619 bp del, causing
transfusion dependent beta thalassemia. One child
had homozygous mutation ¢.314G>A at exon 3 of
HB A2 causing alpha thalassemia of intermediate
severity also known as Hb Sallanches.
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Table 1: Genotype-Phenotype Correlation in Thalassemia Patients

Genotype Phenotype

MUTATIONAL PROFILE (N = 25) (34.3%) TDT (N =14) NTDT (N =
(58.3%) 11) (41.7%)

HBB, ¢.79G>A (EXON 1) (N = 11)

e Homozygous 5

e Heterozygous 2

e Compound heterozygous with IVS 1-5 (G>C) 4 (Severe TDT)

IVS 1-5 (G>C) (INTRON 1) / ¢.92+5G>C (N = 10)

e  Compound heterozygous with c.79G>A (EXON 1) 4 (Severe TDT)

e Compound heterozygous with c.-18-122C>T (PROMOTER) 1

e  Compound heterozygous with Codon 30 (G>C) 1

e Homozygous 3

e Heterozygous 1

Homozygous for 619 bp Deletion (N = 1) 1

Homozygous for ¢.314G>A at HbA2 (EXON 3) (N = 1) 1

Compound heterozygous CAP site +1 (A>C) & Codon 30 (G>C) (N=1) |1

Homozygous at ¢.314G>A at exon 3 of HB A2 1

Discussion

In this hospital based descriptive Cross-sectional
study, 70 patients with Hemoglobinopathies
presenting to Gauhati Medical College and
Hospitalfrom February 2021 to Dec 2022 were
included based on the inclusion and exclusion
criteria.

In the present study majority of the patients
belonged to age group of 12 years &less (60%)
paediatric, while 40% of the patients were adults.
(Fig 1) 53% of the patients were male and 47%
were female.51% of the patients were from rural
areas and 49% were from urban. 50% of the study
population were Hindu, 37.1% were Muslim and
12.9% were Christian.

The commonest hemoglobinopathy in our study
was HbE -Beta thalassemia (44.2%), followed by
beta thalassemia major (17.1%). 14.2% had HbE
disease and 5(7.1%) had Hb E trait, while 5 (7.1%)
had beta thalassemia trait. 4 patients (5.7%) had
sickle cell anaemia while 2 patients (2.8%) had
sickle cell trait. There was one case of alpha
thalassemia diagnosed by genetic studies. (Fig2)

65.7% patients had a variant of HbE disorder.
Most of the study population were nontribal (80%),
among the tribes, most prevalent were Ahom, Boro,
Tea Tribe, and Sonowal each representing 6.67%,
6.67%, 3.33%, and 3.33% respectively. (Fig3)

Mondal UK [11] et al conducted an observational
study in the Department of Paediatrics, at Assam
Medical College and Hospital, and reported that
sickle cell disease was found in 11.2% cases, beta
thalassemia major in 10.2%, HbE- Beta thalassemia
in 5.8% cases, Hb E disease in 4.8% cases. Pathak
et al [12] observed that out of the total 1118 cases ,
698 (62.43%) were positive for Hb variants like -
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thalassemia minor (16.99%), B-thalassemia major
(2.32%), Hb E heterozygous (22%), Hb E
homozygous (6.62%), Sickle cell trait (3.04%),
Sickle cell disease (1.69%), Compound Hb E-B
thalassemia (9.66%) and Compound Hb S-p
thalassemia (0.1%).Kalita D et al[13] studied a
total of 75 children of thalassemia and reported
58.6% patients were male and 41.3% were female.
In their study, the most common haemoglobin
disorder was HbE trait 26.6% followed by Beta
thalassemia trait 21.3%, Sickle cell trait (18.7%) , E
beta thalassemia (9.3%) ,HbE disease 8% and
sickle cell disease (Hb SS ) 8% respectively.
Mondol SK et al[14] evaluated the Prevalence of
thalassemia and hemoglobinopathy in eastern India
over a period of 10-year and reported that B (beta)
thalassemia trait was the commonest abnormality
found in 5,488 (4.60%) patients. HbE trait was
found in 3,604 (3.02%) patients, B thalassemia
major/intermedia in 1,981 (1.66%) cases, and Ef
thalassemia in 1,384 (1.16 %) cases. The mean age
was 25.8 years with patients ranging between 5
months and 72 years.

