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Background: Thalassemias among hemoglobinopathies are major public health problem in India and bear financial bur-
den on health-care systems.
Objective: To identify carriers in the families of index cases and to differentiate types of hemoglobinopathies on the basis 
of red cell parameters.
Materials and Methods: The study was carried out on 1,702 family members and close relatives of 242 clinically proved 
β-thalassemia major patients with different caste and communities. For initial diagnosis of carriers, all the samples were 
subjected to osmotic fragility test and red cell indices by automatic cell counter. If any abnormality were detected, further 
confirmatory tests were carried out by cellulose acetate electrophoresis and HPLC for estimation of HbA2. For compara-
tive analysis of red cell indices between β-thalassemia and other hemoglobinopathies, samples of different hemoglobin-
opathies were collected and complete blood count was carried out.
Result: A total of 629 β-thalassemia carriers were identified among 1,702 family member tested. Hematological data revealed 
that, except red cell distribution width, all red cell indices were statistically significant different between β-thalassemia 
major and minor. Microcytosis and hypochromasia were the common features from the blood samples of β-thalassemia 
minor. Red cell indices from HbE disease, HbE/β-thalassemia, and HbD Punjab showed marked microcytosis. Moderate  
degree of microcytosis and hypochromia were seen in all cases of α-thalassemia, sickle/β-thalassemia, and HbE trait. 
Analysis of hemoglobin from different hemoglobinopathies revealed inconsistency in the presence of percent HbA, HbF, and 
HbA2. Percent HbE (HbE%) in HbE diseased, HbE/β-thalassemia, and HbE trait patients were reported in decreasing order.
Conclusion: It has been concluded that the hematological parameters such as red blood cell count, mean corpuscular vol-
ume, and mean corpuscular hemoglobin were found to be suitable for screening of large population in resource poor areas.
KEY WORDS: β-Thalassemia major, β-thalassemia minor, hypochromia, microcytosis, red cell indices
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the world. Its prevalence is quite high in Southeast Asian 
countries and bear serious public health problem.[1] Approx-
imately 80% of the annual births of babies with these condi-
tions occur in low- or middle-income countries owing to lack of 
resources for their control and management.

In India, the prevalence of β-thalassemia and other hemo-
globinopathies is quite variable, seen in all states and creating 
economic and health burden.[2] However, the data on the prev-
alence of β-thalassemias and other hemoglobinopathies in 
different communities and ethnic groups of India are scarce.

The early detection of asymptomatic carriers of thalas-
semia (heterozygotes) makes it possible to provide genetic 
counseling, which may lead to reduce the incidence of 

Introduction

Thalassemias are the most common inherited autosomal 
recessive disorders of hemoglobin synthesis reported all over 
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is  asymptomatic. Moderate degree of microcytosis and 
hypochromia reported in all cases of α-thalassemia, sick-
le/β-thalassemia, HbE disease, and trait. However, microcyto-
sis was more marked in HbD Punjab and HbE/β-thalassemia 
when compared with other hemoglobinopathies.

A box plot of each hematological parameter was constructed 
and depicted in Figure 1a–d. As compared with other hemoglo-
binopathies, viz., β-thalassemia minor, sickle/β-thalassemia,  
HbE disease, HbE/β-thalassemia, HbE traits, HbD Punjab, 
and α-thalassemia traits (groups 2–8, respectively), β-thalas-
semia major (group 1) showed significant reduction in RBC  
[Figure 1a] and Hb [Figure 1b]. The reverse increasing trend was 

found with MCH [Figure 1d; groups 2–5]. In contrast, homozy-
gous HbE and HbE/β-thalassemia [Figure 1c; groups 4 and 5] 
showed no significant difference in MCV from β-thalassemia  
major (group 1), moreover, HbD  Punjab  [Figure 1e; group 7] 
showed no difference in MCH from β-thalassemia major 
(group 1). On the other hand, insignificant difference was 
found between RDW of β-thalassemia major, β-thalassemia 
minor, HbE disease, and HbD Punjab. Analysis of hemoglobin 
revealed inconsistency in the presence of percent HbF among 
all hemoglobinopathies [Figure 1e]. Decreasing trend of per-
cent HbE (HbE%) was reported between all three HbE cases: 
HbE disease, HbE/β-thalassemia, and HbE trait [Figure 2].

