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Sickle cell disease (SCD) is the most common hemoglobinopathy and a genetic abnormality
involving HbF. Although, it is primarily a red cell disorder, the WBC’s and the platelets are
also affected by the mutation. However, HbF is the best known genetic modulator of sickle
cell anaemia and its concentration varies in the blood of these patients. So the aim of this
study was to determine the HbF levels of normal (AA), sickle cell carriers (AS) and SCD (SS)
tribal individuals and to study the various haematological parameters. Homozygous sickle
cell disease patients have lower values of red cell parameters but higher values of white
cells and platelet counts as compared to haemoglobin phenotypes AS and AA. Within the
study population, MCV was found highly significant at p<0.001 and its value in SS cases is
more as compared to AS and AA individuals. The HbF level was found to be highest in HbSS
and lowest in HbAS individuals.

KEY WORDS: Sickle Cell Disease (SCD), Fetal haemoglobin HbF, Hematological indices,
Hemoglobinopathy and Tribals.
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INTRODUCTION

Hemoglobinopathies are inherited single-gene (B-globin gene) disorders; in most cases,
they are inherited as autosomal co-dominant traits (Weatherall & Clegg 2001). Most
common hemoglobinopathy like sickle cell disease (SCD) causes life threatening medical
emergencies, chronic disability to families and major drain on health resources (Weatherall
1999). However the SCD patients with high HbF levels not only have less severe clinical
course, but also have mild clinical complications because an increase in haemoglobin F
inhibits polymerization of sickle haemoglobin (Wood 1993). HbF (a2 y2), the main
haemoglobin component in the foetus, is present at levels of 65 to 90% at birth and usually
drops to less than 2% by 6 to 12 months of age (Haewon et al., 1990). After birth, the HbF-y
-gene is switched down and the HbA- B -gene is switched on so that adults mainly produce
HbA (a2B2). After this developmental switch, low levels of HbF are still produced, and this is
distributed heterogeneously with some red cells (F cells) expressing more HbF than others
(Boyer et al., 1975). In healthy adults, Hb is composed of HbA (~95%) and HbA2 (~3.5%),
with only trace amounts of HbF. Hemoglobinopathies can be diagnosed by detecting and
guantifying various haemoglobin fractions like HbF (a2y2), HbA (a2B2) and HbA2 (a262).
Persistent production of variable levels of HbF into childhood and adult life is a
characteristic finding in sickle cell anaemia and more severe forms of B-thal. HbF levels are
also useful for predicting the clinical severity of sickle cell disease (SCD) (Kotila et al., 2000).
The varying levels of foetal haemoglobin in RBCs account for a larger part of clinical
heterogeneity observed in patients with sickle cell anaemia (Bailey, 1992). It is also a major
prognostic factor for several clinical complications (Molineaux et al., 1979; Bordin et al.,
1989 and Olatunji 2002). HbF and S are heterogeneously distributed within the RBC
population of patients with Hb SS disease, and their transfusion studies indicated that those
RBCs with higher proportions of HbF had longer life spans (Singer and Fisher 1952). In SCD
patients the RBC changes quantatively and qualitatively. Intravascular haemolysis of RBC
results from the lysis of complement-sensitive red cells (Test et al., 1991) and haemoglobin
lost during sickling-induced membrane damaged (Allan et al., 1982 and Platt 1982). The
extracellular haemolysis occurs by phagocytosis of red cells that have undergone sickling
(Galili et al., 1986 and Green & Kalra 1988) and physical entrapment of rheologically
compromised red cells (Kaul et al., 1986). As the RBCs are being affected by SCD the other
red cell parameters like Cell volume (MCV) and cell hemoglobin content (MCH) and even the
white blood cells and platelets are also affected by the mutation. So the aim of this study
was to determine the HbF levels of normal (AA), sickle cell trait (AS), sickle cell anaemic
tribal individuals (SS) and study their various haematological parameters.

