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Abstract This study evaluated the effect of alpha tha-
lassemia on the red cell indices and hemoglobin profiles of
normal, sickle heterozygous and sickle homozygous new-
born babies in central India where the sickle gene is linked
to the Arab-Indian haplotype. 265 newborn babies were
analysed with complete blood count and hemoglobin
analysis on high performance liquid chromatography
(Variant Hb Testing System, BioRad Laboratories, Her-
cules, CA, USA) using the B-thal short program. The sickle
genotypes was confirmed by DNA analysis. The two
common alpha gene deletions (— o’ and — o*?) were
detected by multiplex PCR. Among the 102 normal, 106
sickle heterozygous and 57 sickle homozygous newborns,
the prevalence of a single alpha gene deletion (— o/aot)
was 28.3% and that of deletion of 2 alpha genes (— o/— o)
was 21.5%. In all, 57 normal (55.9%), 35 (33.0%) sickle
heterozygous and 41 (71.9%) sickle homozygous newborns
had a normal o genotype while — o/— o was seen in 23
(22.5%) normal, 30 (28.3%) sickle heterozygous and 4
(7.0%) sickle homozygous newborns respectively. The
presence of associated alpha thalassemia resulted in a
reduction in the hemoglobin levels and red cell indices in
normal, sickle heterozygous and sickle homozygous new-
born babies, MCV and MCH being strong discriminators of
alpha thalassemia with two alpha gene deletions in all the
three groups. This study also helped us to know the vari-
ations in hematological parameters in normal, sickle
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Introduction

Alpha thalassemia is the most common monogenic disor-
der in the world due to a deficiency of alpha globin chain
production. It is especially frequent in Mediterranean
countries, Southeast Asia, Africa, Middle East and in the
Indian Subcontinent [1]. Depending on the number of alpha
genes deleted, the severity varies from an asymptomatic
condition to a moderate hemolytic anaemia seen in some

HbH disease cases. Of the 8 common alpha thalassemia
deletions (— o’ 42 _SEA_SA _FIL_MED _THA _ (4)

—a, Y~ > , >
—20. 37 .
99— o7 is the most common alpha gene defect seen in

India [2]. Alpha thalassemia which is present in 1/3rd of
sickle cell disease patients, is an important modulator of
the disease associated with reduced hemolysis, higher
hematocrit (HCT) and lower mean corpuscular volume
(MCV) and mean corpuscular hemoglobin (MCH) levels
[3, 4]. Due to its high incidence and its ameliorating effect
in patients with sickle cell disease, early identification
through a neonatal screening program is the best way to
diagnose this defect at birth. Due to the presence of Hb
Barts (y4), the identification of alpha thalassemia is much
easier in newborns than in adults, high performance liquid
chromatography (HPLC) and isoelectric focussing (IEF)
being the most powerful tools to suspect the presence of
alpha thalassemia while screening for any other
hemoglobinopathy. Since the burden of both alpha
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thalassemia and sickle cell disease is high in several
regions in India, there was a need to determine the varia-
tions in red blood cell indices in normal (AA), sickle
heterozygous (AS) and sickle homozygous (SS) newborn
babies with different alpha genotypes. We also analysed
the effect of alpha thalassemia on different hemoglobins
(HbA,, HbF, HbA and HbS) in normal, sickle heterozygous
and sickle homozygous newborn babies.

Materials and Methods

Under a targeted newborn screening program for sickle cell
disease, a total of 2134 newborns born to sickle heterozy-
gous women at Government Medical College, Nagpur were
screened for sickle cell disorders by high performance
liquid chromatography (HPLC). Of these, 265 newborns
which included 102 normal, 106 sickle heterozygous and
57 sickle homozygous babies delivered at full term were
selected for alpha genotyping. The sample selection was
based on those which showed a small spike at the start of
the chromatogram on HPLC which suggests the possible
presence of alpha thalassemia and where the complete
blood counts were done (139 babies) along with a few from
each group which did not show such a spike but where the
complete blood counts were available. Cord blood/Heel
prick samples were collected between days 1 and 7 in
EDTA vials and analysed. The study was approved by our
Institutional Ethics Committee (IEC)-(NIIH/IEC/21-2007).
An informed consent was taken from the parents of the
newborns. A detailed proforma was filled up to record the
gestational age, caste, sex, origin, anthropometric mea-
surements, any clinical presentation at birth, requirement of
blood transfusion or any significant family history.

Complete blood count (CBC) was done on an automated
cell counter (Sysmex K-1000; Sysmex Corporation, Kobe,
Japan). Hemoglobin analysis was done by HPLC on the
VARIANT I Hemoglobin Testing System (Bio-Rad Lab-
oratories, Hercules, California, USA) using the B thal short
programme [5]. Genomic DNA extraction was done using
the QIAamp DNA Blood Mini Kit (Qiagen GmbH, Hilden,
Germany). The diagnosis of the newborns was confirmed
by Covalent Reverse Dot Blot (CRDB)/Amplified Refrac-
tory Mutation System (ARMS) or by restriction enzyme
digestion using Ddel [6]. Screening for the common alpha
thalassemia deletions (— o7 — oz“) was done by Multi-
plex PCR [7].