Table 1: Sex-wise hematological data of β-thalassemia major and β-thalassemia minor patients

Parameters β-thalassemia major (n = 242) β-thalassemia minor (n = 629)
Male (n = 136) Female  

(n = 106)
P Male (n = 322) Female  

(n = 307)
P

RBC, 1012/L 3.6 ± 0.6 3.4 ± 0.5 <0.012* 4.8 ± 0.6 4.7 ± 0.5 <0.019*
WBC, 109/L 8.7 ± 2.5 8.6 ± 2.0 >0.06 8.2 ± 1.8 8.2 ± 2.2 >0.792
Hb, g/dL 8.0 ± 1.1 7.8 ± 0.9 <0.041* 9.9 ± 0.9 9.9 ± 0.7 >0.737
Hct, % 26.3 ± 4.6 22.9 ± 2.3 <0.000* 32.6 ± 3.2 32.8 ± 2.0 >0.448
MCV, fL 74.0 ± 8.8 68.1 ± 7.5 <0.000* 68.4 ± 6.5 70.1 ± 8.3 <0.000*
MCH, pg 22.7 ± 2.7 23.0 ± 2.5 >0.363 20.8 ± 2.1 21.3 ± 2.8 <0.006*
MCHC, g/dL 31.0 ± 4.6 33.9 ± 2.8 <0.000* 30.6 ± 3.0 30.5 ± 1.5 >0.630
RDW, % 17.1 ± 1.9 16.5 ± 1.6 <0.019* 15.9 ± 1.9 17.9 ± 1.0 <0.000*
HbA2, % 5.1 ± 1.3 5.3 ± 1.3 >0.257 6.2 ± 1.5 6.2 ± 1.0 >0.956
HbF, % 69.1 ± 14.4 70.0 ± 11.7 >0.610 2.3 ± 1.0 2.1 ± 0.7 <0.038*
HbA, % 25.5 ± 14.6 24.4 ± 12.0 >0.531 87.6 ± 1.5 87.6 ± 2.8 >0.649

*statistically significant

Table 2: Hematological features of different hemoglobinopathies

Parameters Sickle/ 
β-thalassemia  

(n = 24)

HbE  
disease  
(n = 5)

HbE/ 
β-thalassemia  

(n = 2)

HbE trait  
(n = 5)

HbD Punjab 
(n = 6)

α-thalassemia 
trait (n = 13)

P (for overall 
difference)

RBC, 1012/L 4.7 ± 0.5 4.9 ± 0.3 4.0, 4.5 4.6 ± 0.6 4.0 ± 0.2 4.2 ± 0.4 <0.003*
WBC, 109/L 7.7 ± 1.4 7.5 ± 0.9 5.5, 6.1 7.5 ± 0.8 6.0 ± 0.4 7.3 ± 0.8 <0.022*
Hb, g/dL 10.1 ± 0.9 10.3 ± 0.4 8.3, 8.9 12.3 ± 1.1 9.3 ± 0.8 10.4 ± 1.1 <0.000*
Hct, % 37.6 ± 2.2 35.0 ± 1.8 27.9, 31.5 38.4 ± 3.9 28.1 ± 2.1 31.4 ± 2.3 <0.000*
MCV, fL 81.1 ± 8.5 70.5 ± 4.9 68.9, 70.5 84.2 ± 8.7 69.1 ± 3.2 75.2 ± 7.8 <0.001*
MCH, pg 22.1 ± 2.2 21.5 ± 1.0 21.5, 19.8 27.2 ± 3.6 23.3 ± 2.3 24.9 ± 1.3 <0.000*
MCHC, g/dL 27.0 ± 2.2 29.4 ± 1.6 29.7, 28.3 32.1 ± 1.7 33.2 ± 3.3 33.6 ± 4.0 <0.000*
RDW, % 15.5 ± 1.2 16.3 ± 1.0 22.5, 26.4 15.4 ± 0.9 16.5 ± 0.8 15.4 ± 1.3 <0.000*
HbA2, % 6.4 ± 1.0 0.0 0.0 0.3 ± 0.3 1.8 ± 0.4 2.5 ± 0.3 <0.000*
HbF, % 9.3 ± 4.0 6.1 ± 0.7 8.2, 9.6 1.8 ± 0.4 0.8 ± 0.3 0.7 ± 0.2 <0.000*
HbA, % 25.2 ± 7.9 6.0 ± 2.7 40.2, 38.9 68.7 ± 1.7 66.8 ± 2.4 89.3 ± 3.1 <0.000*
HbS, % 58.0 ± 7.4 — — — — — —
HbE, % — 87.7 ± 3.3 48.8, 51.3 28.9 ± 1.4 — — <0.000*
HbD, % — — — — 29.9 ± 2.4 — —

*statistically significant
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homozygous condition and its fatal outcome. Therefore, in 
preventive and control programs, rapid, accurate, and inex-
pensive screening protocols to identify carriers of thalasse-
mias and its variants, especially in population and families at 
risk for Hb disorders, are essential.

