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   Introduction: Beta-thalassemia is the most common and INTRODUCTION
	
   hereditary blood disorder worldwide, most of which are
characterized by base substitution or small deletion or
insertion of one or two nucleotides in the globin gene.
Today due to the mixture of gene pool, this disorder is now
not confined to any particular ethical group/races but each
group represents its own sets of mutations. High
Performance Liquid Chromatography forms a rapid,
sensitive and precise method for detecting abnormal
hemoglobin fractions. About 55 cases of Beta-thalassemia
have been studied for various hemoglobin variants from
Kanpur and adjoining areas.
Material and Method: The study was performed on
Agilent 1220 Infinity LC (Agilent Technologies) a High
Performance Liquid Chromatography using EZChrom Elite
for Beta-thalassemia.
Result: Abnormal hemoglobin variants were analyzed for
55 cases of Beta-thalassemia on High Performance Liquid
Chromatography. There were about 18 cases of Betathalassemia major and 37 cases of Beta-thalassemia
carriers. The frequency observed in our study was HbA1c
(0.14), HbF (0.7), HbE (0.45), HbD (0.34), HbS (0.45), and
HbA2 (0.52).
Conclusion: Automated High Performance Liquid
Chromatography is an appropriate approach for the
screening and presumptive identification of patients as well
as carriers of Beta-thalassemia prior to DNA studies for
definitive diagnosis.
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Beta-thalassemia is a heterogeneous group of blood
disorder characterized by decreased or absent
synthesis of beta globin chain. The disorder may be
caused by several molecular defects; most of them are
mutations that affect the expression of beta-globin
gene. The gene is located on the short arm of
chromosome 11p15.5.1 Phenotypically there are two
forms of beta-thalassemia: β°- no β globin chain
synthesis and β+- with some beta globin chain
synthesis, clinically presenting as a trait (β° or β+),
thalassemia intermedia (β+/β+ or β+/β°) and betathalassemia major (β°/β°).2 The homozygous state for
β° (β°/β°) causes a severe transfusion dependent
anemia termed as thalassemia major. Each ethnic
group has its own set of mutations that causes betathalassemia.3
Till date, more than 380 different types of mutations
have been recognized that causes this disorder. The
endemic area of the disease is the thalassemia belt,
which includes the Mediterranean region, part of the
Middle-East, the Indian subcontinent & the South
East Asia.2,4 It has been estimated that there are
approximately 45 million carriers with the carrier rate
of approximately 1: 20 of beta-thalassemia in South
Asian countries which include India, Sri Lanka and
Pakistan.5 Treatment of individuals with betathalassemia major had to undergo regular blood
transfusions and expensive iron chelation therapy
which is still not a satisfactory procedure and the
disease causes significant morbidity and mortality in
affected individuals.6 The population of Uttar Pradesh
is over 200 million and it is a multi-ethnic populated
state but marriages most often take place within the
same ethnic groups. The facts and figures provided
by different reports are useful in establishment of
proper molecular screening techniques for the
betterment of the thalassemic patients. Such one
technique is High Performance Liquid Chromatography that provides specific distribution pattern of
hemoglobin variants in patients and carriers that can
easily diagnose beta-thalassemia from other forms of
hemoglobinopathies.7
The present literature indicates needs to evaluate to
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control the birth of thalassemia. This will be the first
screening center for presumptive identification of
patients as well as carriers of beta-thalassemia and to
provide molecular diagnosis and prenatal diagnosis in
the Kanpur city and the adjoining area. This project is
beneficial to the society as it will help in the
eradication of the genetic disease like thalassemia.
MATERIAL AND METHODS
Sample Collection Criteria: The sample size consist
of 55 cases (18 patients and 37 carriers) with the age
ranging between 2 year to 65 year. 2ml of venous
blood samples were collected in EDTA vials from
each patient and their family members. The patients
included in the study were all transfusion dependent.
Among them one patient was going through regular
iron chelation therapy and another with first time
transfusion. Age, sex, history and consanguinity
between the parents were recorded. Most of these
patients were taking regular transfusion except few
cases which had skipped the transfusions at irregular
intervals. This was a prospective study carried out in
Central Research Laboratory at Rama Medical
College-Hospital and Research Center, Rama
University, Kanpur for the period of 8 months.
