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Abstract: Haemoglobinopathies are the common genetic disorders of
haemoglobin.Identification of these disorders are immensely important
epidemiologically. HPLC-The bio-rad variant-II haemoglobin testing system is a totally
automated Ce-Hplc–(Cation Exchange High Performance Liquid Chromatography)
instrument for routine identification and quantification of normal and abnormal
haemoglobin. To monitors and understands the natural history of haemoglobinopathies
in southern Odisha in paediatric age group. To report the cases of rare variants of
haemoglobin found in the population of Southern Districts of Odisha. To assess the
accuracy and precision of diagnosis of haemoglobinopathies by HPLC and its possible
advantage over conventional techniques. A total of 435
blood samples of
MICROCYTIC HYPOCHROMIC ANAEMIA cases were analysed referred from
different peripheral hospitals of SOUTHERN part of Odisha state for a period of two
years (2015-2017). 2 ml of iv blood samples were collected after obtaining
informed consent from each individual. Haematological indices were measured using
automated cell counter (SYSMEX-Xt 2000i) and HPLC (BIO-RAD VARIANT-II).
Background data of each individual were recorded like age, sex ,caste, place of
origin and consanguinity etc.Haemoglobin electrophoresis were carried
out on
agarose gel in Tris-EDTA-borate buffer at PH-8.9 and sickling test were carried out
.Hb electrophoresis in acidic medium PH-6.2 was also carried out to confirm the
presence of HbD or HbE band. Family studies were carried out for confirming the
disease. Out of 435 cases 257 cases came to be positive. Sickle cell disease(23.2%),
Sickle cell trait(17.9%), B-thalassemia trait(6.8%), Sickle cell-b-thalassemia(5.2%),
Beta-thalassemia major(2.9%), HPFH (0.9%), Alpha-thalessemia-(0.6%), Bthalassemia intermedia-(0.6%), Lepore-heterozygote-(0.2%), Delta-b thalassemia(0.2.%), E-B-thalassemia-(0.2%), The paediatric population is harbouring almost all
major haemoglobinopathies. sickle cell anaemia has higher incidence in neonatal age
group followed by sickle cell trait more prevalent in childhood.HPLC is a rapid and
reliable technique for identification of various haemoglobin fractions.
Keywords: Haemoglobinoathies, electrophoresis, HPLC.

INTRODUCTION
The haemoglobinopathies are group of
inherited diseases that are classified based on the
presence of structurally abnormal haemoglobin (Hb)
such as haemoglobins S, C, D and E, and/or one or
more globin chain disabilities, known as thalassemias
[1]. Henderson et al. [2]. These pathologies are
included among the most common genetic diseases in
the world, with an estimated prevalence of 7% of the
worldwide population [3].
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It has been estimated in india, 0.37/1000
fetuses have a Hb disorder [4]. The disorders of
haemglobin frequently encountered in India are beta
thalassemia, HbE-thalassemia, HbD, HbE and sickle
cell anaemia.The prevalence of HbE in our country is
estimated to be approximately 1.1% [5]. Woldwide Hb
disorders are responsible for 3.5% mortality in children
below 5 years of age[6]. World Health Organization
figures estimate that 5% of the world populations are
carriers of a potentially pathological haemoglobin (Hb)
gene [7]. The general incidence of thalassemia trait and
sickle cell haemoglobinopathy in india varies between
2316
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3-17% and 1-44% respectively but because of
and peripheral blood examination were done in all
consanguinity and caste and area endogamy, some
cases. Sickling test was done. In all abnormal cases
communities show a very high incidence, making this
family studies were carried out. CE- HPLC was
group of disease a major health problem in our country
performed in all cases. Specimens were drawn into
[8].
tubes containing dipotassium EDTA. All specimens
were assessed by the Bio – Rad Variant HPLC system
The Bio – Rad Variant Haemoglobin Testing
with the use of the Variant Beta – Thalassaemia Short
system(Bio – Rad Labs, Hercules, CA), is a totally
Program Recorder Pack (Bio – Rad Laboratories,
automated CE – HPLC instrument for routine
Hercules, CA) as described in the instrument manual
quantification ofHbA2, HbF and any other abnormal
for the assay. After collection, the samples were stored
Hb variant. The Bio Rad variant ―Beta Thalassaemia
at 2-8°C and tested within one week of collection Each
Short‖ program uses cation exchange HPLC to
analytical cycle, from sampling to printing of results
separate and elucidate the relative percentages of
takes about 6.5 minutes. The instrument calibration
haemoglobin variants in whole blood. We use HPLC
was done by loading the method parameter via a read –
as
a
routine
method
for
diagnosis
of
only memory (ROM) card provided with each set of
haemoglobinopathies in this centre. We also evaluated
reagent kit together with a matched set of calibrators
if this method has advantages over the conventional
and reagents. Care was taken to keep the RT of HbA2
techniques [9].
as 3.65 + 0.05 minutes and total area between
10,00,000 – 30,00,000 microvolt seconds [10]. All
cases showing ‗unknown peaks‘ and other rare
MATERIALS AND METHODS
The present study was carried out over a two
haemoglobin variants on HPLC were further analyzed
year period in the department of pathology MKCG
by agarose gel electrophoresis at alkaline pH (8.6) and
medical college hospital. A total of 435 patients of
at acid pH (6.0).
anaemia with suspected haemoglobinopathies were
investigated. The age group of patients ranged from 1
RESULTS
month to 15 years. CBC, red blood cell (RBC) indices
Table-1: Incidence of haemoglobinopathies
CLINICALLY
HAEMATOLOGICAL NORMAL
DIAGNOSED/SUSPE LY PROVEN CASES
STUDIES
CTED CASES OF HB
DISORDER
435
257
178(40.9%)