Thalassemia is the most common monogenetic
haemolytic anaemia in India. Repeated blood
transfusion is needed for the survival of
thalassaemic patients. Due to repeated blood
transfusion excessive iron get accumulated in the
body leading to a condition known as
hemosiderosis, which is a major cause of late
morbidity and mortality in these patients. Serum
ferritin measurement is an easy and cost-effective
tool which helps in deciding the ideal timing for
starting of iron-chelation therapy.

In the present study, 34 patients were transfusion
dependent (48.5%) and out of these, 12 patients
(17.1%) had beta thalassemia major. Parental
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history of consanguineous marriage was found in
17.6% of patients, which is concordant to the
findings by Bhalodiya VR at al [15].

Mean hemoglobin concentration was 7.83g/dl (6.8-
9.6). Splenomegaly was present in 83.3% patients,
with a mean spleen size of 4.4cm (0-10 cm).
Hepatomegaly was present in 55.9% of the
patients. Mean liver size was 1.4cm (0-6¢cm).

The mean age of onset of blood transfusion was 8.8
months, which is similar to the finding by
Bhalodiya VR et al. [15] Koreti S et al [16]
evaluated 60 patients suffering from beta
thalassemia major, and observed that the median
age at the first transfusion was six months (range
4-16 months)(Fig 4) with 55.5% having a history
of consanguineous marriage of parents. Biswas et
al [17] evaluated the quality of life in 328 beta
thalassemia major patients and found that 61.3% of
them had a palpable spleen with size ranging from
1 to 8 cm. He also observed that the last pre-
transfusional Hb level was an important predictor
of quality of life. In the present study too, patients
maintaining a pre transfusional Hb of> 9 g/dl had
better physical well-being.

Inadequately transfused patients had poor growth
and development, presence of haemolytic facies
and endocrinopathies which was statistically
significant (p<0.05). This was similar to the
findings of an Indian study [18] and several foreign
studies [19,20,21]. It may be so because the
optimal Hb level in the blood at any given point of
time directly influences the physical and mental
functioning. In the present study, short stature was
seen in 12.5% of the poorly transfused individuals,
delayed puberty and hypothyroidism was seen in
20.8% and 8.3% of the inadequately transfused
patients.

These findings are consistent with the findings by
Jain JK et al [22] and Kalita D et al [13]. Jain JK et
al studied 48 children of beta thalassemia major
and found 41.66% were having endocrinological
complications. Most commonly being stunted
growth (27%). Delayed puberty was observed in 7
children (14.58%) and hypothyroidism was seen in
4 children (8.33%). Kalita D et al observed that
46.6% of cases of thalassemia  were
malnourished/stunted and 29.3% children had
skeletal changes like frontal bossing, malar
prominence, malocclusion of teeth.

The contributing factors for growth retardation in
our patients may include chronic hypoxia due to
anaemic state, transfusion related iron overload,
hypothyroidism, hypogonadism, growth hormone
deficiency, undernutrition and psychosocial stress.
Hypothyroidism in our study may be due to
anaemia, chronic tissue hypoxia, free radical injury
and organ siderosis.

Paul et al.
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Chirico V et al [23], observed that patients with
ferritin values above 1800 pg/L experienced a
significantly faster development of
endocrinopathies. In our study, a ferritin value of
1640 pg/LL was associated with development of
endocrinopathies,  which  was  statistically
significant. Hence, Serum Ferritin represents a
prognostic marker for transfusion dependent
thalassemia patients and a predictive factor for
progression to endocrine dysfunctions.

