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Abstract

Background: The prevalence of thalassemias and various hemoglobinopathies are a major public health problem in Punjabi
population. These cases are mainly overlooked and thus only treated as a part of anaemia. Thus it is worthwhile to study its
prevalence and occurrence. The main objective of our study was to find the prevalence of hemoglobinopathies in Punjab and
implement strategies for preventing marriages between two carriers for effective control of these diseases.

Material and Methods: This was a case control retrospective study for screening for haemoglobinopathies of patient samples
collected in biochemistry clinical laboratory, SGRDIMSAR, Vallah, Amritsar from 1 June 2015 to 30 May 2016 using automated
Interlab Genios S electrophoresis system. EDTA samples were collected and 30 pL of lysate was applied on Genios S
electrophoresis system in alkaline haemoglobin buffer. The results were interpreted by densitometer were obtained as a graph and
interpreted.

Results: In this study, out of 187 samples we received for screening of haemoglobinopathies, total of 143 (78.5%) were found to
have a normal electrophoretic pattern and 44 patients (21.4%) were found to have one or other form of hemoglobinopathy.
Conclusion: Punjabi population has high prevalence of haemoglobinopathy screening being an affordable and accessible way to
detect carriers, it should be made mandatory in high schools, before marriage and antenatal clinics. Also, public education and
awareness for screening in areas of high prevalence of consanguinity should be made mandatory.

Introduction

Anemia is very common in our country in
childbearing women and growing children. As per
National Family Survey-Il conducted in 1998-1999, it
was found that 73.6% child in age group of 6-35
months were anaemic.®) Haemoglobin is a hemoprotein
whose primary function is to transport oxygen from
lungs to the body tissue. It was first isolated in 1849,
Haemoglobin is a globular protein with a diameter of
6.4nm and a molecular mass of approximately 64000
Da. Haemoglobin consists of four globin subunits (two
alpha and two non-alpha) with each looped about itself
to form a pocket or cleft in which heme group nestles.®

Foetal haemoglobin predominates during foetal life
but rapidly diminishes during first year of postnatal life.
The normal adult also has between 2.3 and 3.5% of

Fig. 1: Fetal haemoglobin protein structure

Fetal hemoglobin protein structure
Thalassemias and hemoglobinopathies are clinical

haemoglobin A2 (HbA2)io282], and may have up to
2% HbF in circulating erythrocytes. Foetal
haemoglobin F (HbF) that contains two alpha chains
and two gamma chains (22v2)(Table 1).®

Table 1: Normal Ranges of Adult Haemoglobins

Hemoglobin | Globin Chain Adult

Composition | Concentration*
HbA a232 96-98%
HbA2 02p2 2.3-3.5%
HbF a232 <2%

Functionally, fetal hemoglobin differs most from
adult hemoglobin in that it is able to bind oxygen with
greater affinity than the adult form, giving the
developing fetus better access to oxygen from the
mother's bloodstream.

disorders related to Hb pathophysiology although they
may have similar clinical manisfestations such as
anemia of varying severity.® The name thalassemia is
derived from the Greek word for sea, thalassa, because
all early cases of P-thalassemia were described in
children of Mediterranean origin. Hemoglobinopathies,
the most common single gene disorder in the world, are
structural Hb varients arising from mutations in the
globin genes, which result in substitution or disruptions
in the normal amino acid residue sequence in one or
more of the globin chains of Hb.® Congenital disorders
of haemoglobin characterized by deficient synthesis of
one or more hemoglobin polypeptide chains, leading to
an imbalance in numbers of alpha - beta chains o-
thalassemia arise from deficiencies in production of a-
globin chains and are caused by deletion or point
mutation in one or more of the four a-globin genes. B-
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thalassemias result from a reduction in the synthesis of

the B-globin chains.®”)

Table 2®

Name

Description

Alleles

Thalassemia minor

Only one of [ globin alleles bears a mutation.
Individuals will suffer from microcytic anemia. | | B% B
detection usually involves lower than normal MCV
value (<80 fL). Plus an increase in fraction of
Hemoglobin A2 (>3.5%) and a decrease in fraction
of Hemoglobin A (<97.5%)

B*/B or

Thalassemia

intermedia minor forms.

