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Abstract
The hemoglobin inherited disorders are one of the com-
monest single-gene disorders in man. Frequency of carriers 
of hemoglobinopathies varies from 3 to 17% in India. It is 
estimated that around 5.35% in India are the trait of Sickle 
cell, hemoglobin D, and hemoglobin E. However, the defi-
nite identification of disorders of hemoglobin synthesis can 
be achieved only by DNA analysis. In Indian scenario, fam-
ily studies can be equally efficacious and cost-effective tool 
on HPLC and might be useful. This is a prospective study 
of 28 months. Total 37 families comprising of 114 family 
members were studied. Patients attending OPD and indoor 
admissions of institute with anemia, hepatosplenomegaly, 
showing sickling test and/or fetal fraction positive were in-
cluded in the study along with their family members.

Our study reported 11 cases of β-thalassemia major, 16 
cases of Sickle- β-thalassemia, 7 cases each of sickle cell 
disease and Hb-E trait, 4 cases of Hb-E β-thalassemia, 2 
cases of Hb-Lepore trait along with 41 cases of β-thalas-
semia trait, 20 cases of Sickle cell trait and 1 case of β-thal-
assemia intermedia from the study population.

To detect “asymptomatic traits”, for early diagnosis of vari-
ants presenting late in life, for accurate diagnosis of com-
plicated heterozygotes in absence of molecular studies and 
prevention of propagation of hemoglobinopathies in families 
by prudent premarital and prenatal studies, family studies 
are indispensable. Community based targeted family stud-
ies along with HPLC can be an effective tool in reduction of 
disease burden.
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ST: Scheduled Tribes; HbA: Adult Hemoglobin; HbF: Fetal 
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clusive Crisis; ACS: Acute Chest Syndrome; BMA: Bone 
Marrow Aspiration; fl: Femtolitres; Hb: Hemoglobin; HbA2: 
Delta Hemoglobin; HCT: Hematocrit; RDW: Red Cell Distri-
bution Width; Retic: Reticulocyte

Introduction
The inherited disorders of blood include haemoglo-

binopathies together of the main public health prob-
lems in India. It has been estimated that there would be 
about 45 million carriers and about 15,000 infants born 
each year with haemoglobinopathies in India. The car-
rier frequency of haemoglobinopathy varies from 3 to 
17% in several population groups of India. Thus, there 
is an incredible amount of burden of haemoglobinopa-
thies in India. The prevalence of sickle cell gene is found 
to be 0 to 18% in North East India, 0 to 33.5% in West-
ern India, 22.5 to 44% in Central India and 1 to 40% in 
Southern India. Gene frequency of Hbs varies between 
0.031 to 0.41%, wide variability in the prevalence of 
Hbs trait is observed in population groups within small 
geographical areas [1,2].

Original Article

Check for
updates

https://doi.org/10.23937/2469-5807/1510110
https://doi.org/10.23937/2469-5807/1510110
http://crossmark.crossref.org/dialog/?doi=10.23937/2469-5807/1510110&domain=pdf


ISSN: 2469-5807DOI: 10.23937/2469-5807/1510110

Garje et al. Int J Pathol Clin Res 2020, 6:110 • Page 2 of 5 •

Haematological parameters: Hb, Hct, MCV, MCH, 
MCHC, and RDW were obtained using Cell-Tech is an 
automatic multi-parameter blood cell counter. Sickling 
test, Solubility test, Fetal fraction and reticulocyte count 
were performed. Peripheral blood smear examination 
was done to evaluate red cell morphology.

Standard method: Primary screening for hemoglob-
inopathy was done with the help of BIO-RAD VARIANTS 

[5], β-thalassemia short program cation-exchange High 
Performance Liquid Chromatography, which works on 
the principle of separating the positively charged hae-
moglobin by adsorbing them to a negatively charged 
stationary phase and eluting them with a mobile phase 
at a rate related to their affinity for the stationary phase. 
Interpretation of the migration pattern of the test sam-
ples was undertaken by comparing them to those of 
known adult as well as fetal controls.