PERIOD

SEP 2016AUG 17

A total of 435 cases (245 male children and
190 female children) were included in the present
study. The age group of the patients ranged from 1
month to 15 years with a mean of 13.18 years and
median of 12 years. Out of these, 257 cases displayed

S.NO
1
2
3
4
5
6
7
8
9
10
11

DISEASESED
(positive)

PERCENT
AGE

257

59.1%

abnormal hemoglobin fractions on HPLC.Of the total
257 cases of hemoglobin disorders, 105 were females
and 152 males with a Male: Female ratio of 1.3:1. The
pattern of abnormal Hb distribution observed is
depicted in Table 2.

Table-2: Spectrum of haemoglobinopathies in paediatric population
HAMOGLOBIN PATTERN
PATIENTS TOTAL- 435
HB DISORDERS
N=257
PERCENTAGE(%)
SICKLE CELL DISEASE
101
23.2
SICKLE CELL TRAIT
78
17.9
B-THALASSEMIA TRAIT
29
6.8
SICKLE-B-THALASSEMIA 23
5.2
B THALASSEMIA MAJOR 13
2.9
B-THAL INTERMEDIA
3
0.6
ALPHA THALASSEMIA
3
0.6
E-B-THALASSEMIA
1
0.2
DELTA-B-THALASSEMIA 1
0.2
LEPORE
1
0.2
HPFH
4
0.9
NORMAL
178
40.9

In the present study, 101(23.2%) cases came
up with sickle cell anaemia, 78(17.9%) cases had
Available online: http://saspublisher.com/sjams/

sickle cell trait, 29 (6.8%) had b-thalassemia trait,
23(5.2%) s-b thalassemia, 13(2.9%) beta thalassaemia
2317
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major ,1 case of HbE -beta thalassemia(0.2%) , 4 cases
Hb concentration in sickle cell heterozygous
had HPFH (0.93%), 3(0.6%) cases of b-thalassemia
(AS) group ranged from 10.01±2.10 g/dL depicted in
intermedia and 1 cases each of delta-b thalasemia and
table 3.Red cell morphology was mostly normocytic
lepore. Remaining 178(40.9%) cases had a normal
normochromic. HbF was mostly normal, with
HPLC pattern. Patients heterozygous for the HbS gene
10(10.92%) patients having a raised HbF (>5.0%). In
showed hereditary persistence of fetal hemoglobin
sickle cell homozygous (SS) group Hb ranged from
(HPFH).
6.68±2.23 g/dL. Only three (3.1%) patients had Hb>11
g/dL. Most of the patients had either normocytic
In our study, most common abnormal
normochromic or microcytic hypochromic blood
haemoglobin fraction observed was HbS, seen in
picture with anisopoikilocytosis. Cases were showing
179(41.1%) patients. Sickling test was positive in all of
total leukocyte counts to be raised reason being
these cases.
increased nucleated RBC‘S and associated infections.

DIAGNOSIS

NO OF
CASES

BTI
BTM
BTT
DBT
EBT
HBH
HPFH
LEPORE
NORMAL
SB0T
SBT
SCA
SCT

3
13
29
1
1
3
4
1
178
1
22
101
78

Table-3: Number, age and rbc indices of all abnormal cases
AGE(YEARS)
HB(g/dl)
MCV(fl)
MCH(pg)

MCHC(%)

RDW-CV

RANGE
0.5-8
0.33-10
0.25-15
0.1
5
1.5-13
0.58-13
15
0.2-15
11
3-15
0.58-15
0.2-15

29.02±5.46
30.52±3.52
30.24±3.82
32.5
29.40
28.05±7.00
32.12±1.62
31.10
31.18±4.25
32.70
31.20±4.00
31.37±2.95
31.79±2.86

25.97±7.48
31.10±7.13
20.21±6.00
17.5
29.40
26.40±16.12
21.85±7.88
29.00
19.44±5.19
22.00
21.14±6.45
22.09±7.75
22.08±42.93

MEAN
3.4
3.44
4.7

5.5
5.27
8.2
8.7
5.4
4.9

5.37±1.78
3.83±0.90
8.32±2.67
7.8
5.80
6.7±4.2
10.05±0.91
9.00
7.81±2.97
5.300
7.73±2.63
6.68±2.36
10.01±2.10