Our study has shown that as the patients of
transfusion dependent beta thalassemia grown
older, their blood requirement increases. This
observation is consistent with the findings by
Bhalodiya VR et al [15] and Koreti S et al [16].
The mean serum ferritin concentration in the study
subjects was 1513.3ug/l (range 1220-1900 pg/l).
The mean ferritin values in various national and
international studies as compared to our study. We
can see that it is consistent with the findings by
Cunningham et al [24] but significantly lower as
compared to other studies by other national and
south east Asian authors.

In the present study, serum ferritin levels did not
show a positive corelation with increasing age and
with the number of transfusions per year as
opposed to the findings by Bhalodiya VR et al [87]
and Koreti S et al [16]. This may probably be due
to prompt initiation and regular patient compliance
to oral iron chelation therapy.

In our study, there was only one well transfused
(pre transfusional Hb>9), well chelated (s. ferritin-
950ug/l) transfusion dependent Hb E beta
thalassemia patient. This patient did not have any
hemolytic facies, endocrinopathy, no
hepatomegaly, however had mild splenomegaly of
1cm. This emphasizes the importance of adequate
chelation. Various studies [25,26,27] have shown
that chelation therapy helps to prevent iron
overload state and thus reduce morbidity and
mortality induced by iron toxicity.

In the present study,51.4% patients had a non-
transfusion dependent phenotype. The mean Hb
concentration in beta thalassemia trait patients was
8.98g/dl. 80% of the beta thalassemia trait patients
never had a history of blood transfusion, however
had a higher serum ferritin level of upto 800ug/l.
This is similar to the findings by Shah R et al [28]
and Musallam KM et al [29].

Ferritin levels, which serve as an indicator of iron
stores in the body, exhibited variations among the
different groups. Patients with HbE Beta Thal had
the highest average ferritin level of 671.56 ng/mL,
followed by beta thalassemia trait.

The observed differences in ferritin levels could be
attributed to the complex interactions [9,29]
between iron metabolismand the specific
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hemoglobinopathies, as well as other factors such
as iron supplementation and inflammation. This
disproportionate increase in serum ferritin is due to
increased intestinal absorption of iron.

Current models for iron metabolism in beta (B)-
thalassemia intermedia patients suggest that
suppression of serum hepcidin results in increased
iron absorption and release of iron from the
reticuloendothelial system, leading to depletion of
macrophage iron, relatively low levels of serum
ferritin, and liver iron loading. The consequences
of iron overload in patients with non-transfusion
dependent thalassemia are multifactorial and
include endocrinopathy, bone disease,
thromboembolism, pulmonary  hypertension,
cerebrovascular and neuronal damage, liver fibrosis
or cirrhosis, and increased risk of hepatocellular
carcinoma [9,29,30].

The variations in haemoglobin levels, spleen size,
and ferritin levels among different subgroups
highlight the heterogeneity of these disorders. This
information can contribute to the understanding of
disease progression, management strategies, and
the development of targeted interventions for
patients with non-transfusion dependent
hemoglobinopathies.

The North Eastern Region of India particularly
Assam is a rich reservoir of hemoglobinopathies
and thalassemia because of the migration of various
races over a period of time. It has been shown by
various authors that HbE is prevalent in the
inhabitants of Assam, having cultural and linguistic
associations with the population of South East
Asian countries.[31] Though the HbE gene has
been detected across all ethnic groups in Assam
like the Ahom, Koch, Chutia, Muttock, Deori,
Sonowal and Mishing groups, the highest incidence
has been detected in the Bodo-Kacharis, an ethnic
group speaking Tibeto-Burmanlanguages[6,31,32].