Statistical Analysis
Data analysis was done using Microsoft Excel and

GraphPad Prism software (La Jolla, CA, USA). Descriptive
statistics including mean and standard deviation were used
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to describe hematologic and different haemoglobin char-
acteristics of each genotype. The data was analysed using
the student ¢ test. P < 0.05 was considered significant.

Results

The beta globin genotypes of the 265 babies were first
confirmed by DNA analysis, and the 102 normal, 106
sickle cell heterozygous and 57 sickle homozygous babies
were correctly identified. Alpha genotyping was then done
in all the 265 babies. Of the 102 normal babies, 57 had no
alpha gene deletion, 22 had one alpha gene deletion and 23
had two alpha gene deletions. Of the 106 sickle heterozy-
gous babies, 35 had a normal alpha genotype, 41 had a
single alpha gene deletion and 30 had two alpha gene
deletions while in the group of 57 sickle homozygous
babies, 41 did not show the presence of these alpha gene
deletions, 12 had one alpha gene deletion and only 4 babies
had two alpha gene deletions.

Table 1 summarizes the haematological indices in all
the three groups of normal, sickle heterozygous and sickle
homozygous newborns with and without alpha gene dele-
tions. Among the normal babies with one alpha gene
deletion, there was a significant decrease in the MCV
(P < 0.0002) and the MCH (P < 0.0001) levels and in the
same group with two alpha gene deletions there was a
significant reduction in the Hb, MCV, MCH, MCHC and
an increase in the RBC counts and the RDW levels. There
was a statistically significant difference in the MCV
(P < 0.0001) and the MCH (P < 0.0001) levels in the
sickle heterozygous babies with one alpha gene deletion
and the levels further decreased in the sickle heterozygous
babies with two alpha gene deletions with a marked
increase in the RBC and RDW levels (Table 1). The same
trend was observed in sickle homozygous newborns who
showed reduced MCV, MCH and MCHC levels with an
increase in the RBC counts when they had two alpha gene
deletions as compared to a normal alpha genotype. There
was no significant difference in the RBC indices between
normal, sickle heterozygous and sickle homozygous babies
with a normal alpha genotype.

Figure 1 shows the mean and the standard deviation of
the Hb, RBC, MCH and MCYV levels in the AA, AS and SS
babies in the absence and presence of alpha gene deletions.
MCYV and MCH were the strongest discriminators among
the red cell indices to differentiate between babies with a
normal alpha genotype, a single alpha gene deletion and
two alpha gene deletions in the AA, AS and SS newborns.

Table 2 shows the effect of alpha thalassemia on dif-
ferent hemoglobins in all the three groups of AA, AS and
SS babies. The concentration of adult hemoglobin (HbA)
was found to be higher in the normal and sickle cell trait
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were decreased in the AS group of babies with one or two
alpha gene deletions when compared to babies with a
normal alpha genotype (Table 2). A recent study from
South East Asia which analysed the HbA, HbA2, HbE and
HbF levels in babies from birth up to 1 year of age also
showed higher HbA levels in cord bloods of babies with
alpha thalassemia and slightly lower HbF levels, however
the number of newborns in this series was only 15 which
included 10 babies with a normal alpha and beta genotype
and 5 who had a normal beta genotype but different alpha
gene deletions [12].

This clearly indicates that alpha thalassemia largely
affects the RBC indices and the hemoglobin profile at the
newborn level. Therefore in laboratories where there is no
facility for IEF or HPLC to pick up cases with alpha
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thalassemia at birth, MCV and MCH values could still be
used to suspect the presence of alpha thalassemia in new-
borns [13-15]. MCV < 95 fl and MCH < 30 pg yielded
100% sensitivity to identify 2 a-globin gene deletions in
Southeast Asian newborns [16]. In our population too,
majority of normal, sickle heterozygous and sickle
homozygous newborns with associated deletion of 2 «
genes showed a similar reduction in MCV and MCH levels,
however those with a single o gene deletion had higher
MCYV and MCH levels. Only one sickle heterozygous baby
had shown MCV > 100 and MCH > 30 in our 3 groups of
babies with 2 alpha gene deletions. Thus, in our babies
taking MCV < 100 and MCH < 30, all except one baby
with 2 alpha gene deletions would have been picked up
giving an accuracy of 98.2%.
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In India, where the load of sickle cell disease is high and
alpha thalassemia is also prevalent and it is one of the
major ameliorating factors for the severity of the disease,
studying the alpha gene defects in our population is
important. One of the limitations of our study is the small
sample size and some bias in sample selection. However,
this study helps to provide the ranges of hematological
values in normal, sickle heterozygous and sickle homozy-
gous newborns with and without associated alpha
thalassemia.
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