All patients of compound heterozygous for
HbS and β-thalassaemia (Sβ) were anaemic
(Hb=7.73±2.63 g/dL). PBS showed moderate to
marked anisopoikilocytosis. Two cases with mild
anaemia were diagnosed to have compound

DIAGNOSIS
BTI
BTM
BTT
DBTHAL
EBTHAL
HBH
HPFH
LEPORE
NORMAL
SB0T
SBT
SCA
SCT

A2
RANGE
5.4-2.5
5.8-1.0
5.8-3.5
4-0.80
60.70
2.7-1.7
3.4-2.10
10.6
4.0-0.60
4.4
5.7-2.8
6.0-0.9
3.80-2.2

63.9±5.2
72.52±11.5
59.7±8.4
67.75
57.90
67.8±6.9
72.97±2.14
66.80
70.05±13.8
87.2
64.81±9.0
76.06±10.10
68.51±10.45

21.67±3.88
22.28±3.95
19.16±3.17
21
17.10
17.40±1.55
23.47±1.35
22.10
22.65±7.28
28.30
20.61±2.0
25.09±6.11
22.34±3.70

heterozygous for HbS and hereditary persistent of
foetal haemoglobin (HPFH). Parental study of one case
confirmed the diagnosis, while the other case parents
did not turn around.

Table-4: Haemoglobin fractions of all abnormal cases
A0
F
MEAN±SD RANGE
MEAN±SD RANGE
MEAN±SD
3.85±1.1
73-38.60 59.57 ±14.8
7.65-10.4 25.7 ±20.9
3.4±1.2
63.8-0.80 19.5 ±21.2
61.4-7.19 77.0 ±25.9
4.6±0.66
96-7.20
77.8± 20.9
1.03-4.26 9.8± 22.5
2.4±2.2
94-45.30 69.6±34.43
29.7-25.6 27.6-±36.2
60.7
00
8.1
24.20
2.2±0.70
95.290.30 92.7 ±3.46
0.18-.05
0.45± .07
2.7±0.53
89-61.3
79.8-±13.0
4.60-9.2
12.9 ±9.2
10.6
00
00
90.10
2.5±0.41
90-29
90.16±61.68 1.03-0.39 1.81± 5.2
4.4
2.4
11.60
4.05±0.6
63.6-1.10 27.9± 27.9
5.1-2.14
9.5± 9.8
2.7±0.75
61.0-0.80 6.89± 11.6
18.60.708 20.0± 7.0
3.03±2.9
82.3-43.5 56.7-±6.63
2.1-0.44
3.0± 3.8

HbA2 levels of 3.6-9% are diagnostic of βthalassaemia trait (BTT) in an asymptomatic individual
with no or mild anaemia. We got this range of
Available online: http://saspublisher.com/sjams/

S
RANGE
00
00
00
00
00
00
00
00
00
25.7088.9
25.2087.9
6.80-43.1

MEAN±SD
00
00
00
00
00
00
00
00
00
80.90
54.5 ±23.6
69.9 ±11.6
32.66± 6.6

increased HbA2 in 29 patients without any other
significant abnormality in chromatogram. Most of
them had microcytic hypochromic blood picture. Total
2318
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29 patients were diagnosed as BTT. 11 (22.91%)
of 15.2% in the 1st minute (RT=0.39 minutes) was
patients had Hb <9 gm% TABLE 3.
diagnosed as HbH disease. Presence of HbH inclusion
on brilliant cresyl blue stain confirmed the diagnosis.
Thirteen cases were diagnosed as βthalassaemia major (BTM). All presented in their 1st
Hb Lepore trait constituted one case. HbA2
year of life with Hb level ≤6.5 g%. PBS showed
was raised to 10.2% with microcytic hypochromic
marked degree of anisopoikilocytosis with raised
anaemia. Majority of cases of haemoglobinopathy were
RDW, hypochromia, target cells, polychromasia and
from Ganjam followed by Gajapati,kandhamal and
NRBC. HbF levels were high.One patient had similar
phulbani
and
raygada
in
much
smaller
presentation at the age of 7 years with 81.7% of HbF
proportions.Maximum incidence of sickle cell disease
levels was diagnosed as β-thalassaemia intermedia
were reported from ganjam district as 56.9%.Over all
(BTI) on the basis of clinical data.
incidence of thalassemia cases were again highest in
ganjam district as 78.5% followed by kandhamal
HbE elutes in the A2 window. We got one
(9.5%) followed by gajapati district (7.14%) and least
case of compound heterozygous for HbE and βrecorded in phulbani and rayagada areas.sickle cell
thalassaemia (Eβ) showing microcytic hypochromic
thalassemia scored highest in occurance in ganjam
picture. Hb value was 5.8 g%. The PBS showed
district
with 82.6% followed by gajapati and
anisopoikilocytosis with microcytosis, hypochromia
kandhamal Table 5.
and target cells. Three patient having an unknown peak