MATERIAL AND METHODS

A total of 100 individuals belonging to 5 different tribal castes were screened for SCD in
some tribal villages from Melghat forest region of Amravati district. Blood samples were
collected from both patients and controls into Ethylene Diamene Tetraacetic Acid (EDTA)
anticoagulant bottle with prior consent of all individuals. Sebia Capillary Electrophoresis (CE)
is the approved method offering quantitation and detection of normal and abnormal
haemoglobins, as an aid in the diagnosis of hemoglobinopathies.
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CE also provides much enhanced resolution and foculisation in the separation of Hb A2, F, A
and S especially useful in Sickle Cell anaemia diagnosis (Chen et al., 1991; Ishioka et al., 1992
and Gulbis et al., 2003). Capillarys Electrophoresis was used for detecting the levels of Hb
A, Hb A, Hb S and Hb F of all the individuals studied. Complete blood count (CBC) analysis
was done by using Beckman Coulter AcT Diff [ Hematology Analyzer (Bourner et al., 2005
and Fernandez et al., 2001) in the laboratory of Anthropological survey of India, Nagpur
Central Regional Centre, Nagpur.

RESULTS

Highest level of Hb F and Hb S was recorded in SS individuals, negligible in AS and not seen
in AA individuals. However, highest level of Hb A was observed in AA individuals, moderate
in AS and lowest in SS individuals (Table 1.).

Table 1. Data showing the values of four haemoglobin variants of the Sickle cell Positive
Tribal Population as Compared with Sickle cell gene carriers and Normal individuals from
Amravati district.

Parameters Sickle cell patient (SS) | Sickle cell gene carriers (AS) | Normal (AA)

MeanzS.E. | Range MeanzS.E. | Range Mean4S.E. Range
Hb A 0.89+0.54 | 0.3-4,2 61.67+1.52 | 55.1-68 97.5840.15 96.9-98.8
Hb F 21.76+2.4 |9.4-286 | 1.02+0.27 1-2.7 0 0
Hb S 74.85+2.30 | 71.9-87.8 | 34.57+1.5 | 27.1-40.9 0 0
Hb A, 249+0.35 |1.4-48 2.74+0.3 2.5-3.4 2.37+0.13 1.2-2.7

Where, HbA- Hemoglobin A, HbA,- Hemoglobin A, , HbS-Hemoglobin S, and HbF-
Hemoglobin F.

Table 2. Data showing the values of some haematological parameters of the Sickle cell
Positive Tribal Population as Compared with Sickle cell gene carriers and Normal
individuals from Amravati district.

Parameters Sickle cell patient (SS) (SIA%k)le cell gene carriers Normal (AA)
Mean4S.E. Range Mean4S.E. Range Mean4S.E. Range

RBC 3.40+0.21" | 2.58-4.16 | 4.94+0.28" | 4.19-5.88 |3.807+0.61 2.2-4.36
Hgb 8.6+0.72° |6.2-13.2 |12.85+0.7" |10.4-13.2 |12.7741.32 11.2-18.9
Hct 26.52+1.3° | 22.4-35.1 | 38.51+1.5 | 33.4-50.2 |20.95+3.97 19.4-36.2
MCV 79.27+3.64 | 57.4-90.8 | 77.63+2.57 | 70-88.8 54.45+4.00 44.4-69.4
MCH 24.99+1.25" |18.8-31.1 | 25.29+1.05 | 21.6-30.8 |42.11+7.05 36-76.2
MCHC 30.14+0.88" | 26.8-34.7 | 33.04+0.72"" | 30.3-38.0 | 67.7+7.61 53.5-99.9
Plt 346+52.35™ | 243-457 |273+32.7° | 170-538 | 316.4+32.12 | 247-538
WBC 11.67+1.59™ | 6-17.6 8.01+0.81° |4.2-11.2 |8.08+0.8 5.8-10.6

Value are expressed in Mean + SE (Standard error), n= 10, *P<0.05, **P<0.01, ***P< 0.001,
ns= non-significant.
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Lower levels of RBC, Hgb and Hct were recorded in SS individuals as compared to AS and AA
individuals. Similarly, lower levels of MCH and MCHC were observed in SS as compared to
AS and AA individuals. However, highest level of MCV was recorded in SS individuals,
moderate in AS and lowest in AA individuals (Table 2.)

Levels of Hb F, Hb S, Hb A and Hb A, were recorded by Sebia Capillary electrophoresis. AS
individuals consists of Hb A, Hb A, and Hb S but may or may not consist of Hb F (Fig 1. and
2.). Whereas, AA individuals consist of Hb A and Hb A, only and not Hb S and Hb F (Fig 3.).
However, SS individual consists of Hb S, Hb Fand Hb Az and not Hb A (fig 4.).