Hematological Parameters: Hemoglobin, Red Blood
Cell (RBC) counts & red cell indices were estimated
on automated blood counter (Sysmax). Classical red
cell indices for beta-thalassemia are indicated by a
MCV<75fl (Mean Corpuscular Volume) & MCH
(Mean Corpuscular Hemoglobin) <27pg and RBC
count >5 million/µl.8,9
HPLC Analysis: HbA2, HbF and other hemoglobin
variants were studied by High Performance Liquid
Chromatography method used for chromatographic
separation of human hemoglobin.10,11,12 We have used
Agilent 1220 LC (Agilent Technologies) a High
Performance Liquid Chromatography using EZChrom
Elite for beta-thalassemia. The beta-thalassemia kit
(Gordion Diagnostik, Turkey) was used for analyzing
all the samples. A chromatogram of the cases with
beta-thalassemia major detected by the EZChrom
program are detected by 1220 LC (Agilent
Technologies).
Principle: Agilent 1220 LC is a fully automated High
Performance Liquid Chromatography system which
uses double wavelength detection of 415nm &
600nm. Several elution methods including specific
column, buffers and software were available from
manufacturer (Gordion Diagnostiks, Turkey). The
EZChrom Elite for beta-thalassemia has been
designed to separate and determine the retention time
and area percent of HbA2, HbF & other Hb variants
and provide quantitative determination of abnormal

hemoglobin. In the 3 x 0.46 cm nonporous CationExchange column, the elution occurs at the flow rate
of 1.5ml/min with an analytical time 6.5 minutes by a
gradient of buffers A & B that differ in pH and ionic
strength. The 5µl of whole blood sample was taken
from each case in eppendroff and 1ml of lysis buffer
was added to each. After 10 minutes of incubation at
room temperature, 10µl of mixture was taken and was
injected.
Interpretation of Reports: Reports and chromatographs generated were studied and interpreted by
observing the HbF & HbA2 levels for beta-thalassemia
and retention time & area percentage was analyzed for
other structural variants. Each chromatograph shows
the peak of HbA1c, HbD, HbC, HbE, HbS & HbA0.
Retention time for each hemoglobin variant was
interpreted according to the values provided in the
manufacturer guide for variants.
RESULT
Around 55 cases were taken into account for study, in
which 18 cases were beta-thalassemia major and 37
were carriers. Carriers were family members of the
patients. All the cases analyzed were detected with
abnormal hemoglobin variants in the study.
Presumptive identification of hemoglobin variants
was based on retention time and area percentage as
shown in Figure-I.
However geographical factor, ethnicity and clinical
presentation were also taken into consideration.
Frequency of hemoglobin variants identified in
analysis is shown in Table-I and Table-II shows the
relevant Red Blood Cell (RBC) parameters of betathalassemia majors and carriers.
DISCUSSION
In recent years, High Performance Liquid Chromatography (HPLC) has become a quick reference method
for the study of hemoglobin (Hb) abnormalities and
beta-thalassemia. Cation-exchange HPLC is the
method of choice to quantify normal and abnormal Hb
fractions.11-15 India is an ethnically diverse country
with marked regional variations. This diversity is
reflected in the presence of different regions. Due to
migration, there is a constant mixing of peoples from
different regions. Many of these abnormal variants are
in heterozygous state, but when combined with other
variants they may give rise to severe disorder.
Therefore, there is always a need for screening
method to detect maximum variants and HPLC has
the advantage of quantifying HbF, HbA1c, and HbA0
along with detecting other variants in a single
screening test.16 HPLC is a sensitive, specific and
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Figure-I: Beta Thalassemia Variant Chromatograph By
EZChrom Elite on Agilent 1220 Infinity LC
The above figure shows a typical chromatograph dipicting
HbA1c, HbF, HbA0 and HbA2 peaks obtained using
EZChrom Elite software on Agilent 1220 infinity LC
HPLC system.