DISTRICT

Table 5: District-wise distribution of sca, thalassemia disease
SICKLE CELL
THALASSEMIA
SICKLE CELL
DISEASE
HALASSEMIA

Gajapati
Ganjam
Kandhamal
Phulbani
rayagada
Total

64
102
07
03
03
179

35.7%
56.9%
3.9%
1.6%
1.6%

03
33
04
01
01
42

DISCUSSION
India is an ethnically diverse country with
marked regional variation. This diversity is reflected in
the presence of different haemoglobin variants in
different ethnic groups. Moreover, due to migration,
there is constant mixing of people from different
regions. Many of these abnormal variants are of little
clinical significance in heterozygous state, but when
combined with other variants they may give rise to
severe disease, especially the compound heterozygous
disorders (HbSD – Punjab, HbSE, HbS - β
thalassaemia) or unusual variants (HbQ India, HbD
Punjab, HbD Iran), are all clinically significant with
varying degrees of severity, making precise
identification important [11,12].
The haemoglobinopathies and thalassemia are
the most common inherited single gene disorder in
India. Therefore there is always a need for a screening
method which can detect maximum variants. The
identification of haemoglobin variants by conventional
techniques are often presumptive, based on the
electrophoretic mobility of the band, quantification
and/or ethnic origin of the parents. HPLC has the
advantage of quantifying HbF and HbA2 along with
detecting other variants in a single screening test.