In our study, HbE beta thalassemia was most
common among the muslims (22.92%), followed
by Biharis (4.17%), Boro (2.08%), Ahoms (2.08%)
and Bengalis (2.08%). Hb E disease was more
common among the Boro (4.17%) and Sonowal
(2.08%) while Hb E trait was seen among the
Ahoms (2.08%) We studied clinical features in 70
patients of hemoglobinopathy of which, 46 patients
(65.7%) had a variant of Hb E disorder. 31(44.2%)
had HbE beta thalassemia, which is similar to the
finding of Baruah A et al (58.5%) [32] Phenotypic
variability of HbE-B thalassaemia, the limited
understanding of its natural history, make the
management of Hb E-B thalassaemia particularly
challenging. Marked clinical variability ranges
from a mild and asymptomatic anaemia to a life-
threatening disorder requiring transfusions from
infancy.[7]
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In our study, 22 (70.9%) cases were behaving as 8
thalassemia major or severe phenotype and
remaining 29% cases were behaving as thalassemia
intermedia or moderate phenotype. Among those
having a severe phenotype, 50% of the patients
became transfusion dependent by the first year of
life with an average of 8 months, while 27.2% of
the patients started requiring blood transfusion at a
mean of 2.3 years of age and 22.7% of the patients
developed a severe phenotype by 5.8years of age
(4-9 years), previously being non transfusion
dependent. These findings are similar to the study
by Baruah Aditi et al [33] wherein the clinical
features of 62 children with HbE -beta thalassemia
was evaluated in a hospital-based study in
Dibrugarh, and it was seen that 65.4% had a severe
phenotype while 34.6% had a moderate phenotype.

The cause for this changing phenotype of HbE-
beta thalassemia is not completely understood.[7]
A modified —natural historystudy of Hb E-B
thalassaemia in children in Sri Lanka highlighted
the instability of phenotype over the first 10-15
years of life, during which there was a variable, and
changing pattern of anaemia and
erythroidexpansion [7].

This study attempts to study the underlying genetic
mutations  responsible  for this  phenotypic
heterogeneity. There is a widely disparate range of
clinical and haematological parameters in patients
with Hb E- thalassaemia [7,33,34]

In our study, average Hb level at the time of
diagnosis was 8.9 gm/dl ranging from 6.3 to 15.2
gm/dl. Fucheroen et al. [35] stated that the steady-
state haemoglobin levels in Hb E-p thalassemia
range widely between the different phenotypes,
from 3 g/dl or less to as high as 11 g/dl. In the
present study, mean serum ferritin was 1568,
ranging from 1010 to 2100 in the transfusion
dependent subset as opposed to 671.5 in the non-
transfusion dependent group. These findings are
consistent with the study by Das et al [36], where
cases of HbE Beta thalassemia on regular blood
transfusions had a higher ferritin (1309.75) than
those with occasional transfusions. (715 ng/ml) In
our study, the average Hb was 12.1 and 13.9 in Hb
E disease patients and HB E trait patients
respectively, which is similar to the findings by
Bhargava P et al [38], wherein the average value
for haemoglobin was 12.2 in Hb E trait and 11.2 in
Hb E disease. It is also consistent with the findings
of Hmar L et al. [38]

Splenomegaly was found in 2 cases of HbE disease
in the study by Bhargava P et [37] al, while in the
present study, it was found in 5 cases. In a study by
Vichinsky[39], HbE disease patients were
occasionally found to have splenomegaly.
Clinically HbE is a mild type of disorder both in
homozygous and heterozygous states therefore Hb
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E individuals are minimally anaemic and
asymptomatic.[40]. Lachant et al[40] described
HbE homozygous to have on an average of 1g/dl
less haemoglobin concentration than that seen in
heterozygotes; which is elucidated in the present
study. Several studies have shown in the past that
the HDE trait and disease patients usually do not
develop a state of iron overload. In the study by
Aggarwal et al [41], and Bhargava P et al [37], iron
profile was normal in all patients with HbE trait
and disease. In our study alsoiron profile was
normal in all patients which was consistent with the
findings of above studies. HbE disorders can
coexist with alpha or beta thalassemia and iron
deficiency anaemia.