Laboratory and clinical data correlation
Clinical findings were correlated with radiological in-

vestigations like USG abdomen, X-ray chest and X-ray 
hip joints were done and other specific investigations 
as and when required. Hematological parameters and 
HPLC pattern were analyzed and conclusive diagnosis 
could be given in most of the cases. Intermediate cases 
were further investigated with the study of family mem-
bers accompanying the cases to confirm the diagnosis 
and to determine ethnic background.

Results
In the present study 1260 patients were screened 

who were suspected cases of hemolytic anemia, out of 
which 600 (47.65%) patients were having hemoglob-
inopathy and 660 (52.38%) were normal. Amongst them 
we have selected 37 families for study of hemoglob-
inopathies which comprises of total 114 family mem-
bers. Out of 114 members 111 members were found to 
have hemoglobinopathies and 3 of them were normal.

Classification of cases
The cases are grouped according to complete he-

matological workup, HPLC study and family study cases 
are classified as: Group-A Sickle Cell Trait (SCT), Group-B 
Sickle Cell Diseases (SCD), Group-C Beta Thalassemia 
Trait (BTT), Group-D Beta Thalassemia Major (BTM), 
Group-E Beta Thalassemia Intermedia (BTI), Group-F 
Sickle Cell - Beta Thalassemia (SBT), Group-GHbE Trait, 
Group-HHbE - Beta Thalassemia, Group-IHbLepore Trait 
(Table 1).

The world health organization (WHO) recognizes 
thalassemia as the most prevalent genetic blood disor-
der in the world, found in more than 60 countries with 
a carrier population of 150 million (Cao and Galanelio), 
approximately 250 million people are heterozygous for 
beta thalassemia and at least 2,000,000 affected homo-
zygotes are born annually, while some other reports 
have shown 3% to 10% of the world’s population carries 
a thalassemia gene. The highest frequency of beta thal-
assemia trait is reported in Gujrat followed by Sindh, 
Punjab, Tamil Nadu, South India, and Maharashtra [3].

Automated cation-exchange High Performance Liquid 
Chromatography (HPLC) has emerged as an excellent 
screening tool for diagnosing these abnormal hemo-
globin’s/thalassemic states. The diagnosis of hemoglo-
bin synthesis disorders can be seen ideally only by DNA 
analysis but, in Indian scenario with paucity of funds 
and resources, family studies on HPLC could be alter-
native tool. Family study is an equally efficacious and 
cost-effective tool [4].

The present study is useful to generate detailed data 
of role of family study in hemoglobin disorders. So that 
health care resources are often successfully targeted at 
them. Carrier identification in family would be useful to 
create awareness and offer them like partner selection, 
prenatal diagnosis, and contraception.

Material and Methods
After the approval of the college and hospital ethical 

committee, the study of Hemoglobin disorders includ-
ing double heterozygosity by High Performance Liquid 
Chromatography (HPLC) was carried out in Department 
of Pathology of a tertiary care hospital from July 2011 to 
November 2013 (2 years and 4 months).

Patient’s selection
All Patients ready to give written informed consent 

and attending OPD/admitted in IPD having anemia, 
hepatosplenomegaly and positive sickling test and/or 
fetal fraction test were considered as target population. 
Their family members were subjected for HPLC.

Patients sample for laboratory testing
With all aseptic precautions, 4 ml of venous blood 

was withdrawn from patients. 2 ml blood was collected 
in 4% K2 EDTA (Ethylene diamine tetra-acetic acid) an-
ticoagulant bulb and from remaining 2 ml; serum was 
separated for further processing. Followings parame-
ters were analyzed.

Table 1: Cases are grouped as follows with the percentage (N = 111).

Group Gr-A Sick-
le Cell 
Trait

Gr-B 
Sickle 
Cell Dis-
eases

Gr-C Beta 
Thal Trait

Gr-D 
Beta 
Thal Ma-
jor

Gr-E 
Beta 
Thal In-
termedia

Gr-F Sick-
le Beta 
Thal

Gr-G 
HbE 
Trait 

Gr-H 
HbE 
Beta 
Thal

Gr-I 
HbLepore 
trait

Total

No. of 
Cases

20

(18.01%)

7

(6.3%)

43

(38.73%)

11

(9.9%)

1

(0.9%)

16

(14.41%)

7

(6.3%)

4 (3.6%) 2 (1.8%)

111
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mon ethnic background among all the groups followed 
by Muslims (17%). In HbE-β thalassemia cases, most 
common ethnic background was Buddha followed by 
Muslim.