Available online: http://saspublisher.com/sjams/

7.14%
78.5%
9.5%
2.3%
2.3%

02
19
02
00
00
23

8.6%
82.6%
8.6%
0.0%
0.0%

In any given population, it is the children that
are both most vulnerable as well as most suitable for
timely intervention and efficacious treatment. It is also
this paediatric age group that genuinely reflects the
challenges we are facing as a society from
hemoglobinopathies.
In the present study, out of 435 clinically
suspected cases, the prevalence of Hb disorders was
found to be 59.5%. This is much higher than 31 cases
out of 105 (29.5%) in the series of cases studied by
Mahapatra et al. [13] in Odisha. Previous two
institutional based studies from Odisha reported
prevalence of 44.2% and 65.7% of Hb disorders
[14,15]. Sarojini et al. [16] (KIIMS ODISHA) in their
study came up with 37.18% of abnormal haemoglobin
fractions which is again lower in prevalence as
compared with our study.
However, there is a wide range of variation in
prevalence of Hb disorders in different parts of India.
Madan et al reported a prevalence of 11.43% in a study
from West Bengal [17]. Two hospital based studies
from Western India got 8.6% and 11.36% of abnormal
haemoglobin variants [18,19]. In the North Indian
population, incidence of haemoglobinopathies was
found to be 12.5% [20]. Baruah et al. noted a high
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prevalence (59.11%) equal to southern Odisha in
cobalamine or folate deficiency may raise HbA2 level.
North-East region [21].
However, Rao s et al. study shows no significant
difference in HbA2 level in patients of BTT with or
HbS was detected in 41.1% patients, which
without concomitant iron deficiency. Thus elevation in
was slightly higher than reported by Balgir et al.
HbA2 level can be used with reliability for diagnosis of
(39.3%)[14], Sarojini et al. [16]. (28.17%) and Dash et
BTT even in the presence of iron deficiency [27,28].
al. (29.0%) [15] From Odisha.
In the present study, the peripheral red cell
Most common abnormal Hb pattern detected
morphology was of help in cases of borderline
in this study was sickle cell anaemia (SA) as 23.21%
elevation of HbA2. In cases of cobalamine and folate
followed by AS (17.90%) and BTT (6.6%). The two
deficiency repeat HPLC were advised after nutritional
above said studies from Odisha found AS to be the
supplement whenever feasible. Cases with normal A2
most common variant followed by SS and BTT
level on repeat HPLC were taken as normal and cases
[14,15]. However, most of the other studies across the
still having raised A2 were diagnosed as BTT.
country reported BTT as the most common variant
Similarly, milder forms of thalassemia or a co[17,18,22,19,20,23,24].
inheritance of delta thalassaemia may also lead to
borderline A2 levels. Genetic studies should be hence
As this was a hospital based study which
advised in cases of dilemma for a conclusive opinion
depends upon presenting complaints and signs and
[20].
symptoms, number of children affected with sickle cell
disease catastrophe outnumbered other haemoglobin
BTM was seen in 13(5%) patients. This was
disorders and thalassemia cases in this study. In
in concordance with the studies conducted by J singh et
contrast, population based studies would show the
al. 2016[24] (4%), Rao s et al. (2.9%) [27].
actual prevalence of various Hb disorders. In spite of
these variations, the high incidence of both AS and
In 2008 patel j et al. stated Thalassaemia
BTT highlights the need for antenatal screening for
intermedia is suspected when a patient presents after 3
prevention of more severe form like BTM, SS and Sβ
years of age or needs fewer blood transfusion [29].
in offspring.
One of our patients presented like major at the age of 7
years and diagnosed as BTI but remaining two cases
The present study also showed a microcytic
presented at 1-2 years of age.
hypochromic blood picture in AS group, which could
be due to associated iron deficiency. High incidence of
In our study, the prevalence of HbE gene was
iron deficiency has been reported in patients with
0.22% (1 case of E-B thalassemia) which is slightly
sickle cell disease from India as reported by Balgir RS
lower than the finding observed by Sarojini et al.
et al.[25] and Sarojini raman et al.[16].
2017(1.63%) and Balgir et al. (1.90%) in the other
regions of Odisha[14,16].
The finding of a raised HbF in some sickle
cell trait patients and normal population was difficult
HbE is the most frequent variant Hb in Asia,
to explain showing increased HbF levels in this
with a significant prevalence in North-East India and
region.Many sickle cell homozygous patients had HbF
Bangladesh. It is a β-chain variant that tends to elute in
>30%. Agarwal et al. said that in Indian subcontinent
A2 window on HPLC. HbE homozygous usually
HbSS patients has slightly higher HbF level, than the
presents with HbE values >70-75% and heterozygous
other parts of the world. The reason for this is that the
with HbE values <40% [20]. Eβ (1) case in present
haplotype of HbS gene, which is prevalent in India, is
study had severe anaemia (Hb≤6.13 g%) with HbA2
the Saudi Arabia/Indian haplotype, that reduces the
=60%. The comparatively high value of HbA2 is
clinical severity of the disease [18,26].
explained by the presence of A2 component of beta
thalassemia, justifying the criteria set for HbE
BTT was the 3rd most common abnormal
hetrozygous A2 levels. Biswas ak et al. [18] said
haemoglobin variant we got which was in concordance
Clinical effects are more severe when HbE is
with the study conducted by Sarojini et
coinherited with β-thalassaemia (Eβ)[18,20].
al.[16]2017.Most of the cases had characteristic
microcytic hypochromic red cells with normal or
Though HPFH homozygous cases have been
slightly reduced Hb and raised RBC count. Raised
reported, we could not find much literature about it.
HbA2 level is the most important abnormal
We diagnosed four cases of mild anaemia as
chromatogram finding helpful for its diagnosis.
herediatary persistence of fetal haemoglobin based on
raised HbF with normal HbA and HbA2. Parental
However, conditions with borderline HbA2
study confirmed the diagnosis in one case. Molecular
need careful interpretation. Nutritional anaemia must
study was advised in the other cases for confirmation.
always be taken into account. A low level of HbA2
may be induced by iron deficiency. Similarly,
Available online: http://saspublisher.com/sjams/
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Other variants detected in the present study
levels with HbA2 values >3.9%, were advised for reincluded one case of Hb lepore (0.2%) and three cases
evaluation on HPLC after iron therapy. 3 of them
of HbH (0.9%). Hb Lepore also elutes in A2 window.
showed normal A2 values and were included in normal
A2 level in the case of Hb lepore in the present study
group. 5 cases with persistent raised HbA2 (>4%) were
was 10.8%. Like Hb Lepore, Hb D Iran also elutes in
diagnosed as BTT. One patient was lost to follow up,
A2 window. A sharp peak in the first minute of elution
were excluded from the study. In a study by madan et
indicates HbH [30]. HbH disease shows considerable
al. a significant decrease in HbA2 levels in thalassemia
variability in clinical and haematological severity.
trait patients are associated with IDA[181,182]. Apart
from IDA, Megaloblastic anaemia will also result in
The present study included 130 cases of sickle
borderline HbA2 levels, the latter returning to normal
cell disorder and thalassemia with organomegaly and
after adequate therapy [37-41].
one case of BTM with typical hemolytic facies. In the
peripheral smear all the cases showed the classical
Analysis of geographical distribution shows
findings but the MCV, MCH values were not
that maximum incidence of haemoglobinopathies were
correlating with the degree of anemia. Also in some
noted in the district of Ganjam (39.6%), which can be
cases of heterozygous condition (carrier), peripheral
explained by this hospital being located in the centre of
smear showed no abnormality except for mild
the district and catering to the whole of Ganjam
microcytic anemia in few cases. So, to detect a carrier
district. Next districts were Gajapati (31.5%) and
status, HPLC is essential.
Kandhamal(18.5%), followed by Phulbani(5.85%) and
Rayagda(5.05%) showing least incidences. In a study
In the present study, history of consanguinous
by Mahapatra et al. [13], maximum incidence of sickle
marriage found in 14 cases was the predominant cause
cell cases was seen in Dhenkanal followed by Cuttack
for the occurrence of double heterozygous cases. 19
and thalassemia was maximum in Balasore and
cases of double heterozygous was reported by Patel
Cuttack district, all of them belonging to coastal belts
D.K et al. [31] and 24 by Tariq H.A et al. [32] stating
of Orissa.
that the main reason for increased incidence of double
heterozygous cases in particular communities like
Amongst haemoglobin disorders in different
Scheduled caste and Muslims is consanguinity.
subdivisions of Ganjam, the maximum incidence was
of sickle cell haemoglobinopathy with 31 cases
Colah R et al. stated that thalassemic
(30.7%) followed by sickle cell thalassemia 10 cases
individuals have a reduced MCV, and other studies
(52.6%) and thalassemia 21 cases (63.6%) were from
have suggested that an MCV of <72 is maximally
Berhampur, followed by hilly subdivision of
sensitive and specific for the presumptive diagnosis of
Bhanjanagar followed by lower incidence in Chatrapur
thalassemia [33, 34]. As per the study by Chopra b s
and Aska subdivisions. From this study it was evident
nair et al. low MCH and MCV are the clues for the
that the sickle cell haemoglobinopathies and
diagnosis of thalassemia [35].
thalassemia‘s are prevalent in coastal as well as noncoastal areas of southern Orissa with more prevalence
It is denoted that thalassemia carriers have
in the hilly tracts.
characteristic hematological parameters with mild or
no anemia with microcytic hypochromic RBCs,
Although Hb electrophoretic technique has
increased red cell counts and normal RDW, and that
several advantage like its being very cost effective,
hemoglobinopathies can be suspected on the basis of
HPLC techniques score over electrophoresis in many
these parameters. This needs to be differentiated from
aspects [42]. It is a rapid method for quantitative
other causes of microcytic hypochromic anemia like
haemoglobin analysis. This technique is uncomplicated
iron deficiency anemia. RDW measures the coefficient
and helpful in identifying haemoglobins which have
of variation and is higher in iron deficiency anemia but
the same mobility on electrophoresis and can run
not in thalassemia, where a uniform microcytic red cell
multiple batches of sample in a small span of time.
population is seen with a normal RDW. The mean red
blood
cell
(RBC)
count
in carriers
of
Although HbE and HbS syndromes could be
hemoglobinopathies was increased and considered a
diagnosed by both HPLC and gel electrophoresis, the
useful diagnostic adjunct because thalassemia patients
use of HPLC helped in further sub – characterization of
have microcytic anemia with an increase in the RBC
these syndromes based on quantification of HbE, HbS
number, whereas other causes of microcytic anemia,
and HbA2 levels. Use of HPLC, also helped in easier
including iron deficiency anemia and anemia of
diagnosis of one cases each of compound heterozygous
chronic disease, are typically associated with a
sickles - β+ thalassaemia, E-b thalassemia and Delta-b
decrease in the RBC number that is proportional to the
thalassemia. Amongst the patients who had Hb band at
degree of decrease in Hb concentration [36].
SDGLepore region in gel electrophoresis and negative
sickling test, one patient was diagnosed as Hb lepore
In the present study eight patients, who were
trait on HPLC.
suspected to have associated IDA and borderline HbA2
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It is thus recommended that in all cases where
In conclusion, the simplicity of sample
Hb migration occurs in SDGLepore region on gel
preparation, accurate quantification of haemoglobin
electrophoresis, HPLC should definitely be performed
concentration combined with complete automation,
for further sub characterization of rare Hb variants
makes HPLC an ideal methodology for the routine
[11].
diagnosis of haemoglobin disorders.
4(a) Alpha thalassemia (HbH ds)