Hemoglobin variants
Number (%)
HbA1c
8 (0.14)
HbF
39 (0.70)
HbA0
26 (0.47)
HbE
25 (0.45)
HbA2
29 (0.52)
HbD
19 (0.34)
HbS
25 (0.45)
HbC
25 (0.45)
Table-I: Frequency of hemoglobin variants identified in
analysis
N= 55
Beta-thalassemia
Beta-thalassemia
Major
Carriers
(n=18)
(n=37)
Mean ± 2S.D
Mean ± 2S.D
Hb
4.31 ± 0.23
10.83 ± 0.88 gms/dl
RBC
3.15 ± 0.48
5.1 ± 0.34 X 1012/L
MCV
58.55 ± 2.08
74.32 ± 4.48 fl
MCH
14.94 ± 0.88
20.97 ± 0.28 pg
MCHC
26.61 ± 2.16
k26.83 ± 1.58 gms/dl
Table-II: Hemoglobin (Hb), Red blood cell (RBC) count,
Red cell indices (MCV, MCH, MCHC) in β thalassemia
majors and carriers.
Here N stands for Total number of patients; MCV for
Mean Corpuscular Volume; MCH for Mean Corpuscular
Hemoglobin and MCHC for Mean Corpuscular
Hemoglobin Concentration.

reproducible and less time consuming method, hence
it is an ideal for routine clinical laboratory analysis of
thalassemia screening.17 Beta-thalassemia, being the
major concerns of our study so quantization of HbA2

and HbF levels by HPLC was of prime importance in
our laboratory where facilities for genetic studies are
available.
Identification
of
beta-thalassemia
is
often
presumptively based on a characteristic of red blood
cell count, red cell indices, and raised levels of HbA2
and unbalanced globin chain synthesis in an
individual of an appropriate ethnic origin. Family
studies are of importance in elucidating this inherited
disorder of Hb synthesis.8 Beta-thalassemia trait
formed the largest sub group of abnormal hemoglobin
(8.9%). The characteristic hematological findings in a
typical case of beta-thalassemia trait include
microcytosis with raised RBC counts. Hemoglobin
rate is quite reduced than normal. The mutations
common in an Indian setting include IVS1-5(G-C),
619 bp deletion, IVS 1-1(GT), CD8/9(+G), CD41/42
(-CTTT), CD15 (G-A), CD30 (G-C).18 HbA2 levels
>7% are usually seen with being the major concern in
this study. Quantification of HbA2 and HbF along
with other variant levels by HPLC was of prime
importance in our laboratory where facilities for
genetic studies for thalassemia are available. In our
study HbF frequency was higher 39 (0.70) in both
beta-thalassemia major and carrier. Presence of HbF
and HbA2 is useful for detection of homozygous betathalassemia variants. HbA0 and HbA2 traits were
found in 26 cases (0.47) and 29 cases (0.52)
respectively.
Detection of other variants becomes important due to
complex interactions in cases with double
heterozygous and homozygous states, which may lead
to severe hematological abnormalities. Findings must
be supplemented by hemogram findings, family/
sibling studies, hemoglobin electrophoresis, other
confirmatory techniques and molecular studies based
on HPLC findings and on a case-to-case basis.
CONCLUSION
The hallmark of classical beta-thalassemia is the
presence of an elevation of HbA2 and HbF, where the
recommended method of measurement is done by
automated HPLC. HPLC forms a rapid, accurate and
reproducible tool for early detection and management
of hemoglobinopathies and thalassemia. This is
especially important in view of high incidence of
beta-thalassemia. Early detection of traits will prevent
occurrence of thalassemia major in offspring.
Detection of other variants becomes important due to
complex interaction in cases with heterozygous and
homozygous states which may lead to severe
hematological abnormalities. Due to high prevalence
of Hemoglobin disorders, premarital screening
routinely has been done for prevention of high risk
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marriages. The present study conducted using HPLC
reflects the magnitude of hemoglobinopathies and
thalassemia in a hospital based small population
which may be in fact the tip of an iceberg, but this
type of study can definitely help to increase awareness
among patients suffering from these disorders.
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