Automated cell counters are widely used in routine prac-
tice and are easily available at every diagnostic center; so, 
screening can be done without additional costs. The most 
consistent finding in carriers of β-thalassemia is the com-
bination of a relatively high or normal red blood cell (RBC) 
count with low mean corpuscular volume (MCV) and mean 
corpuscular hemoglobin (MCH) along with normal Hb and 
hematocrit (Hct) values.[3,4] In fact, the MCV alone can iden-
tify a high number of thalassemia carriers in both adults and 
children.[5]

Materials and Methods

The study was undertaken to determine the prevalence of 
β-thalassemia traits and its associated hemoglobin variants in 
Dhule and Nandurbar districts by cell counter-based param-
eters. Ethical approval was obtained by institutional ethics 
committee. During the extended family screening, a total of 
1,702 family members and close relatives of 242 β-thalas-
semia major patients (receiving regular blood transfusion at 
Government Civil Hospital, Dhule) with different caste and 
communities were enrolled in the study.

All the samples were collected during the period of study 
in EDTA Vacutainers and were immediately analyzed for 
complete blood count (CBC) on hematology analyzer (Coul-
ter AcT 5diff; Beckman Coulter) and osmotic fragility for ini-
tial screening.[6] For osmotic fragility of RBC, different saline 
concentrations 0.32%, 0.34%, and 0.36% were used.[7] The 
blood specimens in which abnormalities were found (MCV < 
80 fL and MCH < 27 pg; and/or osmotic resistance in hypo-
tonic solutions) were processed for further series of studies. 
These include hemoglobin electrophoresis by cellulose ace-
tate at pH 8.6 and automatic HPLC analyzer (Bio-Rad Var-
iant-II β-thalassemia short program) for HbA2 estimation.[8] 
Beta- thalassemia trait was diagnosed when the percentage 
of HbA2 was 3.5% or higher.[9]

Statistical analysis was carried out by Statistical Package 
for Social Sciences (SPSS, Inc., Chicago, USA). Descrip-
tive statistics and mean, standard deviation, and range were 
used to describe hematological characteristics of each thal-
assemia genotype. Statistical comparison with Student’s 
two-sample t test was performed to determine the mean dif-
ference of hematological parameters between β-thalassemia 
major and β-thalassemia minor patients. ANOVA was used to 
compare means of hematological parameters between dif-
ferent hemoglobinopathies. Correlation coefficient was used 
to determine any relationship with in the hematological indi-
ces, and several relationships were identified. The P value 
< 0.05 was considered as statistically significant. Box plots 
(median and interquartile range) for each parameter were 
constructed.

Results

This study was conducted on 242 clinically proved  
β-thalassemia major patients and their family members. The 
ages of thalassemia major patients were between 6 months 
and 22 years, 136 being male and 106 female subjects. 
Some of their family members were already tested for their 
carrier state. The cellulose acetate electrophoresis and HPLC 
studies revealed that there were 629 β-thalassemia carriers 
among 1,702 family member tested.

The red cell measurements including RBC, white blood 
cell (WBC), hemoglobin, MCV, MCH, mean corpuscu-
lar hemoglobin concentration (MCHC), Hct, and red cell 
 distribution width (RDW) were grouped according to the 
 genotype.

For the cases of β-thalassemia major patients, the overall 
mean RBC count was 3.5 ± 0.5 1012/L, Hb, 7.9 ± 1.1 g/dL; 
MCV, 71.5 ± 8.7 fL; and MCH, 22.9 ± 2.6 pg. For the cases 
of β-thalassemia minor patients, the overall mean RBC count 
was 4.7 ± 0.6 1012/L; Hb, 9.9 ± 1.0 g/dL; MCV, 69.2 ± 6.8 
fL; and MCH, 21.0 ± 2.2 pg. For the cases of β-thalassemia 
major, the overall mean level of HbA2 and HbF were 5.2 ± 
1.3% and 69.5 ± 13.3%, respectively, while for the cases 
of β-thalassemia minor, these values were 6.2 ± 1.5% and 
2.2 ± 0.9%, respectively. There were significant differences 
between all red cell indices of β-thalassemia major and minor 
cases (P < 0.000), except RDW, which showed no significant 
difference.