A condition intermediate between the major and
individuals can often
manage a normal life by may need occasional
transfusions, e.g., at times of illness or pregnancy
depending on the severity of their anemia.

Affected

B*/B* or
po/ B*

Thalassemia major

severe  microcytic,

transfusion;

If both alleles have thalassemia mutations. This is a
hypochromic
Untreated, it causes anemia, splenomegaly, and
severe bone deformities. It progresses to death
before age 20. Treatment consists of periodic blood
splenectomy
present, and treatment of transfusion-caused iron
overload. Cure is possible by bone marrow
transplantation. Cooley’s anemia is named after
Thomas Benton Cooley.

B/ p°

anemia.

if splenomegaly is

Sickle cell haemoglobin (HbS) results from an
autosomal recessively inherited mutation in which 17
nucleotide of beta-globin gene is changed from thymine
to adenine and amino acid glutamic acid is replaced by
valine at position 6 in the beta-globin chain.®%!) Sickle
cell disease refers to the group of disorders that affects
haemoglobin molecules(HbS). Sickle cell anaemia is
the name of the specific form of sickle cell disease in
which there is homozygosity for mutation that causes
HbSS. Sickle cells have reduced deformability and are
easily destroyed causing occlusion of
microcirculationand chronic haemolytic anaemia with a
median haemoglobin concentration level of 9g/dl.(?

Table 3: Shows factors leading to Sickle Cell Crisis

Factors
Hypoxia Dehydration
Vascular Stasis Fever
Cold Acidosis
Methodology

This is an observational study concluded in clinical
biochemistry laboratory of the institution. HbA1,
HbA2, HbF and other variants of haemoglobin were
separated from samples collected in the Biochemistry
Lab. From 1/6/2015 to 30/5/2016 using Automated
Interlab Genio S Gel Electrophoresis.®® Samples were
collected in EDTA vacutainers which is anticoagulant
of choice for hemoglobinopathy analysis. Samples
obtained were processed within three days of receipt of
samples as HbF results are obtained on fresh materials

and not on samples more than a week. However
analysis remain fairly stable on samples stored at 4°C
even after 3 weeks. Lysates are prepared by the
following procedures. Take EDTA whole blood and
centrifuge it for 5 minutes. In a separate tube take 50 pl
of RBC’s (infranatant) and 250 pl of lysing solution.
Centrifuge at 500 r.p.m (for 10-15 minutes). Take 30 pl
of supernatant from this tube and apply as a sample on
Genio S gel electrophoresis system by Liliac
Diagnostics. Other reagents used for the procedure:
1. Alkaline Hb (buffer system)
2. Staining solution
3. Destaining solution — by Liliac diagnostics and the
chromatogram after a single run was obtained after
about one hour, Lysates can be frozen at -20° C (1
month) and -80° C for about 3 months.

Measurement Units: The relative percentage (%) on
total haemoglobin is the measurement unit of choice.
The factors such as high HbAlc, batch to batch
variations and critical evaluation of the chromatograms
may affect the results. So, the Gel electrophoresis
apparatus was handled by trained personnel and
controls were run with each batch.

Reference intervals: Each laboratory should calculate
their own reference intervals by measuring HbF in at
least 100 adult individuals who are not Iron depleted
nor carriers of a/p thalassemias. The reference values
calculated for clinical Biochemistry laboratory of the
institution < 2.0%.
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Results

This study was conducted in the department of
Biochemistry SGRDIMSAR, Sri Amritsar. Out of 187
cases examines 143 (78.5%) were found to have normal
electrophorectic pattern and 92(21.4%) were found to
have one or the other form of haemoglobinopathy.

In our study the commonest disorder is thalassemia
(carrier) (17.5%), thalassemia major (2.1%), sickle cell
disease (1.6%). HbD (1.09%) and HbE heterozygous
(0.54%) in decreasing frequency. (Table 4)

Table 5 shows a comparative analysis of different
hematological parameters for the three common
hemoglobinopathies.