HPLC-CHROMATOGRAMS-4(a) to 4(i)
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4(b) sickle cell anaemia heterozygous
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4(c) sickle cell anaemia homozygous
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4(d) beta thalassemia trait
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4(e) compound heterozygous for HbE and B-thalassemia
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4(f) beta thalassemia major
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4(g) Hbs –b+-thalassemia

Available online: http://saspublisher.com/sjams/

2328

Debi Prasad Mishra et al., Sch. J. App. Med. Sci., Jun 2018; 6(6): 2316-2332

4(h) Sickle-b0 thalassemia
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4(i) delta –b thalassemia
Fig-4: Chromatogram of (a) alpha thalassemia(HBH), (b) Sickle Cell Heterozygous (SA), (c) sickle cell anemia
homozygous(SS) ,(d) beta thalassemia trait, (e) Compound Heterozygous for HbE and βThalassaemia (Eβ), (f) βthalassaemia Major (BTM), (g) HbS -b+ Thalassemia , (h) HbS-b0 thalassemia, (i) delta-beta thalassemia
CONCLUSION
Haemoglobinopathies form a significant
proportion of hereditary disorders in paediatric
population leading to a range of myriad complication,
leading to mortality in large number of afflicted
patients. Most common forms of these include
thalassaemia and sickle cell anaemia. Published
literature includes various reports on screening patient
using HPLC in adults as well as paediatric population.
However, there is paucity of literature on studies on
exclusive paediatric population. In India, where βthalassaemia trait is so rampant, premarital and
antenatal screening should be mandatory to prevent
birth of children with β-thalassaemia major. The
simplicity and rapidity of sample preparation, accurate
quantification of Hb concentration combined with
complete automation, makes HPLC an ideal
methodology for the routine diagnosis of Hb disorders.