Sex-wise hematological data of β-thalassemia major and 
β-thalassemia minor patients are illustrated in Table 1. The 
MCHC, RBC count, MCV, and RDW showed significant differ-
ence between male and female β-thalassemia major patients. 
In β-thalassemia minor cases, RBC count, MCV, MCH, and 
RDW showed significant different, while hemoglobin concen-
tration between male and female subjects showed no signifi-
cant difference.

In β-thalassemia major patients, the following indices were 
positively correlated: RBC and WBC (r = 0.581; P < 0.000); 
RBC and Hb (r = 0.686; P < 0.000); RBC and Hct (r = 0.702; 
P < 0.000); Hb and Hct (r = 0.568; P < 0.000); Hb and MCHC 
(r = 0.316; P < 0.000); Hct and MCV (r = 0.415; P < 0.000); 
MCV and MCH (r = 0.385; P < 0.000); and MCH and MCHC 
(r = 0.499; P < 0.000). However, a negative correlation was 
found between RBC and MCV (r = -0.349; P < 0.000); RBC 
and MCH (r = -0.548; P < 0.000); RBC and MCHC (r = 
-0.124; P > 0.054); Hb and MCV (r = -0.107; P > 0.096); Hct 
and MCH (r = -0.257; P < 0.000); Hct and MCHC (r = -0.589; 
P < 0.000); MCV and MCHC (r = -0.598; P < 0.000); MCH 
and RDW (r = -0.070; P > 0.278) and MCHC and RDW (r = 
-0.126; P > 0.049).

Table 2 shows the hematological data of different hemo-
globinopathies. The level of hemoglobin was lower in two 
cases of HbE/β-thalassemia and HbD Punjab, moderate in  
α-thalassemia, sickle/β-thalassemia, and HbE disease, 
and normal in HbE traits. Double heterozygous sickle/ 
β-thalassemia showed almost normal red cell indices and 
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is  asymptomatic. Moderate degree of microcytosis and 
hypochromia reported in all cases of α-thalassemia, sick-
le/β-thalassemia, HbE disease, and trait. However, microcyto-
sis was more marked in HbD Punjab and HbE/β-thalassemia 
when compared with other hemoglobinopathies.

A box plot of each hematological parameter was constructed 
and depicted in Figure 1a–d. As compared with other hemoglo-
binopathies, viz., β-thalassemia minor, sickle/β-thalassemia,  
HbE disease, HbE/β-thalassemia, HbE traits, HbD Punjab, 
and α-thalassemia traits (groups 2–8, respectively), β-thalas-
semia major (group 1) showed significant reduction in RBC  
[Figure 1a] and Hb [Figure 1b]. The reverse increasing trend was 

found with MCH [Figure 1d; groups 2–5]. In contrast, homozy-
gous HbE and HbE/β-thalassemia [Figure 1c; groups 4 and 5] 
showed no significant difference in MCV from β-thalassemia  
major (group 1), moreover, HbD  Punjab  [Figure 1e; group 7] 
showed no difference in MCH from β-thalassemia major 
(group 1). On the other hand, insignificant difference was 
found between RDW of β-thalassemia major, β-thalassemia 
minor, HbE disease, and HbD Punjab. Analysis of hemoglobin 
revealed inconsistency in the presence of percent HbF among 
all hemoglobinopathies [Figure 1e]. Decreasing trend of per-
cent HbE (HbE%) was reported between all three HbE cases: 
HbE disease, HbE/β-thalassemia, and HbE trait [Figure 2].

Table 1: Sex-wise hematological data of β-thalassemia major and β-thalassemia minor patients

Parameters β-thalassemia major (n = 242) β-thalassemia minor (n = 629)
Male (n = 136) Female  