Majority of the cases presented clinically with Pal-
lor i.e 33 cases (41%) next common presentation was 
abdominal pain. Other clinical features were jaundice, 
hemolytic facies, and abdominal pain (Figure 1).

Distribution of index cases with splenomegaly and 
hepatomegaly

Out of 37 cases 19 cases presented with Splenomeg-
aly. Out of 19 cases 10 cases were found in 0-10 years 
age group followed by 7 cases in 11-20 years age group. 
So, the maximum cases of Splenomegaly were found in 
first decade.

Maximum cases of hepatomegaly were found in first 
decade of life (66%) of which maximum No. of patients 
with hepatomegaly were found in Group-D (BTM).

Mean hematological parameters in all age groups

Lowest Hb was found in Group D i.e. Beta thalas-
semia major and highest level of Hb was found in Group 
F i.e. Sickle Beta thal. Lowest RBC count was found in 
Group D i.e. Beta thalassemia major and highest RBC 
count was found in Group F i.e. Sickle Beta thalassemia. 
Lowest MCV was found in Group D i.e. Beta thalassemia 

Sampling limitation
Patients whose blood sample was not accompanied 

by family members’ blood sample were not included in 
the study. Family member’s blood sample was not ac-
companied at the department due to distance, remar-
riage, death, and poor socioeconomic status, reluctance 
in father, lack of awareness, misconceptions, alcoholic 
father and psychological reasons.

Age and sex wise distribution of cases among all 
the groups

Maximum cases (41) of group C (β thalassemia’s 
trait) of which 19 cases are seen in 21-30 years of age, 
single case each seen in 51-70 years of age, followed 
by group A (sickle cell trait) 22 cases are seen in which 
more cases in 21-30 years of age, and group F (sickle β 
thal) in which 16 cases of which 6 cases are seen in 11-
20 years of age.

In Group-A i.e. sickle cell trait No. of male patient are 
12 and female patient 8 with M: F ratio 1.5:1, followed 
by in Group-C i.e. Beta Thal Trait No. of male patient 21 
and female patient 20 with M: F ratio 1.05:1, in Group-F 
i.e. Sickle Beta Thal No. of male patient 8 and female 
patient 8 with M: F ratio 1:1.

In the study out of 37 family’s history of consanguin-
ity was present in 11 (29.72%) families. Caste wise dis-
tribution of families, Buddha (44%) was the most com-

     

Figure 1: Bar Diagram: Showing clinical presentation of index cases among all groups.
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were 11 families out of 37 (29.72%) showing history of 
consanguinity. Consanguinity is commonly practiced in 
Buddha and Muslim communities.

In the present study splenomegaly was found in 2 
(28%) patients of sickle cell disease. In the Beta thal-
assemia major patient’s splenomegaly was found in 5 
(45.45%) patients. In the Sickle beta thalassemia pa-
tient’s splenomegaly was found in 8 (50%) patients. In 
the HbE beta thalassemia patient’s splenomegaly was 
found in 3 (75%) patients. Tyagi, et al. in their study on 
sickle cell syndrome, found that pallor (62.5%), jaundice 
(75%), painful crisis (62.5%) and leg ulceration (25%) 
were more frequent in sickle cell disease than in double 
heterozygous Sβ Thal patients [7]. They also found that 
the frequency of splenomegaly was significantly higher 
(75%) in patients with Sβ Thal than Sickle cell disease. 
Panigrahi I, et al. in their study on HbE β Thal patients 
found pallor as the commonest feature (100%), spleno-
megaly in 74% cases, hepatomegaly in 65% cases, jaun-
dice in 57% cases [14]. Shah SJ, et al. reported - 35 out of 
35 cases with pallor (100%), 31 cases with splenomegaly 
(88.6%), 25 cases with hepatomegaly (71.4%) and 8 cas-
es with icterus (22.9%) [15]. RS Balgir, et al. found sple-
nomegaly in 17.1% of cases. Splenomegaly is higher in 
patients with Sβ thalassemia than SS disease [6]. Patel 
DK stated that persistent gross splenic enlargement is 
peculiarity of Indian sickle disorder patients [12].