Table 4: Table showing percentage of various
hemoglobinopathies in this study

Thalasima Thalais | Hbs | HbD HbE
Carrier major
32 4 3 2 1
17.5% 21% | 1.6% | 1.09% | 0.54%

Table 5: Comparative analysis of differenct
hematological parameters for the three common
hemoglobinopathies

Lab Thalassemia | Thalassemia Sickle
parameter Major Minor Cell
Disease
Hb gm% 6.1 8.57 8.8
RBC Count 2.8 5.43 5.5
MCV 72 63.4 63
HCH 21.3 20.7 21
MCHC 29.6 32 34
RDW 26.9 15.2 14.9
Abnormal HbF HbA2 Hb3
Bands

Table 6: Shows the sex wise distribution of cases and

control
Hb M-105 F-80 T=185
Electrophores
Normal 95 48 143
90.4% 60% 78.5%
Abnormal 25 17 42
23.8% 21.2% 21.4%

,—| Iron metabolism ; to excsde iron |

Hematological data: Normal or misrecyiasls. |

GEL Elzcirepherasls.

Hb A2:3.2 % (%)

HPLC analysls of the globin chains:
geIEsTinn of gamma chain compasition

HRF:0.5 - 6.0%

Fig. 2

Discussion

The thalassemias and hemoglobinopathies (HbS,
HbE, HbD) are clinical disorders related to Hb
pathophysiology. The laboratory plays a crucial role in
detection and characterization of hemoglobinopathies
and thalassemias. Several recommendations have been
put forth for the laboratory investigation of abnormal
Hbs & thalassemias. For example, International
committee for standardization in hematology expert
panel on abnormal  hemoglobins,  published
recommendations for laboratory investigation of these
conditions. In this initial investigation they
recommended a) CBC b) electrophoresis at pH 9.2 ¢)
tests for solubility and sickling and d) quantification of
HbA2 and HbF. In thalassemias, the Hb concentration
and Mean Corpuscular Volume, an index of red cell
size are decreased, sometimes markedly. One study
recommends that an MCV of Less than72 fL (Ref unit
80-100 fL) is maximally sensitive and specific for
presumptive diagnosis of thalassemias. However, an
Mean Corpuscular Hemoglobin of less than 27 pg (Ref
Unit 26-35 pg) has been recommended as the decision
point for further investigation for iron deficiency
anaemia. Fetal hemoglobin (usually below 1% in
adults) can also be a diagnostic criteria for,
thalassemias an  High  Performance  Liquid
Chromatography analysis shows a major HbF peak with
absence of HbA and variable A2 peak. HbF may falsely
increase during pregnancy, juveline myeloid leukemia
and congenital aplastic anaemia and thus these should
be excluded before making the diagnosis.(41516.17)
Hereditary Persistance of Foetal Haemoglobin is a
condition having HbF values >10%. Thus HbF plays a
major role in the diagnosis of Thalassemias.

In our study the incidence of P thalassemia major
and minor was 2.1 and 17.5% respectively which gives
an estimate of approximate 5% of worlds population
being carries for haemoglobin disorders.(%1) The
frequency of sickle cell disease is 1.6% according to
our data in Punjab population. The average frequency
of sickle cell anaemia in Indian population is about
4.3%. The incidence of HbE disease is more in eastern
and far eastern parts of India. Only one case of HbE
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(0.54%) was found in Punjabi population in two years
in patients admitted in SGRDIMSAR, Amritsar. Two
patients (1.09%) of HbD were detected. The percentage
coincides with other reports in north Indian population.

Patients with sickle cell disease has normocytic
normochronic anaemia but majority of our patients
presented with hypochromic microcytic anaemia which
could be due to associated iron deficiency anaemia or
a-thalassemia trait. Moreover, very high incidence of
iron deficiency in patients of sickle cell disease has
been reported in India.?® As hemoglobinopathies exert
a high burden on India, especially in western parts of
world, screening being affordable and accessible way to
detect carriers, should be made mandatory in high
schools, before marriage and antenatal clinics along
with ferritin, serum iron and Total Iron binding
Capacity. Besides this public education and awareness
for screening especially in areas of high prevalence of
Consanguinity should be done.
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