(n = 106)
P Male (n = 322) Female  

(n = 307)
P

RBC, 1012/L 3.6 ± 0.6 3.4 ± 0.5 <0.012* 4.8 ± 0.6 4.7 ± 0.5 <0.019*
WBC, 109/L 8.7 ± 2.5 8.6 ± 2.0 >0.06 8.2 ± 1.8 8.2 ± 2.2 >0.792
Hb, g/dL 8.0 ± 1.1 7.8 ± 0.9 <0.041* 9.9 ± 0.9 9.9 ± 0.7 >0.737
Hct, % 26.3 ± 4.6 22.9 ± 2.3 <0.000* 32.6 ± 3.2 32.8 ± 2.0 >0.448
MCV, fL 74.0 ± 8.8 68.1 ± 7.5 <0.000* 68.4 ± 6.5 70.1 ± 8.3 <0.000*
MCH, pg 22.7 ± 2.7 23.0 ± 2.5 >0.363 20.8 ± 2.1 21.3 ± 2.8 <0.006*
MCHC, g/dL 31.0 ± 4.6 33.9 ± 2.8 <0.000* 30.6 ± 3.0 30.5 ± 1.5 >0.630
RDW, % 17.1 ± 1.9 16.5 ± 1.6 <0.019* 15.9 ± 1.9 17.9 ± 1.0 <0.000*
HbA2, % 5.1 ± 1.3 5.3 ± 1.3 >0.257 6.2 ± 1.5 6.2 ± 1.0 >0.956
HbF, % 69.1 ± 14.4 70.0 ± 11.7 >0.610 2.3 ± 1.0 2.1 ± 0.7 <0.038*
HbA, % 25.5 ± 14.6 24.4 ± 12.0 >0.531 87.6 ± 1.5 87.6 ± 2.8 >0.649

*statistically significant

Table 2: Hematological features of different hemoglobinopathies

Parameters Sickle/ 
β-thalassemia  

(n = 24)

HbE  
disease  
(n = 5)

HbE/ 
β-thalassemia  

(n = 2)

HbE trait  
(n = 5)

HbD Punjab 
(n = 6)

α-thalassemia 
trait (n = 13)

P (for overall 
difference)

RBC, 1012/L 4.7 ± 0.5 4.9 ± 0.3 4.0, 4.5 4.6 ± 0.6 4.0 ± 0.2 4.2 ± 0.4 <0.003*
WBC, 109/L 7.7 ± 1.4 7.5 ± 0.9 5.5, 6.1 7.5 ± 0.8 6.0 ± 0.4 7.3 ± 0.8 <0.022*
Hb, g/dL 10.1 ± 0.9 10.3 ± 0.4 8.3, 8.9 12.3 ± 1.1 9.3 ± 0.8 10.4 ± 1.1 <0.000*
Hct, % 37.6 ± 2.2 35.0 ± 1.8 27.9, 31.5 38.4 ± 3.9 28.1 ± 2.1 31.4 ± 2.3 <0.000*
MCV, fL 81.1 ± 8.5 70.5 ± 4.9 68.9, 70.5 84.2 ± 8.7 69.1 ± 3.2 75.2 ± 7.8 <0.001*
MCH, pg 22.1 ± 2.2 21.5 ± 1.0 21.5, 19.8 27.2 ± 3.6 23.3 ± 2.3 24.9 ± 1.3 <0.000*
MCHC, g/dL 27.0 ± 2.2 29.4 ± 1.6 29.7, 28.3 32.1 ± 1.7 33.2 ± 3.3 33.6 ± 4.0 <0.000*
RDW, % 15.5 ± 1.2 16.3 ± 1.0 22.5, 26.4 15.4 ± 0.9 16.5 ± 0.8 15.4 ± 1.3 <0.000*
HbA2, % 6.4 ± 1.0 0.0 0.0 0.3 ± 0.3 1.8 ± 0.4 2.5 ± 0.3 <0.000*
HbF, % 9.3 ± 4.0 6.1 ± 0.7 8.2, 9.6 1.8 ± 0.4 0.8 ± 0.3 0.7 ± 0.2 <0.000*
HbA, % 25.2 ± 7.9 6.0 ± 2.7 40.2, 38.9 68.7 ± 1.7 66.8 ± 2.4 89.3 ± 3.1 <0.000*
HbS, % 58.0 ± 7.4 — — — — — —
HbE, % — 87.7 ± 3.3 48.8, 51.3 28.9 ± 1.4 — — <0.000*
HbD, % — — — — 29.9 ± 2.4 — —

*statistically significant
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homozygous condition and its fatal outcome. Therefore, in 
preventive and control programs, rapid, accurate, and inex-
pensive screening protocols to identify carriers of thalasse-
mias and its variants, especially in population and families at 
risk for Hb disorders, are essential.