Hematological parameters
Present study means hematological parameters in 

all Age groups: In the study of various authors, it is ob-
served that low hemoglobin levels in thalassemia major 
are < 7 g%. Similar was the finding in present study with 
thalassemia major group showing low hemoglobin lev-
els (mean 4.5 g%) as compared to other groups. Similar-
ly, hemoglobin levels in sickle beta thalassemia were < 
10.1 g%. In the present study mean hemoglobin levels 
in sickle beta thalassemia were 6.96 g%. Hemoglobin 
levels in Hb-E beta thalassemia were found to be < 6.56 
g%. In the present study the mean hemoglobin level in 
Hb-E beta thalassemia was found to be 5.5 g% [7,14-17].

In the present study the HbF level in Beta thalas-
semia major was high > 90% as compared to the other 
studies in which it was quite variable < 90%. This may be 
due to the reason that the cases included in the present 
study did not receive any blood transfusion [17-21].

In the study of Ambekar SS, Rao S, et al. C Vani and 
S Mamta and in the present study the Hb S levels were 
> 60% (except in Dangi, et al. study). In all the above 
studies the average Hb F levels were high > 15%, in the 
present study it was 16.99%. The average HbA2 level in 
present study was 5.48% [11,19,20,22].

In all the studies Fucharoen S, et al. Sachdev R, Rao S, 
C Vani, et al. Jha BM, et al. in Hb-E beta thal patients, av-
erage HbF levels were above 15%. In the present study 
HbF level was (15.35). Average HbE variant levels were > 

major and highest MCV was found in Group B i.e. Sick-
le cell disease. Lowest MCH was found in Group H i.e. 
HbE-Beta thal and highest MCH was found in Group B 
i.e. Sickle cell disease.

Discussion
In the present study of total 114 members of 37 

families, the average age of presentation of sickle cell 
disease was 11.28 years, β-thal major was 2.31 years, 
sickle β-thal was 19.12 years and Hb-E β-thal was 24.5 
years. Similar findings were observed by R.S Balgir and 
Tyagi, et al. [6,7].

Out of 7 cases of sickle cell disease, 6 were male and 
1 was female, 11 cases of β-thal major, 8 were male and 
3 were female, 16 cases of sickle β thal 8 were male and 
8 were female and 4 cases of Hb E β thal 3 were male 
and 1 was female. Similar observation was made by R.S 
Balgir & Tyagi, et al. [6,7].

Pallor is the most common clinical presentation ob-
served in sickle cell disease patients (100%), Beta thal 
major (100%) and HbE Beta thal (100%) in this study. 
Abdominal pain was the next most common presen-
tation in sickle cell disease (42.85%), Beta thal major 
(54.54%), Sickle beta thal (43.75%), HbE beta thal (50%), 
similar findings were seen by R.S Balgir & Tyagi, et al. 
[6,7], except they observed vaso-occlusive crisi 31% and 
81.3% respectively.

In the present study the most commonly sickle cell 
disease affected ethnic group is Buddha followed by 
banjara and muslim. Most common Beta thalassemia 
affected ethnic group is Buddha followed by muslim. 
Most common Sickle beta thalassemia affected ethinic 
group is Buddha followed by muslim and banjara. Most 
common Hb-E Beta thalassemia affected ethnic group is 
Buddha followed by muslim. Kate SL reported high prev-
alence amongst SC, ST and OBC in State of Maharashtra. 
Kamble M, Chaturvedi P observed maximum incidence 
of sickle hemoglobinopathy in Mahars (70%) followed by 
Kunbhis (8%) and Telis (6%) [8,9]. Bhatia and Rao found 
prevalence of sickle cell disorder is very high amongst 
tribal and scheduled caste population group where car-
rier frequencies range between 5-40% or more. Dangi, 
et al., found Muslims, Sindhis and Tribal population the 
major carriers of sickle gene [10,11].