HPLC study can diagnose HbE beta thalassemia
but not alpha thalassemia. Genetic study is required
for further analysis of such cases. Mutational
studies were performed in 25 cases. This data is
important for understanding the genetic basis of
thalassemia and HbE disorders and their
implications for disease severity. Studies conducted
in various parts of the country have identified
common as well as some rare mutations in the
population. In general, the mutations IVS I-5
(G—C), IVS 1-1(G—T), Codon 41/42 (-TCTT),
619-bp deletion and Codon 8/9 (+G) make up for
the 5 most common mutations in India. [42,43]

The most common mutation seen in our patient
population was ¢.79G>A (p.Glu27Lys) which is a
missense SNP mutation where guanine is replaced
by adenosine at exon 1,causing a change in single
amino acid glutamic acid to lysine.(Tablel) This
corresponds to a Hb E variant which was seen in 11
patients. ¢.79G>A at exon 1 is the most common
mutation seen in HB E variants as shown in various
studies by Flatz G et al [44], Nakatsuji T et al [45].
Among these 11 cases, 4 patients had a compound
heterozygous mutation at 1VS1-5(G>C) at Intron 1
which caused a severe transfusion dependent
phenotype of HBE /beta thalassemia, as supported
by a study by Shah PS et al [46]. The most
common mutation seen in beta thalassemia was
IVS1-5(G>C) at Intron 1, which is similar to the
findings of Saikia M [47] et al who evaluated beta
thalassemia mutations in 105 cases in Northeast
India and reported 63.09% were positive for IVS1-
5(G>C) mutation. One beta thalassemia patient had
a Homozygous mutation at IVS II-1(G>A)
(HBBc.315+1G>A), leading to a less severe
phenotype probably due to higher HBF production
as supported by the study by Oppenheim et al. [48]

One child had a rare homozygous mutation
c.314G>A at exon 3 of HB A2 causing alpha
thalassemia of intermediate severity also known as
Hb Sallanches, with only few isolated case reports
being reported of the same. [49,50]
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It is worth noting that the sample size in this study

was relatively small (N=25), which may limit the
generalizability of the results. Additionally, the
study focused on a specific population, and the
prevalence of specific mutations may vary in
different ethnic groups or regions. Further research
with larger sample sizes and diverse populations
would be beneficial to validate and expand upon
these findings.

Strength of the study was that it included various
age groups, with a particular emphasis on the
paediatric population. This approach provides
insights into the distribution and impact of
hemoglobinopathies throughout different stages of
life, highlighting the importance of early detection
and intervention. The study covers both rural and
urban areas, ensuring a diverse representation of
the population. This inclusiveness strengthens the
applicability of the findings to a broader range of
individuals. By examining the transfusion
requirements and complications associated with
transfusion therapy, the study addresses an
essential aspect of disease management. This
information can guide healthcare providers in
optimizing transfusion strategies and chelation
therapy to minimize complications and improve
patient outcomes These strengths collectively
enhance the robustness and applicability of the
study's findings, making it a valuable resource for
healthcare  professionals, policymakers, and
researchers involved in the management and
understanding of hemoglobinopathies

Limitations of the study was that the sample size of
each subgroup is relatively small that limit the
generalizability of the findings and the burden of
hemoglobinopathies can be correctly estimated
only by carrying out large population-based
studies. As it was a single centre study,the milder
phenotypes of thalassemia may have been missed.
The true incidence and their follow up can only be
ascertained in a population-based study. Genetic
studies could be performed in only 25 patients due
to logistic reasons. A larger sample size is needed
to validate the impact of genetic analysis on the
phenotype of hemoglobinopathies.

Conclusion

HbE-Beta thalassemia was the most common
subtype followed by HbE disease and HbE trait.
The majority of patients with HbE beta thalassemia
disease were transfusion-dependent and showed
poor growth and development, delayed puberty,
presence of hemolytic facies, and endocrinopathies.
Their mean serum ferritin concentration was much
higher than normal limit. Other
hemoglobinopathies included beta thalassemia
major, beta thalassemia trait, sickle cell anemia,
and sickle cell trait, were observed in smaller
proportions.Associated iron deficiency anaemiawas
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also seen

in few non-transfusion dependent

thalassemia cases.The most common mutation seen
was ¢.79G>A (p.Glu27Lys) which corresponded to
an HbE variant. Co inheritance of 1VS1-5(G>C) at
Intron 1, is responsible for a severe transfusion
dependent phenotype.
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