Automated cell counters are widely used in routine prac-
tice and are easily available at every diagnostic center; so, 
screening can be done without additional costs. The most 
consistent finding in carriers of β-thalassemia is the com-
bination of a relatively high or normal red blood cell (RBC) 
count with low mean corpuscular volume (MCV) and mean 
corpuscular hemoglobin (MCH) along with normal Hb and 
hematocrit (Hct) values.[3,4] In fact, the MCV alone can iden-
tify a high number of thalassemia carriers in both adults and 
children.[5]

Materials and Methods

The study was undertaken to determine the prevalence of 
β-thalassemia traits and its associated hemoglobin variants in 
Dhule and Nandurbar districts by cell counter-based param-
eters. Ethical approval was obtained by institutional ethics 
committee. During the extended family screening, a total of 
1,702 family members and close relatives of 242 β-thalas-
semia major patients (receiving regular blood transfusion at 
Government Civil Hospital, Dhule) with different caste and 
communities were enrolled in the study.

All the samples were collected during the period of study 
in EDTA Vacutainers and were immediately analyzed for 
complete blood count (CBC) on hematology analyzer (Coul-
ter AcT 5diff; Beckman Coulter) and osmotic fragility for ini-
tial screening.[6] For osmotic fragility of RBC, different saline 
concentrations 0.32%, 0.34%, and 0.36% were used.[7] The 
blood specimens in which abnormalities were found (MCV < 
80 fL and MCH < 27 pg; and/or osmotic resistance in hypo-
tonic solutions) were processed for further series of studies. 
These include hemoglobin electrophoresis by cellulose ace-
tate at pH 8.6 and automatic HPLC analyzer (Bio-Rad Var-
iant-II β-thalassemia short program) for HbA2 estimation.[8] 
Beta- thalassemia trait was diagnosed when the percentage 
of HbA2 was 3.5% or higher.[9]

Statistical analysis was carried out by Statistical Package 
for Social Sciences (SPSS, Inc., Chicago, USA). Descrip-
tive statistics and mean, standard deviation, and range were 
used to describe hematological characteristics of each thal-
assemia genotype. Statistical comparison with Student’s 
two-sample t test was performed to determine the mean dif-
ference of hematological parameters between β-thalassemia 
major and β-thalassemia minor patients. ANOVA was used to 
compare means of hematological parameters between dif-
ferent hemoglobinopathies. Correlation coefficient was used 
to determine any relationship with in the hematological indi-
ces, and several relationships were identified. The P value 
< 0.05 was considered as statistically significant. Box plots 
(median and interquartile range) for each parameter were 
constructed.

Results

This study was conducted on 242 clinically proved  
β-thalassemia major patients and their family members. The 
ages of thalassemia major patients were between 6 months 
and 22 years, 136 being male and 106 female subjects. 
Some of their family members were already tested for their 
carrier state. The cellulose acetate electrophoresis and HPLC 
studies revealed that there were 629 β-thalassemia carriers 
among 1,702 family member tested.

The red cell measurements including RBC, white blood 
cell (WBC), hemoglobin, MCV, MCH, mean corpuscu-
lar hemoglobin concentration (MCHC), Hct, and red cell 
 distribution width (RDW) were grouped according to the 
 genotype.

For the cases of β-thalassemia major patients, the overall 
mean RBC count was 3.5 ± 0.5 1012/L, Hb, 7.9 ± 1.1 g/dL; 
MCV, 71.5 ± 8.7 fL; and MCH, 22.9 ± 2.6 pg. For the cases 
of β-thalassemia minor patients, the overall mean RBC count 
was 4.7 ± 0.6 1012/L; Hb, 9.9 ± 1.0 g/dL; MCV, 69.2 ± 6.8 
fL; and MCH, 21.0 ± 2.2 pg. For the cases of β-thalassemia 
major, the overall mean level of HbA2 and HbF were 5.2 ± 
1.3% and 69.5 ± 13.3%, respectively, while for the cases 
of β-thalassemia minor, these values were 6.2 ± 1.5% and 
2.2 ± 0.9%, respectively. There were significant differences 
between all red cell indices of β-thalassemia major and minor 
cases (P < 0.000), except RDW, which showed no significant 
difference.

Sex-wise hematological data of β-thalassemia major and 
β-thalassemia minor patients are illustrated in Table 1. The 
MCHC, RBC count, MCV, and RDW showed significant differ-
ence between male and female β-thalassemia major patients. 
In β-thalassemia minor cases, RBC count, MCV, MCH, and 
RDW showed significant different, while hemoglobin concen-
tration between male and female subjects showed no signifi-
cant difference.