Patel DK had quoted that, in India the practice of en-
dogamy and consanguineous marriages are very com-
mon, and since β-thalassemia and hemoglobin S (HbS) 
are relatively frequent in India, compound heterozygos-
ity for these two disorders (βS/ β-thalassemia), usually 
expressed in a severe type of disease, is not rare [12].

Tariq HA narrated that, the main factor, which may 
increase or decrease the risk of having an affected child, 
is the parents’ relationship. The risk of hemoglobinop-
athies increases with consanguineous marriages. This 
is because all the hemoglobinopathies are transmitted 
only through heredity [13]. In the present study there 
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disorder in the state of Maharashtra. Int J Hum Genet 2: 
161-167.

9.	 Kamble ÁM, Chaturvedi P (2000) Epidemiology of sickle 
cell disease in a rural hospital of central India. Indian Pedi-
atr 37: 391-396.

10.	Bhatiya HM, Rao VR (1987) Genetic Atlas of the Indian 
Tribes. Institute of Immunohematology (ICMR), Bombay, 
India.

11.	Dangi CBS, M Sajid, GK Sawke, J Ambhore (2010) Sick-
le cell hemoglobinopathies in district Bhopal. Indian J Hum 
Genet 16: 100-102.

12.	Patel DK, Epidemiology & clinical aspects of sickle cell dis-
ease in India.

13.	Tariq HA (2004) Sickle cell trait; prevalence among primary 
school children in Makkah city. The professional 11: 197-
202.

14.	Panigrahi I, Agarwal S, Gupta T, Singhal P, Pradhan M 
(2005) Hemoglobin E-beta thalassemia: Factors affecting 
phenotype. Indian Pediatr 42: 357-362.

15.	Shah Sejal J, Chauhan Sanjay C, Rathod Hitesh K, Patel 
Amul B, Sharma Vaibhavi Y (2012) A profile of cases of 
hemoglobinopathies at a Medical college. National Journal 
of Medical Research 2: 137-140.

16.	Jha BM, Bhavna Gamit, Jitendra Patel, Kunal J Prajapati 
(2012) Hemoglobin E disorders in South Gujarat: A study of 
35 cases. Nat J Comm Med 3: 66-70.

17.	Patel J, Patel A, Patel J, Kaur A, Patel V (2009) Prevalence 
of haemoglobinopathies in Gujarat, India: A cross-sectional 
study. The Internet Journal of Hematology 5.

18.	Gonzalez-Redondo JM, Stoming TA, Lanclos KD, Gu YC, 
Kutlar A, et al. (1988) Clinical and genetic heterogeneity in 
black patients with homozygous beta-thalassemia from the 
southeastern United States. Blood 72: 1007-1014.

19.	Rao S, Kar R, Gupta SK, Chopra A, Saxena R (2010) 
Spectrum of haemoglobinopathies diagnosed by cation ex-
change-HPLC & modulating effects of nutritional deficiency 
anaemias from north India. Indian J Med Res 132: 513-519.

20.	Chandrashekar V, Soni M (2011) Haemoglobin disorders in 
South India. ISRN Hematol 2011: 1-6.

21.	Tantawy AA, Andrawes NG, Ismaeil A, Kamel SA, Emam 
W (2012) Prevalence of Xmnl Gγ polymorphism in Egyp-
tian patients with β-thalassemia major. Ann Saudi Med 32: 
487-491.

22.	Ambekar SS, Phadke MA, Balpande DN, Mokashi GD, 
Khedkar VA, et al. (2017) The prevalence and heterogene-
ity of beta thalassemia mutations in the Western Maharash-
tra population: A hospital based study. Ind J Hum Genet 1: 
219-223.

23.	Fucharoen S, Winichagoon P, Wisedpanichkij R, Sae-
Ngow B, Sriphanich R, et al. (1988) Prenatal and postna-
tal diagnoses of thalassemias and hemoglobinopathies by 
HPLC. Clin Chem 44: 740-748.

40% in all the above studies, in the present study it was 
43.97% [11,14,18,22,23].

Our findings thus support that HPLC family studies 
is cheap, easily accessible, and equally efficacious com-
pared to genetic studies. Family studies also help in 
premarital counselling and hence offer chances of like 
partner selection.
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