Available online: http://saspublisher.com/sjams/

REFERENCES
1. Clark BE, Thein SL. Molecular diagnosis of
haemoglobin disorders. International Journal of
Laboratory Hematology. 2004 Jun 1;26(3):159-76.
2. Henderson S, Timbs A, McCarthy J, Gallienne A,
Van Mourik M, Masters G, May A, Khalil MS,
Schuh A, Old J. Incidence of haemoglobinopathies
in
various
populations—the
impact
of
immigration. Clinical biochemistry. 2009 Dec
1;42(18):1745-56.
3. Manca L, Masala B. Disorders of the synthesis of
human fetal hemoglobin. IUBMB life. 2008 Feb
1;60(2):94-111.
4. Borgna C, Galanello R. Thalassemias and related
disorders: quantitative disorders of hemoglobin
synthesis. 2004.
5. Moorchung N, Phillip J, Sarkar RS, Prasad R,
Dutta V. Is high pressure liquid chromatography
an effective screening tool for characterization of
molecular defects in hemoglobinopathies?. Indian
2330

Debi Prasad Mishra et al., Sch. J. App. Med. Sci., Jun 2018; 6(6): 2316-2332
Journal of Pathology and Microbiology. 2013 Jan
Chromatography (HPLC) in rims (a premier
1;56(1):36.
institute of Jharkhand). JOURNAL OF
6. Philip J, Sarkar RS, Kushwaha N. Microcytic
EVOLUTION OF MEDICAL AND DENTAL
hypochromic anemia: Should high performance
SCIENCES-JEMDS. 2016 Jun 9;5(46):3029-33.
liquid chromatography be used routinely for
20. Sachdev R, Dam AR, Tyagi G. Detection of Hb
screening anemic and antenatal patients?. Indian
variants and haemoglobinopathies in Indian
journal of pathology and microbiology. 2013 Apr
population using HPLC: report of 2600 cases.
1;56(2):109.
Indian J Pathol Microbiol 2010;53(1):57-62.
7. WHO-Executive Board EB118/5, 118 th Session
21. Baruah MK, Saikia M, Baruah A. Pattern of
Report by the Secretariat on thalassemia and other
haemoglobinopathies and thalassaemias in upper
hemoglobinopathies:
Prevalence
of
Assam of north eastern India: high performance
hemoglobinopathies. 11 May 2006. p. 1-8.
liquid chromatography studies in 9000 patients.
8. Balgir RS. Spectrum of hemoglobinopathies in the
Indian J Pathol Microbiol 2014;57(2):236–43.
state of Orissa, India: a ten years cohort study.
22. Gupta PK, Kumar H, Kumar S, Jaiprakash M.
JAPI. 2005 Dec 1;53:1021-6.
Cation exchange high performance liquid
9. Lt. col PK Gupta(Retd), col H kumar, Lt Col S
chromatography
for
diagnosis
of
Kumar, Brig M jaiprakash: cation exchange High
haemoglobinopathies. Medical Journal Armed
roble performance liquid chromatography for
Forces India. 2009 Jan 1;65(1):33-7.
diagnosis
of
hemoglobinopathies:
MJAFI
23. Chaudhury SR, Roy H, Bhattacharyya NK,
2009:65;33-37
Mondal PK, Biswas PK, Roy S. Spectrum of
10. Setianingsih I, Harahap A, Nainggolan IM. Alpha
hemoglobin variants in Eastern Indian population;
thalassaemia in Indonesia: phenotypes and
a study of 14,145 cases. Al Ameen J Med Sci.
molecular defects. InTropical Diseases 2003 (pp.
2013;6(3):243-8.
47-56). Springer, Boston, MA.
24. Mondal SK, Mandal S. Prevalence of thalassemia
11. Steinberg MH. Compound heterozygous and other
and hemoglobinopathy in eastern India: a 10-year
sickle
hemoglobinopathies.
Disorders
of
high-performance liquid chromatography study of
hemoglobin: genetics, pathophysiology, and
119,336 cases. Asian journal of transfusion
clinical management. 2001:786-810.
science. 2016 Jan;10(1):105.
12. Dash S.HbA2 in subjects with HbD. Clin Chem
25. Balgir RS. The burden of haemoglobinopathies in
1998;44;2381-2
India and the challenges ahead. Curr Sci
13. Suratkar V, Mahapatra S. Solubilization site of
2000;79(11):153647.
organic perfume molecules in sodium dodecyl
26. Agarwal MB. The burden of haemoglobinopathies
sulfate micelles: new insights from proton NMR
in India-Time to wake up?. Journal-Association of
studies. Journal of colloid and interface science.
Physicians of India. 2005 Dec 1;53(C):1017.
2000 May 1;225(1):32-8.
27. Rao S, Kar R, Gupta SK, Chopra A, Saxena R.
14. Balgir RS. Spectrum of hemoglobinopathies in the
Spectrum of haemoglobinopathies diagnosed by
state of Orissa, India: a ten years cohort study.
cation exchange-HPLC & modulating effects of
JAPI. 2005 Dec 1;53:1021-6.
nutritional deficiency anaemias from north India.
15. Dash
NR,
Mohanty
B.
Spectrum of
The Indian journal of medical research. 2010
haemoglobinopathies at a tertiary care hospital in
Nov;132(5):513.
Bhubaneswar, Orissa, India. J of Evidence Based
28. Madan N, Sikka M, Sharma S, Rusia U.
Med & Hlthcare 2015;2(34):5101-6.
Haematological parameters and HbA2 levels in
16. Saroini
Raman,
nageshwar
sahu,urmila
beta-thalassaemia trait with coincident iron
senapati:J.Evolution Med. Dent .Sci/Eissn-2278deficiency. Indian journal of pathology &
4802,Pissn-2278-4748/vol 6/issue11/feb.06,2017.
microbiology. 1998 Jul;41(3):309-13.
17. Mondal SK, Dasgupta S, Mondal S, Das N.
29. Patel J, Patel A, Patel J, Kaur A, Patel V.
Spectrum of thalassemias and hemoglobinopathies
Prevalence of haemoglobinopathies in Gujarat,
in West Bengal: A study of 90,210 cases by cation
India: A cross-sectional study. Int J Hematol.
exchange
high-performance
liquid
2009;5(1):91-7.
chromatography method over a period of 8 years.
30. Wadhwa R, Singh T. Role of HPLC in the
Journal of applied Hematology. 2014 Jul
detection of HbH disease. Indian J Pathol
1;5(3):91.
Microbiol 2011;54(2):407.
18. Biswas
AK,
Philip
J.
Incidence
of
31. Patel DK. Epidemiology & clinical aspects of
hemoglobinopathies and hemoglobin variants
sickle cell disease in India (online) Available from
using HPLC as a diagnostic tool in 6500 anemic
URL:
patients in a tertiary care center in Western India.
http://www.cehmob.org.br/simposio/imagens/dow
Indian J Appl Res. 2016;6:214-8.
nload/palestras/PATEL D Kumar.pdf
19. Banerjee S, Singh RK, Shrivastava RK, Mahto
32. Tariq HA Sickle cell trait; prevalence among
SK. Study of haemoglobinopathies in patients of
primary school children in makkah city. The
anaemia using High Performance Liquid
professional 2004;11:197-202
Available online: http://saspublisher.com/sjams/