In β-thalassemia major patients, the following indices were 
positively correlated: RBC and WBC (r = 0.581; P < 0.000); 
RBC and Hb (r = 0.686; P < 0.000); RBC and Hct (r = 0.702; 
P < 0.000); Hb and Hct (r = 0.568; P < 0.000); Hb and MCHC 
(r = 0.316; P < 0.000); Hct and MCV (r = 0.415; P < 0.000); 
MCV and MCH (r = 0.385; P < 0.000); and MCH and MCHC 
(r = 0.499; P < 0.000). However, a negative correlation was 
found between RBC and MCV (r = -0.349; P < 0.000); RBC 
and MCH (r = -0.548; P < 0.000); RBC and MCHC (r = 
-0.124; P > 0.054); Hb and MCV (r = -0.107; P > 0.096); Hct 
and MCH (r = -0.257; P < 0.000); Hct and MCHC (r = -0.589; 
P < 0.000); MCV and MCHC (r = -0.598; P < 0.000); MCH 
and RDW (r = -0.070; P > 0.278) and MCHC and RDW (r = 
-0.126; P > 0.049).

Table 2 shows the hematological data of different hemo-
globinopathies. The level of hemoglobin was lower in two 
cases of HbE/β-thalassemia and HbD Punjab, moderate in  
α-thalassemia, sickle/β-thalassemia, and HbE disease, 
and normal in HbE traits. Double heterozygous sickle/ 
β-thalassemia showed almost normal red cell indices and 
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Discussion

In this study, hematologic features of β-thalassemia major, 
β-thalassemia minor, α-thalassemia trait, double heterozygous 
sickle/β-thalassemia, double heterozygous HbE/β-thalassemia,  
HbE disease, HbE trait, and HbD Punjab were analyzed. In 
general, screening for all forms of thalassemia and hemoglo-
binopathies usually depends on a CBC obtained using auto-
mated blood cell counter. The clue for thalassemia is MCV < 
80 fL and/or MCH < 27 pg, and individuals with these charac-
teristics usually undergo a further investigation by hemoglobin 
and DNA analysis to identify types of the defect.[9]

Hematological parameters of β-thalassemia major 
patients and β-thalassemia minor were compared. Individ-
uals with β-thalassemia major showed severe anemia with 
very low levels of RBC count, Hb, and Hct (P < 0.000) and 
increased levels of MCV, MCH, and MCHC (P < 0.000) when 
compared with patients with β-thalassemia minor. This result 
is in agreement with the finding of Mehdi and Al Dahmash,[10] 
and individual with β-thalassemia minor showed mild micro-
cytic and hypochromic anemia as observed by others.[11]

Majority of the β-thalassemia major cases [188 of 242 
(77.7%)] showed packed cell volume between 20% and 30%, 
followed by 31 of 242 (12.8%) who showed values more than 
30% and only 23 of 242 (9.5%) with values less than 20%. On 
the other hand, 491 of 629 (78.1%) cases of β-thalassemia 
minor showed packed cell volume greater than 30%, while 
138 of 629 (21.9%) cases showed less than 30% packed cell 
volume.

An RBC count of more than 5.0 × 1012/L was observed in 
more than 35% cases in the β-thalassemia minor group, 37% 
cases in the double heterozygous sickle/β-thalassemia group, 
and two cases in each HbE disease and HbE trait groups. 
An increased RBC count despite a low hemoglobin con-
centration in β-thalassemia minor group has been reported, 

and this finding correlated with the findings of Lec.[12] The  
β-thalassemia minor group showed significantly lower values 
for MCV and MCH (P < 0.000) compared with β-thalassemia 
major cases. However, in the β-thalassemia minor, HbE dis-
ease, and HbE/β-thalassemia groups, the MCV and MCH val-
ues did not show significant differences (P = 0.898 and P = 
0.839, respectively).

In this study, an MCV of less than 80 fL was reported in 
96.5% cases of the β-thalassemia minor cases, 54.2% cases 
of sickle/β-thalassemia, 100% (5/5) cases of HbE disease, 
100% (2/2) cases of HbE/β-thalassemia, 40% (2/5) cases 
of HbE traits, 100% (6/6) cases of HbD Punjab (100%), and 
76.9% cases in α-thalassemia trait. An MCH value less than 
27 pg was observed in 100% of β-thalassemia minor cases, 
92% of α-thalassemia trait, 100% with sickle/β-thalassemia 
cases, 100% of HbE disease, 100% of HbE/β-thalassemia, 
60% of HbE trait, and 83.3% of HbD Punjab. Similar results 
were reported earlier.[13,14] The cases of β-thalassemia minor 
showed reduction in MCV and MCH values, and, thus, 
these parameters found to be important in diagnosis of  
β-thalassemia carriers.