(RBC-Red blood Cell Count, Hb- Haemoglobin Count, HCT- Hematocrit Count, MCV- Mean
Corpuscular volume, MCH-Mean Corpuscular Hemoglobin, MCHC-Mean Corpuscular
Hemoglobin Concentration, MPV-Mean Platelet Volume, PLT-Platelet Count, WBC-White

Blood Cell Count)

Figure: Showing CE Haemoglobin profile of AA, AS and SS individuals.
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Fig 1. Heterozygous (AS) with traces of Hb F. Fig 2. Heterozygous (AS) without Hb F.
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Fig 3. Homozygous (AA) withoutHb Sand Hb F.  Fig 4. Homozygous (SS) with Hb S

and Hb F.
Where, HbA- Hemoglobin A, HbA,- Hemoglobin A, , HbS-Hemoglobin S, and HbF-
Hemoglobin F.
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DISCUSSION

For SS tribal patients, the overall mean haemoglobin concentration was 8.6+0.72 g/dl which
was lower as compared to carriers (AS) 12.85+0.7 g/dl and normal individuals (AA)
12.77£1.32 g/d (Akinsegun et al., 2012). However, mean cell volume (MCV) of SS was
recorded as 79.27+3.64 fl which was higher as compared to carriers (AS) (77.63+2.57 fl) and
normal (AA) individuals (54.45+4.00 fl). Higher values of MCV were noted earlier in sickle
cell patients (SS) as compared to carriers (AS) and normal (AA) individuals (Odenheimer et
al., 1983). The hematocrit (Hct) (26.52+1.3) of SS was found to be higher than the Hct
(20.95£3.97) of normal (AA) individuals. A study indicated an increased hematocrit (Hct) in
subjects with sickle cell trait, suggesting a possible impairment in oxygen delivery in these
individuals (Bowers et al., 2011).

The level of four haemoglobin variants HbA, HbS, HbF and HbA, were also assessed for SS
patients. The level of HbA was found to be in negligible amounts and HbA, was found only 2-
4% however HbS was found 71-88% and HbF was recorded 10-30% in SS individuals. This
shows the persistence of foetal haemoglobin in SS positive tribal adults. Whereas for sickle
gene carriers (AS), the HbA level was found to be in higher amount (55-70%) and HbA, was
found only 2-4%, however HbS was found in moderate amount (27-40%) and HbF in
negligible amounts. This indicates that the carriers consist of both heamolgobin variants HbS
and HbA. Whereas, the HbF was found only in trace amounts. Within the study population,
the HbF level was found to be highest in HbSS and lowest in HbAS. This increased HbF level
is a compensatory mechanism for sickling in SS subjects (Bhagat et al., 2013).Whereas, it
was found that the normal individuals AA, do not possess HbS and HbF at all. These people
only possessed HbA (96-99%) and HbA; (1-2%). In a similar study done in Chhattisgarh, high
HbF values in sickle cell patients (SS) (22.71+5.23) as compared to heterozygous (AS)
(20.85£3.02) and normal (AA) individuals were recorded (Wood 1993).

When the HbF levels were estimated in Calabar, Nigeria, it was reported that the mean HbF
value in HbSS subjects was higher than in carriers (HbAS) and normal (HbA) subjects (Uko et
al., 1997 and Falusi & Esan 1989). In a study comparing the hematological indices in
homozygous sickle cell patients, it was discovered that beyond age 10, there is no consistent
age-related trend in HbF levels (Maude et al., 1987). The unusually elevated levels of Hb F
are not due to an associated high frequency of a gene for hetero-cellular hereditary
persistence of fetal haemoglobin in the Oasis population, but rather from a genetically
determined absolute increase in Hb F production related in some way to the SS genotype
(Pembrey et al., 1978).

CONCLUSION

Within the study population, the HbF level was found to be highest in SS and lowest in AS
tribal individuals. Amongst the red cell parameter the level of Hgb was the least in sickle cell
aneamic tribal individuals as compared to the carriers and the normal individuals. MCV was
found highly significant at p<0.001 showing that its value for SS tribal individuals is more as
compared to AS and AA individuals.
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