2331

Debi Prasad Mishra et al., Sch. J. App. Med. Sci., Jun 2018; 6(6): 2316-2332
33. Colah R, Surve R, Wadia M, Solanki P, Mayekar
P, Thomas M, Gorakshakar A, Dastur A, Mohanty
D. Carrier screening for β-thalassemia during
pregnancy in India: a 7-year evaluation. Genetic
testing. 2008 Jun 1;12(2):181-5.
34. Tyagi S,Dass j,Sharma M. Diagnosis of
thalassemia and hemoglobinopathies. In:Agarwal
MB ,editor. Hematology Today, Mumbai:
Agarwal Publisher; 2010.p.91-101.
35. Chopra BS, Nair V, Gupta PK, Mishra DK,
Sharma A, Mathew OP. Spectrum of
hemoglobinopathies in a tertiary care hospital of
Armed Forces. Med J Armed Forces India.
2008;64(4):311-4.
36. Panda A, Praveen B, Bisht SS. Clinical &
pathological status of haemoglobinopathies among
pregnant women in Southern Orissa. Indian J
Biotechnol. 2009;8(4):456-7.
37. El‐Agouza I, Abu Shahla A, Sirdah M. The effect
of iron deficiency anaemia on the levels of
haemoglobin subtypes: possible consequences for
clinical diagnosis. International Journal of
Laboratory Hematology. 2002 Oct 1;24(5):285-9.
38. Madan N, Sikka M, Sharma S, Rusia U.
Haematological parameters and HbA2 levels in
beta-thalassaemia trait with coincident iron
deficiency. Indian journal of pathology &
microbiology. 1998 Jul;41(3):309-13.
39. Bencaiova G, Burkhardt T, Krafft A,
Zimmermann R. Screening for β-thalassaemia trait
in anaemic pregnant women. Gynecologic and
obstetric investigation. 2006;62(1):20-7.
40. Chan CW, Liu SY, Kho CS, Lau KH, Liang YS,
Chu WR, Ma SK. Diagnostic clues to
megaloblastic anaemia without macrocytosis.
International journal of laboratory hematology.
2007 Jun 1;29(3):163-71.
41. Das Gupta A. Abrogation of macrocytosis in
pernicious anemia by β‐thalassemia does not mask
the diagnosis of vitamin B12 deficiency. American
journal of hematology. 2002 Sep 1;71(1):61-2.
42. De‘gruchy ‗s clinical haematology in medical
practice 2012.

Available online: http://saspublisher.com/sjams/

2332