The degree of microcytosis and type of thalassemia muta-
tion has shown wide variations in ranges of MCV.[14,15] Carriers of 
α-gene deletion show mild microcytosis with or without  anemia.  
Owing to this, it is important to diagnose α-thalassemia to 
ascertain the cause of microcytosis and to avoid repeated 
expensive analysis and/or prolonged iron therapy. However, 
it was found that the red cell indices were unable to discrim-
inate α-thalassemia except MCH was a better discrimination 
index.[16,17]

Hematologic comparison between the β-thalassemia 
and α-thalassemia traits revealed that the Hb, MCV, MCH, 
and MCHC were higher and RBC, Hct, and RDW were lower 
in β-thalassemia traits when compared with α-thalassemia 
traits. This is in agreement with the findings of Mehdi and 
Al Dahmash.[10] Similarl to α-thalassemia traits, hemato-
logic parameters of HbE traits showed increasing trends  
for Hb, Hct, MCV, MCH, and MCHC and decreasing trend 
for RBC and RDW when compared with β-thalassemia 
traits. This result is in agreement with the study of Karnpean 
et al.[18] Almost all the cases of HbE heterozygotes in this 
study revealed normal MCV and MCH, and this finding  
correlated with the findings of Chan et al.[19] and 
Sanchaisuriya et al.[20]

Iron deficiency anemia and anemia associated with 
other hemoglobinopathies are the most common cause of 
a low MCV and/or MCH; it seems likely that this finding will 
point to thalassemia in thalassemic-prone ethnic regions. 
 However, the number of patients with HbE disease, trait, HbE/ 
β-thalassemia, and HbD Punjab are not considerable, and owing 
to this, the comparative analysis with other  hemoglobinopathies 
will be not so efficient. But, to some extent, this study 
helps to understand the hematological variation in different  
hemoglobinopathies.

Of total (927) patients of different hemoglobinopathies, 
486 (52.4%) were male and 441 (47.6%) female subjects. 

Figure 2: Comparison of percent HbE between HbE disease, 
HbE/β-thalassemia, and HbE trait.
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Figure 1: Comparison of (a) RBCs, (b) Hb, (c) MCV, (d) MCH, and (e) percent HbF between various hemoglobinopathies: Groups: 1,  
β-thalassemia major; 2, β-thalassemia minor; 3, sickle/β-thalassemia; 4, HbE disease; 5, HbE/β-thalassemia; 6, HbE trait; 7, HbD Punjab; and 
8, α-thalassemia trait.
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Figure 1: Comparison of (a) RBCs, (b) Hb, (c) MCV, (d) MCH, and (e) percent HbF between various hemoglobinopathies: Groups: 1,  
β-thalassemia major; 2, β-thalassemia minor; 3, sickle/β-thalassemia; 4, HbE disease; 5, HbE/β-thalassemia; 6, HbE trait; 7, HbD Punjab; and 
8, α-thalassemia trait.
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This study reported that β-thalassemia minor was the most 
common form of hemoglobinopathy (67.9%), followed by 
β-thalassemia major (26.1%). While the prevalence of 
β-thalassemia minor in male subjects was 66.3% (322/486), 
in females, it was 69.6% (307/441). The incidence of  
β-thalassemia major cases in male subjects were 56.2% 
(136) and in female subjects 43.8% (106) of total 242 β-thal-
assemia major patients. The ages of these patients were 
between 6 months and 22 years and are dependent on blood 
transfusion.

Conclusion

The automated cell counter-based parameters provide an 
excellent hematological data and continue to play a crucial 
role for screening and differentiation of all forms of thalassem-
ias such as α-thalassemia traits, homozygous α-thalassemia, 
and β-thalassemia major and minor. The key characteristic 
features for initial diagnosis of β-thalassemia trait were found 
to be MCV < 80 fL and MCH < 27 pg. It has been concluded 
that the RBC count, MCV, and MCH are suitable for screening 
in a large population in resource poor areas and are the best 
discriminant functions among all red cell indices and continue 
to provide an essential support to the diagnosis and mon-
itoring of hematological disorders. Automated cell counters 
with differential counts are now readily available in almost 
all primary health-care clinics of Maharashtra state, where 
expensive laboratory equipments for screening and diagno-
sis of different hemoglobinopathies are not adoptable. This 
would definitely help physicians to diagnose these hemoglo-
binopathies without spending much time and cost.
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